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1  | INTRODUC TION

Among the Amazonian ornamental fish taxa, the Loricariidae stands 
out as the most important family, in which the Hypancistrus zebra 
Isbrücker & Nijssen, 1991, popularly known as zebra pleco is in‐
cluded. This species has great economic and biological importance 
for the Xingu River basin and there is an unmet demand for the de‐
velopment of captive breeding technology (Ramos, Araújo, Prang, 

& Fujimoto, 2015). The zebra pleco is a vulnerable and critically en‐
dangered endemic species to the Xingu river (Normative Instruction 
05/2004 of the Environment Ministry, Brazil), being protected under 
the Decree Law 802/2008 issued by the Environment Secretariat of 
Pará State. Although fishing of this species is prohibited in Brazil, the 
illegal trade is a recurrent practice (Gonçalves et al., 2009), and each 
individual can reach an international market value of up to US$ 450 
(LiveAquaria, 2016).
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Abstract
Due to the economic potential of Hypancistrus zebra in the ornamental fish market 
and its current classification as an endangered species in its natural occurrence sites, 
the present study sought to determine a suitable feed management strategy and 
stocking density to allow for an adequate captivity maintenance of this fish species. 
Three experiments were conducted as follows: (1) feed preference (artemia Artemia 
sp., shrimp Litopenaeus vannamei, fish Cynoscion spp. or mussel Perna perna); (2) de‐
termination of feeding rate (5% and 10% live weight day−1) and frequency (1, 2 or 3 
meals. Day−1); and (3) evaluation of stocking density (0.25, 0.50, 1.00 and 2.00 g/L). 
Zebra pleco did not present the characteristic buccal scraping behaviour on the feed, 
commonly seen in other Loricariids. Artemia was the preferred diet followed by fish, 
shrimp and mussels. The frequency of two daily meals and the feeding rate of 10% 
live weight day−1 allowed for an improved zootechnical performance. Zebra pleco 
showed enhanced specific growth rate at the density of 2 g/L. Our results suggest 
that, to improve the zebra pleco rearing conditions, it should be maintained at a den‐
sity of 2 g/L, fed two daily meals at a feeding rate of 10% live weight day−1. These 
findings correspond to useful information for an adequate management of this spe‐
cies and could assist in the supply of healthy specimens to the ornamental fish market 
as well for the restocking of declining wild populations.
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The high market value of fish from the Loricariidae family has 
boosted the search for improved captive breeding technologies 
(Gonçalves et al., 2009), yet relatively few breeding protocols are 
available for the commercial production of these species (Ramos 
et al., 2015). The captive breeding of zebra pleco is important not 
only from a preservation perspective, that is, for the protection of 
natural fish stocks, but also for the supply of the ornamental fish 
market which is under constant expansion worldwide (ITC, 2018; 
MDIC, 2017). Hence, basic information about the feeding manage‐
ment of this species should be made available. In nature, the zebra 
pleco diet encompasses a broad feed spectrum, including a high fre‐
quency of small animal‐based feed, periphytic algae, sponges and 
debris (Gonçalves, 2011). Such a high food plasticity allows for a pre‐
sumably easier captive breeding condition, as low‐cost diets made 
of over‐the‐counter and readily available ingredients could be used 
(Gerking, 1994).

Feed preference tests are indicated to provide subsidies for ap‐
propriate diet formulations in captivity (Sullivan, Lawrence, & Blache, 
2016; Volpato, Goncalves‐de‐Freitas, & Fernandes‐de‐Castilho, 
2007), and in addition to the determination of feed preference, fish 
must be reared in the absence of pain and severe stress, for these 
conditions will contribute to an improved welfare status (Volpato 
et al., 2007). In fact, there is an indisputable public concern about 
animal husbandry practices and welfare‐related issues (Huntingford 
et al., 2006). Studies on feed preference and feed management 
strategies have been reported for other endangered aquatic spe‐
cies, as the fish (Chitala chitala; Sarkar et al., 2006) and the axolotl 
(Ambystoma mexicanum; Slight, Nichols, & Arbuckle, 2015).

In addition to the inherent food plasticity of the species, effi‐
cient feed management practices can be cost‐ and time‐effective 
(Carneiro & Mikos, 2005; Crescêncio et al., 2005; Ribeiro, Carvalho 
Junior, Fernandes, & Nakayama, 2008). In this sense, adjusting the 
feeding rate and frequency could secure more positive yields in fish 
farming.

An adequate stocking density is equally important for attaining 
improved yields, as it interferes with feeding behaviour and modu‐
lates animal growth (Lefrançois, Claireaux, Merciel, & Aubin, 2001). 
High stocking densities and overfeeding may impair the water qual‐
ity (Fujimoto, De Castro, De Moares, & Ramos, 2012; Sahoo, Giri, 
Chandra, & Sahu, 2010), reduce nutrient utilization, reproductive 
rates (Papoutsoglou, Tziha, Vrettos, & Athanasiou, 1998) and de‐
crease survival (Ribeiro, Jorge, Fernandes, & Sakomura, 2010; 
Zuanon, Salaro, & Furuya, 2011). However, the increase in stocking 
density of bagrid catfish (Mystus nemurus) promoted higher survival 
rates and reflected a higher productivity per area (Rahmah et al., 
2014). It has been emphasized that higher stocking densities should 
be sought after as it can increase the biomass, and consequently im‐
prove the yields and the financial return (Rahman, Kazi Ahsan Habib, 
Amzad Hossain, Azad, & Rayhan, 2017; Shoko, Limbu, & Mgaya., 
2016).

In this sense, the present study aimed at evaluating the feed pref‐
erence and the effect of different feeding strategies and stocking 
densities on the growth performance of captive zebra pleco H. zebra.

2  | MATERIAL AND METHODS

Three experiments were carried out with adult specimens of zebra 
pleco captured in the municipality of Altamira (State of Pará, Brazil) 
between the locality of Gorgulho de Rita and Vila de Belo Monte 
(authorization SISBIO 38.215–2 and Animal Ethics Committee 
Protocol # 03.14.00.017.00.00). These animals were acclimated in 
the Ornamental Fish Laboratory of the Centre for Environmental 
Studies, North Energy, Vitoria do Xingu ‐ PA, stocked at the density 
of 30 individuals per 200‐L in aquariums equipped with two biologi‐
cal filters at a flow rate of 200 L/hr for 20 days. During the acclima‐
tion period, a preliminary test was carried out with several foods: 
potato, cucumber, pumpkin, lettuce and cabbage, artemia, fish fil‐
lets, shrimp and mussels as well as microalgae. The feed was sup‐
plied in natura, frozen and crushed. Upon administration, the feed 
was weighed and provided in 1 g portions. Feed acceptance was 
evaluated through the observation of active search for feed particles 
and consumption, that is, effective ingestion.

2.1 | Environmental conditions during the 
experiments

Fish were distributed to the experimental aquariums and allowed 
to acclimate for 7 days, using the same feeding regimen of the pre‐
liminary test. A biological filter (100 L/hr) and a heater (100 W) were 
connected to the aquariums which were kept under constant aera‐
tion. Partial water changes of 30% were performed daily for the re‐
moval of uneaten food and faeces.

Water pH, temperature, dissolved oxygen and electrical conduc‐
tivity (Instrutherm™ PH‐1500) were monitored daily. Total ammo‐
nia was monitored each 3 days using spectrophotometry analysis 
(Hanna™ HI 93715).

2.2 | Experiment 1: Feed preference test

From the preliminary tests, the feeds were selected for the defini‐
tive preference assay. A completely randomized design with four 
diets and eight replicates each was used. The diets consisted of the 
following feeds: artemia Artemia sp., shrimp Litopenaeus vannamei, 
mussel Perna perna and fish Cynoscion spp. The feed was frozen, 
crushed and weighed in 1 g portions.

Eight specimens (3.46 ± 0.37 g and 6.52 ± 0.84 cm, adults) were 
randomly selected and individually allocated in each experimental 
aquarium (45 × 45 cm) with 50 L of water (useful volume) with con‐
stant artificial oxygenation and heating to maintain the temperature 
at 28°C. Each aquarium was occupied by one fish only, to minimize 
the effect of competitive interactions among individuals (Ramos et 
al., 2013) and each animal was considered a replicate. To avoid a 
completely barren environment (Ramos et al., 2013), a cross‐shaped 
PVC shelter with 5 cm diameter openings was placed in the centre 
of each aquarium, so the fish could exit in any direction after the 
feed was supplied. Immediately after the fish left the shelter, it was 
removed from the aquarium and the consumption was recorded.
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The feeds were placed in each corner of the aquarium, equi‐
distant from the centre and reallocated daily to avoid place se‐
lection (Figure 1). Twenty feedings per fish were recorded by a 
camera (Logitech C920 Carl Zeiss Tessar, Full HD 1080P 15 MB) 
with time spent feeding being analysed by SACAM software (Jorge 
et al., 2005). The feeding recordings took 1 hr, twice a day (8 and 
20 hr) for each specimen after feeds were placed. After each re‐
cording, the aquarium was siphoned and partial water exchange 
was performed.

2.3 | Experiment 2: Feeding rate and 
frequency assay

To refine the feed management, a completely randomized trial was 
carried out in a 3 × 2 factorial scheme with three replicates. A total of 
18 aquariums (60 L useful volume), with six specimens (1.76 ± 0.64 g 
and 5.48 ± 0.67 cm, subadults) each were used. Three feeding fre‐
quencies (one meal: at 8 p.m., two meals: at 8 a.m. and 8 p.m.; and 
three meals: at 8 a.m., 2 p.m. and 8 p.m.) and two feeding rates (5% 
and 10% relative to live weight per day—LW. day−1) were evaluated. 
The preferred feed as per the results from the experiment 1 cor‐
responded to saline brine shrimp, which was used to feed fish for 
60 days.

2.4 | Experiment 3: Stocking density assay

The best results from the previous experiments were used in 
the stocking density assay. A total of 150 animals (1.71 ± 0.23 g 
and 5.54 ± 0.17 cm, subadults) were used in 12 aquariums with 

30 L of water (useful volume). Feeding was done with saline brine 
shrimp twice a day at 10% LW. day−1. Four stocking densities, 
0.25; 0.50; 1.00; and 2.00 g/L in triplicate, were evaluated for 
60 days.

2.5 | Evaluation of growth performance

At the end of experiments 2 and 3, all fish were measured and weighed 
to calculate the weight gain (WG = final weight - initial weight), length 
gain (LG = final length - initial length), specific growth rate by weight 
(SGRw=100× ( ln finalweight∕ ln initial weight)∕days of experiment) 
and length (SGRl=100× ( ln final length− ln initial length)∕days of experiment), 
uniformity in weight (UW) and length (UL; Furuya, Souza, Furuya, 
Hayashi, & Ribeiro, 1998) and relative condition factor (Kr = ob‐
served weight/expected weight; Le Cren, 1951). Furthermore, the 
survival rate was calculated at the end of the experiment.

2.6 | Statistical analysis

Preference feed data were submitted to the non‐parametric Kruskal–
Wallis test and the medians were compared by Dunn's test. After 
the verification of the normality and homoscedasticity premises 
(Shapiro–Wilk and Bartlett's test, respectively), growth performance 
data in experiment 2 were submitted to two‐way ANOVA (p < 0.05) 
followed by post hoc Tukey's test (p < 0.05), with feeding rate and 
frequency being considered as factors. Growth performance as af‐
fected by distinct densities was analysed through one‐way ANOVA 
followed by Tukey's test (Zar, 1999). The results are presented as 
mean ± standard deviation (SD). All statistical analyses were per‐
formed using ASSISTAT 7.7 Software (Silva & Azevedo, 2016).

3  | RESULTS

The water quality parameters from all experiments are presented 
in Table 1.

In the preliminary feed preference test (acclimation period), the 
vegetables were not consumed by the fish, except for the potato in 
rare occasions. The fish did not present buccal scraping movements 
upon the feeds; however, animals did consume the surrounding feed 
particles.

In the definitive feed preference test (Experiment 1), the zebra 
pleco showed preference for artemia (higher median in feeding time) 
followed by fish, shrimp and mussels (Table 2).

No significant interaction occurred between feeding frequency 
and rate (FF × FR, p > 0.05). The animals fed twice daily had higher 
WG and LG (Table 3), and the fish submitted to the feeding rate of 
10% LW day−1 presented higher (p < 0.05) length gain than those fed 
5% LW day−1.

In the experiment 3, only SGRw and SGRl presented significant 
differences with higher values observed at the density of 2 g/L 
(Table 4).

During the experimental period, no mortality was observed.

F I G U R E  1   Schematic diagram of the experimental setup. The 
camcorder camera (W) was positioned at the centre of the set. The 
PVC (S) shelters were placed at the centre of each aquarium and the 
feed was provided to all four corners. Feed evaluated: Artemia (A), 
Shrimp (S), Mussel (M) and Fish (F)
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4  | DISCUSSION

Adequate nutrition and feeding of captive fish, mainly those under 
the risk of extinction, are important to secure welfare and successful 
breeding programmes, which in turn, could represent the continued 
existence of natural stocks and supply of the ornamental fish trade.

Feed preference tests allow for the identification of suitable al‐
ternative feeding of captive wild specimens (Dawkins, 2006; Sullivan 
et al., 2016), whereas better feed management practices will lead 
to improved zootechnical performance and yields (Jomori, Carneiro, 
Malheiros, & Portella, 2003).

TA B L E  1   Mean values (±SD) of pH, temperature (°C), dissolved oxygen (DO mg/L) conductivity (µS/cm) and total ammonia nitrogen 
(TAN) (NH4

+ + NH3
–	−	N	mg	L–1) from Hypancistrus zebra experiments

Experiments pH Temperature DO Cond. TAN

Feed preference 6.21 ± 0.26 27.5 ± 0.8 6.92 ± 0.14 11.75 ± 1.46 0.09 ± 0.02

Feed management 7.23 ± 0.56 28.6 ± 0.5 7.05 ± 0.71 12.63 ± 0.06 0.05 ± 0.07

Stocking density 7.01 ± 0.78 28.6 ± 0.6 7.12 ± 0.38 14.22 ± 0.13 0.02 ± 0.02

TA B L E  2   Feeding time (in minutes) of Hypancistrus zebra on 
different diets

Feeds

Feeding time (min)

Median Z p‐Value

Artemia 15.5 a 9.64 0.033

Fish 10.8 b 5.00 0.997

Shrimp 9.9 b 2.57 0.690

Mussel 8.1 b −0.6 0.047

Note: Medians in the same column with distinct letters differ from each 
other by Dunn's test.

TA B L E  3   Mean values (±SD) of weight (WG) and length gains (LG), specific growth rate for weight (SGRw) and length (SGRl), uniformity 
in weight (UW) and length (UL), relative condition factor (Kr) and survival (S) of Hypancistrus zebra juveniles submitted to different feeding 
rates and frequencies

Feeding 
frequency WG (g) LG (cm) SGRw SGRl UW UL Kr S

1 × day–1 0.50 ± 0.06b 0.74 ± 0.07b 5.4 ± 0.10 6.42 ± 0.01 58.3 ± 33.3 100 0.95 ± 0.04 100

2 × day–1 0.97 ± 0.04a 1.09 ± 0.26a 5.52 ± 0.04 6.45 ± 0.03 41.6 ± 16.6 100 1.03 ± 0.1 100

3 × day–1 0.71 ± 0.10ab 0.90 ± 0.13ab 5.55 ± 0.27 6.48 ± 0.07 74.98 ± 8.3 100 0.97 ± 0.04 100

Feeding rate         

5% LW day–1 0.76 ± 0.07a 0.79 ± 0.19b 5.44 ± 0.14 6.44 ± 0.05 61.1 ± 8.4 100 0.84 ± 0.07 100

10% LW day–1 0.68 ± 0.09a 0.95 ± 0.16a 5.56 ± 0.15 6.47 ± 0.05 66.6 ± 30.6 100 0.81 ± 0.05 100

p value         

FF 0.0251 0.0077 0.5485 0.6888 0.5603 – 0.5493 –

FR 0.2562 0.0152 0.6850 0.5364 0.5221 – 0.7482 –

FF × FR 
(interaction)

0.1547 0.5631 0.6895 0.5475 0.5985 – 0.5862 –

Note: When present, different letters in columns denote significant differences after two‐way ANOVA and Tukey's test at 5% probability.

TA B L E  4   Mean values (±SD) of weight (WG) and length gains (LG), specific growth rate for weight (SGRw) and length (SGRl), uniformity 
in weight (UW) and length (UL), relative condition factor (Kr) and survival (S) of Hypancistrus zebra juveniles submitted to different stocking 
densities

Densities WG(g) LG(cm) SGRw SGRl UW UL Kr S

0.25 g/L 0.59 ± 0.02 0.93 ± 0.15 5.04 ± 0.05c 6.28 ± 0.01c 73.3 ± 11.5 100 1.04 ± 0.03 100

0.50 g/L 0.67 ± 0.08 0.87 ± 0.16 5.11 ± 0.1bc 6.32 ± 0.03bc 71.4 ± 6.4 100 0.93 ± 0.05 100

1.00 g/L 0.70 ± 0.02 1.12 ± 0.13 5.26 ± 0.02b 6.35 ± 0.01b 68.8 ± 7.6 100 1.03 ± 0.04 100

2.00 g/L 0.84 ± 0.02 1.31 ± 0.11 5.65 ± 0.01a 6.48 ± 0.01a 78.3 ± 7.6 100 1.01 ± 0.02 98.3

Note: Different letters in columns indicate significant differences after one‐way ANOVA and Tukey's test at 5% probability.
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Zebra pleco did not consume vegetables in this study, in‐
stead, it preferred Artemia sp. This feed preference is in line with 
the reports of Seidel (1996), who observed a predominant animal‐
based feed consumption of artemia, Daphnia sp. and bloodworms 
(Chironomidae) in this fish species. Gonçalves (2011) found 12 feed 
items in the wild zebra pleco digestive tract, seven of which corre‐
sponded to feed from animal origin, and two from vegetable‐related 
sources, which corroborate the preference of zebra pleco for animal‐
based feed. The presence of sand, debris and unidentified material 
was also reported.

Other Loricariids such as Farlowella sp., Rineloricaria heteroptera 
and Ancistrus sp. (Sabino & Zuanon, 1998), Hisonotus sp., Hypostomus 
ancistroides and Hypostomus nigromaculatus (Casatti, Langeani, & 
Castro, 2001) and Hypostomus pyrineusi, Panaque nocturnus, P. cf. ni-
grolineatus and Pterygoplichthys disjunctivus (German, 2009) showed 
distinct feeding habits, consisting mainly on plant‐based diets. 
Usually, the Loricariids use their disc‐like modified lips for their fix‐
ation, scraping of the substrate and grazing of the algae adhered to 
rocks and trunks (Abelha, Agostinho, & Goulart, 2001; Casatti et al., 
2001; Garavello & Garavello, 2004; Mazzoni, Rezende, & Manna, 
2010; Sabino & Zuanon, 1998). Differently, the zebra pleco used the 
oral disc for fixation but not for scraping the feed, showing prefer‐
ence for the consumption of small surrounding feed particles.

Higher frequencies of feeding (two and three daily feeds) pro‐
moted an improved zootechnical performance compared to fish fed 
only one time day−1. These results corroborated studies on other 
species from the Siluriformes order, as Pseudoplatystoma corruscans, 
to which the feeding frequency of two times day−1 is routinely used 
in semi‐intensive and intensive rearing systems (Liranço, Romagosa, 
& Scorvo‐Filho, 2011). Two daily feeds were also indicated for a bet‐
ter larvae development of Rhinelepis aspera (Loricariid; Luz & Dos 
Santos, 2010).

The best feeding rate for zebra pleco (10% LW day−1) was similar 
to that of the ornamental fish Trichogaster trichopterus, where the 
feeding rate of 9% LW day−1 promoted the highest values of length 
gain (LG), weight gain (WG), specific growth rate (SGR) and condition 
factor (Kr; Zuanon, Assano, & Fernandes, 2004). Adequate stocking 
density is essential for the successful captive breeding of fish, since 
excessive crowding can render animals stressed (Conte, 2004), dete‐
riorate the water quality (Sahoo et al., 2010), negatively affect health 
(Nomura et al., 2013), impair growth performance (Fujimoto et al., 
2012; Iwama, Afonso, Todgham, Ackerman, & Nakano, 2004) and in‐
crease the nutritional requirement (Lefrançois et al., 2001). However, 
in the highest density tested, no negative effects were observed in 
the growth and survival of zebra pleco in captivity conditions.

While studies on adequate stocking densities for the rearing of 
juvenile loricariids are scarce, it is widely accepted that the stocking 
density under captivity is expected to be at the highest to optimize 
the production costs (Ayroza, Romagosa, Ayroza, Scorvo Filho, & 
Salles, 2011; Zuanon et al., 2011). Densities used in this study were 
not sufficient to result in poor water quality or negatively impact 
zebra pleco growth. In species such as the African catfish (Clarias 
gariepinus), the stocking density of 3.95 g/L allowed for an increased 

final weight when compared to a higher density of 7.9 g/L (Hossain, 
Beveridge, & Haylor, 1998). Herein, the density of 2 g/L was suitable 
for the maintenance of the captive zebra pleco. Nevertheless, other 
stocking densities should be investigated to evaluate if even higher 
densities could allow for the maintenance of a good growth perfor‐
mance or otherwise, would negatively affect zebra pleco growth. 
Further studies on specific and balanced feed composition and for‐
mulation to the different developmental stages of zebra pleco are 
necessary to refine and optimize the rearing of this fish.

5  | CONCLUSION

Under the experimental conditions used herein, zebra pleco H. zebra 
presented feed preference for artemia, and captive individuals 
should be maintained at a density of 2 g/L, fed two times a day, 
using a feeding rate of 10% live weight day−1 for an improved rearing 
condition of this fish, which is an endemic and endangered Amazon 
species.

Our findings add crucial information to the still scarce body of 
knowledge regarding the adequate management of this species and 
could assist in the supply of healthy specimens to the ornamental 
fish market as well as future governmental programmes for the re‐
stocking of declining wild populations.
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