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Abstract: A 15 day rearing trial was undertaken to determine the influence of rearing tank color on the survival, growth 
and whole body physiological indices of stress in the larvae of yellow catfish, Pelteobagrus fulvidraco. Early larvae 
(4dph) reared in tanks of five different colors (dark blue, black, light green, white and maroon) and fed with freshly 
hatched Artemia nauplii showed significant differences among treatments with regard to survival and growth. High sur-
vival and weight gain were observed among larvae reared in tanks with dark blue and black background. Elevated levels 
of immunoreactive corticosteroid (IRC), glucose and lactate as well as decreased lysozyme activities were observed in 
larvae reared in light green and maroon colored tanks throughout the trial, indicating a state of chronic stress. The pre-
sent study provides the first evidence on the importance of background color during the larviculture of yellow catfish, 
Pelteobagrus fulvidraco and indicates that dark blue and black are ideal as tank colors to improve survival and growth in 
early larvae. 
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Intensive hatchery operations often expose fishes to 
various kinds of stressors. These factors influence the 
success of rearing operations and affect larval survival, 
development and growth, and also have a bearing on the 
health of the resultant fry and juveniles. Hatchery related 
stressors could be acute (transportation, handling, grad-
ing and vaccination) as well as chronic (water quality, 
crowding and light). These factors, either individually, or 
in combination are known to elicit different kinds of 
stress responses affecting the survival, development and 
health of the fish [1]. Rearing tank color is an important 
factor that influence survival, growth and stress response 
in fish under culture conditions. It has been previously 
observed that rearing tank color could cause a consider-
able level of stress to fish such as tiger puffer [2], com-
mon carp [3] and tilapia [4]. Research has linked tank color 
to neural and hormonal processes, behavior and feed 
acceptance or, to their combined effects in many species 
of fish [5—7]. Although research on the influence of tank 
color in culture conditions is available [8—10], much of 

these have focused on marine species, and information 
pertaining to freshwater species is scarce. In addition, 
compared to adult or juvenile fish, information on larval 
performance vis-a-vis tank color is very limited.  

The yellow catfish, Pelteobagrus fulvidraco, is one of 
the most important and highly preferred freshwater cat-
fish in China. The high dress-out weight, less intramus-
cular bones, delicious flavour, nutritional value, recu-
perative and medicinal properties, and a ready market 
acceptance has made P. fulvidraco highly popular not 
only in China but also in Japan and Korea [11]. Increasing 
demand for this species has resulted in the development 
and intensification of aquaculture operations and several 
hatcheries throughout China now produce larvae for pond 
stocking. Previous research on P. fulvidraco has focused 
on general embryonic development [12], nutrition [13—15] 
and diseases [16]. However, fundamental information on 
better management practices for both larval and grow-out 
culture is still absent and basic research still need to be 
undertaken to identify, and study the influence of various 
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environmental and husbandry related factors affecting 
survival and growth in this species.  

Our present experiment was driven by the hypothesis 
that certain tank colors could cause chronic stress for the 
yellow catfish, Pelteobagrus fulvidraco, affecting its 
survival, health and development during early larval 
rearing.  

1  Materials and Methods  
1.1  Experimental design, rearing system, animals 

and husbandry 
Early larvae (2dph) of the yellow catfish, Pelteoba-

grus fulvidraco, obtained from a hatchery at Jinzhou, 
Hubei Province, China, were transferred to the experi-
mental laboratory at the Institute of Hydrobiology, Chi-
nese Academy of Sciences, Wuhan, China, where the 
rearing trial was subsequently carried out. After trans-
portation to the laboratory, larvae were kept in the dark 
for 48h prior to starting the rearing trial in an indoor re-
circulation freshwater system, provided with mechanical 
and biological filters, UV-sterilizer and compressed air 
supply.  

A single-factor experimental design was used to 
evaluate the influence of rearing tank color on the early 
larvae of P. fulvidraco. Fifteen 120 L glass tanks (with 
100 L of water) stocked with 1050 larvae each were used 
for the trial. Water-proof colored papers were used as 
background for the rearing tanks. The five colors were 
black, dark blue, light green, white and maroon. Three 
replicates were used for each of the five color treatments 
(n =15; 5×3).  

Rearing trial was started on the fourth day post hatch 
(4dph) and lasted for 15 days (larvae were hence 19dph 
at the end of the experiment). Fifty larvae (n=50) were 
collected from all the rearing tanks and weighed prior to 
starting the trial. Larvae in each of the rearing tanks were 
fed with live food (newly hatched Artemia nauplii) to 
satiation four times daily at 08:45, 12:15, 15:45 and 
19:15. Uneaten feed as well as unhatched Artemia eggs 
were siphoned out from the tanks approximately one 
hour after each feeding. Dead larvae were collected from 
the tanks during each of the cleaning operation and sub-
sequently counted to calculate the survival.  

Temperature was maintained at (28.5 ± 1)℃ and 
oxygen varied between 6 and 7 mg/L. Total ammonia- 
nitrogen [(NH4

 + NH3)-N] was always maintained below 
0.5 mg/L and the pH-value varied from 6.5 to 6.8. A 
photoperiod of 12L∶12D cycle (light period from 08:30 
to 20:30) was maintained throughout the duration of the 
experiment.  
1.2  Sampling and analyses 

Most often, physiological indicators of stress are de-
termined by analyzing their levels in blood sample. Since 

the present experiment was carried out by using early 
larvae, it was impossible to obtain blood samples for 
such an analysis. We therefore used whole body levels of 
physiological parameters determined from homogenates 
as indicators of stress. Whole body levels have been pre-
viously reported to be a reliable indicator of stress re-
sponse in many species of fishes [17—19].  

Larvae from each tank were sampled on day 5, 10 and 
15 for recording their weight as well as for analysis of 
whole body cortisol, glucose, lactate and lysozyme levels. 
Sampling was carried out in the early hours of the morn-
ing between 07:30 and 08:30, after larvae were anaesthe-
tized in MS222 bath (25 mg/L) and transferred to poly-
propylene tubes and deep frozen (−70℃) until further 
processing. Frozen larval samples were thawed, weighed, 
minced and placed in 4 mL polypropylene tubes. The 
samples were then homogenized by adding 0.02 M 
Phosphate Buffer Solution (PBS) using a hand homoge-
nizer. The larval homogenates were subsequently centri-
fuged (4000 g) for 20 min at 4℃. The supernatants, free 
from lipid layer, were used for determining levels of 
glucose, lactate, lysozyme and cortisol.  

Steroid data obtained from extracts of whole-body 
homogenates were normally reported as immunoreactive 
corticosteroid concentrations (IRC). IRC levels were 
determined by Radio Immuno Assay (RIA) at the Nu-
clear Medicine Unit of the Renmin Medical College, 
Wuhan University, Wuhan, China, after preliminary ex-
traction process using a commercially available cortsiol 
kit (Beijing North Biotechnology Institute, China). Com-
mercially available laboratory assay kits were used to 
determine whole body levels of glucose (Shanghai Rong-
sheng Biotechnology Company, China), lactate and lyso-
zyme (Nanjing Jiancheng Bioengineering Institute, 
China). 

The effect of different treatment variables on the lar-
val survival (%), weight gain (mg) and specific growth 
rate (SGR %/day) were also determined. Mortality was 
estimated daily by counting all dead fish removed from 
the tanks during cleaning. Final observed survival was 
estimated taking into account the daily counting of the 
dead larvae and the number of larvae removed for sam-
pling purposes. All data were analyzed by one way 
ANOVA followed by Duncan’s test using STATISTICA 
6.0 program for Windows. Results are expressed as mean 
± SE. We used a significance level of P < 0.05.  

2  Results  
2.1  Activity and body color 

Daily observations of the rearing tanks indicated that 
larvae reared in dark blue and black tanks were more 
active and evenly distributed in the water column than 
those reared in light green and maroon tanks. In addition 
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we observed that larvae in light green and maroon tanks 
were more or less confined to the bottom of the tank and 
were rising up only at feeding time, while large numbers 
of larvae were seen to accumulate along the walls and 
edges of the tank. After the termination of the experiment, 
larvae reared in white, light green and maroon colored 
tanks appeared paler than those reared in darker back-
grounds (black and dark blue), which appeared darker 
and black.  
2.2  Survival and growth 

Data on survival and growth (Tab. 1) indicated that 
tank color has a profound influence on these parameters 
during the larval rearing of P. fulvidraco. The highest 
survival (94.33 ± 0.63)% was observed among the larvae 
in dark blue colored tanks and the lowest among those 
reared in light green colored tanks (67.83 ± 2.33)%. A 
general trend was that larvae reared in dark blue, black 
and white background showed better survival than those 
from light green and maroon tanks (Tab. 1).  

 
Tab. 1  Survival and growth of early larvae of yellow catfish, 
Pelteobagrus fulvidraco reared in different color tanks for 15 days 

Tank color Survival (%) Weight gain1 (mg) SGR2 (%/d) 

Dark blue 94.33±0.63a 37.98±0.21a 20.60±0.03a

Black 85.23±7.32a 38.13±0.83a 20.62±0.14a

White 90.73±0.50a 28.88±0.52b 18.84±0.11b

Light green 67.83±2.33b 21.53±0.89c 17.02±0.25c

Maroon 73.70±2.28b 20.49±0.99c 16.71±0.29c

Note: All values are mean ± SE (n=3); Means followed by different 
superscript letters are significantly different (P<0.05); 1. Weight gain 
(mg) = Final body weight (mg) – Initial body weight (mg); 2. SGR 
(Specific growth rate) %/d = 100 (ln Final body weight – ln Initial body 
weight) /trial duration (days) 

 
Data for weight gain and growth rate (expressed as 

specific growth rate-SGR %/day) also showed significant 
differences among different treatments. Larvae from dark 
blue and black backgrounds had a significantly higher 
weight gain compared to those from white, light green 
and maroon backgrounds (Tab. 1). As with survival, lar-
vae from tanks with light green and maroon background 
showed poor weight gain and SGR. Although there was 
no significant differences in survival rates among larvae 
grown in black, dark blue and white background (P 
>0.05), weight gain and SGR in larvae from white col-
ored tanks was significantly different (P < 0.05) from 
those reared in blue and black tanks (Tab. 1).  
2.3  Indices of stress response 

Elevated and significantly higher (P < 0.05) whole 
body IRC levels were observed in larvae reared in green 
and maroon colored tanks throughout the trial (Fig. 1). 
The IRC levels among larvae sampled from light green 
and maroon colored tanks were three to four fold the 

levels of those in the blue, black and white tanks throu-
ghout the 15 day trial. Significant differences (P < 0.05) 
in whole body glucose levels were also observed among 
the different treatments (Fig. 2) and indicated a similar 
trend as with the IRC. Whole body glucose showed 
higher values from larvae reared in light green and ma-
roon tanks when compared to the other groups through-
out the trial. Larvae originating from light green and 
maroon tanks also had higher whole body lactate levels 
when compared to other groups (Fig. 3). Whole body 
lysozyme levels in larvae reared in light green and ma- 
roon tanks were significantly lower (P < 0.05) than those 

 

 
 

Fig. 1  Immuno Reactive Corticosteriod (IRC) levels in early larvae of 
Pelteobagrus fulvidraco reared in different color tanks for 15 days 
Values are mean ± SE. Different superscript letters denote differences 
between treatments on sampling days 5, 10 and 15; the same bellow 
 

 
 

Fig. 2  Whole body glucose levels in early larvae of Pelteobagrus 
fulvidraco reared in different color tanks for 15 days 
 

 
 
Fig. 3  Whole body lactate levels in early larvae of Pelteobagrus 
fulvidraco reared in different color tanks for 15 days 
Different superscript symbols (*) denote differences within a treatment 
on sampling days 5, 10 and 15; the same bellow  
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reared in the white, blue and black tanks (Fig. 4). 
Values of IRC and whole body glucose in the different 

treatments varied significantly (P < 0.05) between the 
sampling days. Significant differences were also ob-
served in the whole body lactate and lysozyme levels 
within various treatments on the different sampling days 
(Fig. 3 and Fig. 4). 
 

 
 
Fig. 4  Whole body lysozyme levels in early larvae of Pelteobagrus 
fulvidraco reared in different color tanks for 15 days 
 

2.4  Relationship between growth and physiological 
indices 

The relationship between various whole body physio-
logical indices and larval body weight were described in 
Fig. 5. The relationship between body weight and IRC 
(Fig. 5A) was marked more than those of body weight 
with glucose (Fig. 5B), lactate (Fig. 5C) and lysozyme 
(Fig. 5D). 

3  Discussion  
Rearing tank color has been considered to be an im-

portant factor influencing larval rearing success in aqua-
culture. Our results also substantiate the fact that rearing 
tank color affects the survival and growth of fish, 
through increasing the stress. In general, a clear affinity 
to darker backgrounds was observed, with the larvae 
reared in tanks with dark blue and black backgrounds 
performing better than those reared in white, light green 
and maroon backgrounds. Suppression of growth, as an 
indicator of chronic stress in fish [20], was observed 
among larvae reared in maroon and light green back-
grounds. The reduced growth could be attributed to the 
mobilization of energetic input of food and the corporal 
reserves by the physiological alterations caused by the 
stress condition [21]. 

One of the most important mechanisms affecting the 
survival and growth of fish by rearing tank color is the 
regulation of hormones - especially those relating to 
stress [3]. The fact that a range of endocrine (IRC), 
physiological (glucose, lactate) and immunological (ly-
sozyme) parameters were altered in the larvae reared in 
light green and maroon tanks in the present study clearly 
indicated the stressful nature of these colors to the larvae 
of P. fulvidraco. 

 
 

Fig. 5  Relationships between larval body weight and whole body IRC 
levels (A), glucose levels (B), lactate levels (C), lysozyme levels (D) at 
day 15 

 
During chronic stress in fish culture, there are often 

characteristically high circulating levels of cortisol [22]. In 
the present study, elevated levels of cortisol (measured as 
IRC) were continually observed in the larvae reared in 
light green and maroon tanks throughout the experiment, 
which were often three to four folds higher than those 
observed in larvae reared in dark blue and black tanks. 
Such continuous elevations in cortisol levels in response 
to a chronic stressor over a three week period has been 
earlier observed in Ayu, which were three to five folds 
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the value in control/unstressed treatments [23]. 
Since the best survival and growth performance was 

achieved in the larvae reared in the dark blue colored 
tanks, we used the same as a control (unstressed treat-
ment) to compare the IRC values to the other treatments 
as well as previous studies. Our data on the IRC levels in 
control (dark blue) tank was comparable to previous 
studies on whole body cortisol levels (resting levels) in 
developing Japanese flounder [24], chum salmon [25] and 
Atlantic cod [18]. The IRC values in stressed fish (maroon 
and green tanks) in the present study are also comparable 
to the results on larvae of Atlantic cod [18].  

The primary stress response in fish is known to fur-
ther trigger and leads to sequential secondary responses 
(e.g., increases in plasma glucose, hematocrit, lactate, 
heart rate, metabolic rate, decreases in plasma chloride, so-
dium, potassium, liver glycogen, and muscle protein) [26, 27]. 
Whole body levels of glucose have been observed to 
increase [28] or decline [17] post stress. One reason sug-
gested by Pottinger et al. [17] for the reduction in glucose 
levels following stress was the absence of feeding during 
the experiment. However, in the present study, larvae in 
all treatments were fed newly hatched Artemia continu-
ally and may have been one reason for the increased 
glucose level in response to stress. The inter-species dif-
ferences in glucose utilization could also be another pos-
sibility for the differential trends (higher and lower val-
ues) in whole body glucose levels post stress [17]. Stress 
has profound effects on metabolism and is therefore rea-
sonable to anticipate that these effects can be detected at 
the whole-body level [17]. Therefore, the increased values 
of whole body glucose levels in the larvae reared in light 
green and maroon colored tanks could be an indication of 
the fact that the fish in these tanks were under a consid-
erable degree of stress.  

The level of tissue lactate content acts as an index of 
anaerobiosis, which might be beneficial for the animal to 
bear hypoxic condition [29]. Tissue lactate levels in fish 
are known to increase post stress [30]. The increase in 
tissue lactate content may also be due to its involvement 
in osmoregulation. During stress, a decrease in osmolar-
ity of internal body media of the animal by loss of mono- 
as well as divalent cations is known to take place and is 
generally compensated with the increase of organic ions 
like lactate [31]. In the present study, whole body lactate 
levels were seen to increase in the larvae reared in light 
green and maroon colored tanks.  

Immune system can be severely affected by various 
stress conditions [32, 33]. In larval stage, lysozyme is one 
of the most important proteins involved in non-specific 
defences, when the specific immunological response is 
yet to be developed [34]. Stress is known to decrease [35, 36] 
or increase lysozyme activity [37, 38] in fish. Because 
stress is known to reduce physiological condition and 

increase susceptibility to disease in fish [39], lysozyme 
activity could be used as a valuable indicator of the 
health (immunity) status of the fish. The lower lysozyme 
activity among larvae reared in maroon and light green 
color tanks supports the corresponding data on high 
mortality and reduced growth observed in these tanks 
since the larvae could have been susceptible to secondary 
infection due to lower immunity.  

There were no significant differences in the values of 
IRC and whole body glucose within various treatments at 
the three sampling days. The fact that values for these 
two important stress indices showed no significant de-
cline at 15 days when compared to day 5 and 10 could 
indicate that the larvae did not show any adaptation to 
the rearing tank color until 15 days.  

The relationship of whole body IRC to body weight 
was more prominent than those involving whole body 
glucose, lactate and lysozyme, signifying the important 
relationship that has been already established between 
whole body cortisol levels and growth [40, 41].  

The reduced survival and weight gain in green and 
maroon tanks may also be attributed to the poor food 
particles to background contrast [42] leading to insuffi-
cient food intake. Larvae reared in dark blue and black 
tanks were more active and evenly distributed in the wa-
ter column than those reared in light green and maroon 
tanks. In addition we observed that larvae in light green 
and maroon tanks were more or less confined to the bot-
tom of the tank and were rising up only at feeding time, 
while some were seen constantly attached to the edges 
and sides of the tank walls. Martin-Robichaud and Pe-
terson [43] reported that the distribution of larval striped 
bass was more homogeneous throughout the water col-
umn in black tanks when compared to lighter colored 
tanks. Larvae that aggregate along the wall may experi-
ence body damage due to abrasion as well as forage 
poorly and their growth and survival could be severely 
affected [44]. In addition, larvae accumulating at the bot-
tom are more susceptible to bacteria. Because of these 
factors, many culturists recommend the use of black 
colour tanks for larval rearing [45].  

Literature suggests contrasting evidence regarding 
ideal background colors for rearing fin-fishes. White 
colored tanks have been observed to be both positively [3] 
and negatively [5] related to behavior, growth and devel-
opment. Larvae of some species like turbot [46] and stri-
ped bass [43] showed better survival and growth perform-
ance when reared in dark tanks while others including 
Eurasian perch [42] showed more affinity to the lighter 
tanks. There are also quite a few neutral species that seem 
to have no particular affinity to both light or dark colored 
tanks like Atlantic salmon [47] and African catfish [48].  

Larvae of common carp reared in green colored tanks 
had higher levels of cortisol indicating they were stress- 
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ed [3]. Rearing tanks provided with green light was also 
observed to be highly stressful for Nile tilapia [49]. A 
similar opinion by Barcellos et al. [50] suggested that green 
illumination provided in tanks for rearing silver catfish, 
Rhamdia quelen, resulted in an extremely negative in-
fluence on survival and growth. Brown tanks were found 
to induce agonistic behavior and increased stress respon-
se (through elevated cortisol levels) in Nile Tilapia [51]. 
Rearing tanks lit with blue color light has been reported 
to reduce stress in Nile tilapia [49]. The above mentioned 
observations on the negative influence of green and 
brown colored tanks and better results with blue colored 
ones agree with our present study. However data from 
Rabbani and Zeng [52] on the mud crab Scylla serrata 
suggested that crustacean larvae reared in green and ma-
roon colored tanks showed higher survival when com-
pared to those reared in white, blue and black tanks. 
Comparable results on the efficacy of green colored 
tanks were observed by Yasharian et al. [53] with the lar-
vae of freshwater prawn, Macrobrachium rosenbergii. 
These observations therefore indicate that the preference 
for different background colors is species specific.  

4  Conclusions  
The present trial has demonstrated that rearing tank 

color is an important physical stressor for the early larvae 
of the yellow catfish, Pelteobagrus fulvidraco. Larvae of 
the yellow catfish showed higher survival and growth 
when reared in dark blue or black colored tanks, moder-
ate growth and survival when reared in white tanks and 
poor survival and growth when reared in maroon and 
green tanks. Light green and maroon tanks should be 
hence considered stressful for this species and avoided 
for larval rearing as they have been found to incite a 
stress response leading to reduced survival and growth. 
This information could be of potential use to both small 
scale as well as commercial hatchery operators breeding 
the yellow catfish in the region.  
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养殖箱颜色对黄颡鱼早期仔稚鱼存活和生长的影响 

P. Rajeev Raghavan1, 2  朱晓鸣1  雷  武1   
韩  冬1  杨云霞1  解绶启1 

(1. 中国科学院水生生物研究所, 淡水生态与生物技术国家重点实验室, 武汉 430072;  

2. 中国科学院大学, 北京 100049) 

摘要： 以孵化 4天(4dph)的黄颡鱼 Pelteobagrus fulvidraco仔鱼为对象, 通过 15d的养殖实验, 探讨养殖箱颜色

对其存活、生长和鱼体生理指标的影响。实验鱼养殖在 5种不同颜色(深蓝、黑色、亮绿、白色和褐色)的养殖箱

中, 以新鲜孵化的卤虫投喂。实验结果显示, 不同养殖缸的背景颜色显著影响(P < 0.05)了黄颡鱼仔稚鱼的存活和

生长。养殖在深蓝色和黑色背景养殖箱中的黄颡鱼的成活率和增重最高; 在亮绿和褐色背景中, 鱼体的皮质醇 

(IRC)、葡萄糖和乳酸水平显著升高, 而溶菌酶活性下降, 这表明鱼体处在一种慢性应激状态。研究结果表明在黄

颡鱼仔鱼培育阶段, 养殖背景色非常重要, 深蓝和黑色背景有利于提高黄颡鱼仔稚鱼的成活率和生长。 

关键词：生长; 仔稚鱼; 黄颡鱼; 养殖箱颜色 


