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Abstract 

The experimental design and the execution of the study was carried out in the ZAE 

(Experimental Aquarium and Chamber Facility) of the Sciences Marine Institute of Barcelona 

(ICM), wherein the student collaborated to complete an experiment carried out in the Biology 

Reproduction Group (GBR) during the summer period, starting at the end of June until early 

September 2016.  

The experimental study carried out in zebrafish (Danio rerio) aimed to analyze and compare the 

survival, growth and sex ratio differences between two thermal treatments. Fish were subjected 

either at 28ºC (low temperature, LT) or at 36ºC (high temperature, HT), during the period of 18 

to 32 days post fertilization (dpf). The student provided support to assess the thermosensitive 

period studies of eight pairs, and she also contributed in the sampling of one pair (pair A) at 90 

dpf. The results showed that the survival and growth rates were similar in the two groups of 

temperature for all eight pairs analyzed. Sex ratio results showed that the tanks in HT of the pair 

A showed a high significant rate of masculinization (100%) (P < 0.01). It is expected that the 

HT regime during the gonad differentiation period will likely generate a significant 

masculinization in the zebrafish population once fish became adult.  

Moreover, the student concludes that the period spent at ICM has been very useful to be familiar 

with experimental research in Biology.  

Introduction 

The current document reports two months of internship as a student of Bio-systems engineering 

in the Biology Reproduction Group (GBR) directed by Francesc Piferrer, at the Department of 

Research in Marine Renewable Resources in the Science Marine Institute of Barcelona (ICM). 

One of the aims of research of the GBR is studying the variation of the phenotype due to the 

environmental factors and how that affects to the sex determination and sex differentiation 

processes in fish.  

The group is currently working with zebrafish (Danio rerio). This specie is commonly used in 

many research fields but still some mechanisms of the sex determination process as well as sex 

differentiation are still to find out. Zebrafish was selected for the study because it fulfills the 

following conditions as a good animal model for finfish aquaculture research which include, 

among others: i) basic features possessed by important cultured fish, ii) short transparent life 

cycle, iii) easy and inexpensive to breed and iv) many resources (e.g., strains, genome) (Ribas & 

Piferrer, 2014). The GBR is studying zebrafish as an animal model to investigate how the 
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temperature affects the sex differentiation and which are the underlying mechanisms to 

determine the final sex.  

Different types of sex reproduction are found in fish: hermaphroditism, unisexual and 

gonochorism (Piferrer, 2009). Zebrafish is an undifferentiated gonochoristic specie (reviewed in 

Ribas and Piferrer, 2014. This particular type of reproduction means that there is the existence 

of two separated sexes (male or female, that means gonochoristic), with the particularity that all 

subjects are born first as a female type and after the period of gonadal differentiation some fish 

will remain as female and some will turn into male (Piferrer, 2009). It is though that 

domesticated zebrafish process of gonad differentiation is determined by a genotypic sexual 

determination (GSD) that is sensible to environmental conditions (Ospina-Álvarez & Piferrer, 

2008). 

In nature, the sex ratio between the two genders is usually 1:1, but as fish are poikilothermic 

organisms, temperature is a factor that influence them (Piferrer, 2009). During the 

thermosensitive period when the gonad is differentiating, environmental effects such as 

temperature, are known to influence and can determine the final sex in a population (Piferrer, 

2009). Moreover, it is of note that the sex determination of zebrafish is complicated. At time to 

determine sex, different genetic strains of zebrafish follow different genetic mechanisms 

(Wilson et al., 2014). In recent studies it has been studied that wild strains follow a 

chromosomal system (ZW/ZZ) while domestic strains do not (Wilson et al., 2014). Due to the 

domestication of zebrafish in the recent years the evolution of new mechanisms of sex 

determination appeared (Wilson et al., 2014). Domesticated zebrafish turned into a polygenic 

system, meaning that inheritance is a cumulative of multiple genes affecting the same phenotype 

(Liew et al 2012). When a large group of genes are involved, is difficult to understand the effect 

of each individual gene and which will be inherited. In addition, it has been observed that 

environment such temperature can cause secondary effects in the offspring sex ratio (Ribas et 

al., unpublished).  

The aim of this study was to understand how temperature influences the sex differentiation in 

zebrafish and also deal with zebrafish as an animal model for research : i) fish husbandry, e.g., 

feeding regime in all stages and chamber maintenance; ii) carrying the experimental design. 

Materials and methods 

Animal used  

Zebrafish were raised in the research facility of the ZAE, located in the ICM, following the 

standard conditions described in the Appendix 1. The duties described in Appendix 1 are the 

basic tasks for maintaining the zebrafish chamber in optimal conditions for the fish welfare.  
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Husbandry  

One male and female zebrafish were selected and separated individually. In order to produce 

eggs for the experiments, each pair was set up with clean water in a breeding tank containing an 

egg filter and a physical barrier just the day prior to spawn. At the beginning of the light cycle 

of the chamber (early morning), the barrier was removed allowing interaction between male and 

female. Two hours after, the fertilized eggs were collected at the bottom of the tank. 

Eggs were distributed equitably in Petri dishes (40 eggs per dish) with embryonic medium 

(EM), previously prepared (see Appendix 2). Everyday all the chorions and rests of larvae were 

removed and EM was renewed. Once zebrafish achieved 6 dpf, larvae were placed into tanks. 

Water volume level was augmented progressively everyday with clean water in static 

conditions. The tank was cleaned carefully when it was needed. From 10 to 18 dpf the tank was 

installed in the rack system and aerated with oxygen. At 18 dpf, larvae were ready to start the 

experiment (see below in experimental design section).  

When the experiment was finished fish were placed in 2.8L tanks with less than 30 fish per 

tank. In each tank, fish were kept with their correspondent siblings. 

 

Feeding 

The feeding was a mixture of rotifers, Artemia nauplii and commercial diets according of their 

developmental stage (Ribas & Piferrer, 2014). In the case of larvae (from 6 to 18 dpf) food was 

provided constantly. The diet consisted on rotifers plus the required dried food. Once they 

became juveniles (from 18 dpf) the intake of Artemia was reduced three times per day plus the 

required dried food.  

 

Experimental design  

The temperature experiment started when larvae arrived at the age 18 dpf and ended at 32 dpf. 

Fish were placed in tanks, n= 30 larvae of the same family per tank. Tanks were placed in two 

recipients that had different temperature treatments: one of 28ºC (low temperature, LT) and 

another at 36ºC (high temperature, HT). Two technical replicates of tanks of each pair were 

placed for each treatment and if it was not possible to achieve the four tanks (two for LT and 

two for HT) due to the number of larvae at 18 dpf only one tank was set up for LT and two for 

HT. In order not to have only one tank for LT biological replicates was conducted to increase 

the number of tanks for that pair. The tanks were placed in the two recipients in stagnant water 

to create a heat transfer of water more natural and indirect for fish. The two recipients were 

filled with water and a waterproof heater in order to control the temperature of tanks. As all the 

tanks were in static water, each tank had a small aerator that provided oxygen to fish and kept 

them with the requirement of oxygen covered. The required food was provided constantly in 

order to avoid that food was a limiting factor. The cleaning of the tanks was an important factor 
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in order to remove or decrease the levels of toxicity of the nitrogenous compounds excreted by 

fish. In the HT treatment initially at environmental the temperature started as the LT treatment 

but water temperature in the recipient was gradually risen 1.5ºC/day until to achieved 35-36 ºC 

at 22 dpf. At 32 dpf the experiment finished and the water temperature of HT was decreased 

gradually until 28ºC. Once all temperature of both treatments was 28ºC, all the tanks were 

placed into the rack system. 

 

During this period, the experiment design was carried with eight different pairs that were placed 

into 24 tanks in total. 13 tanks were distributed in the LT recipient and 16 groups in the HT. 

Temperature data were annotated three times a day.  

 

Survival 

First, it was done the comparison of survival of fish between the two groups of temperatures 

during the experiment design (18-32 dpf). We counted fish at the beginning of the experiment 

(18 dpf) and at the end (32 dpf) comparing between the two groups of temperatures. The fish 

analyzed were from 8 different pair. In total 24 tanks of fish were counted; 13 tanks of the LT 

and 16 tanks of the HT. 

 

Sampling 

Fish were sacrificed with ice water and; the length (standard length, SL; precision 0.1 cm), body 

weight (BW; precision 0.01 g) and the sex and maturity of the gonad were recorded. The 

sampling was carried out only in Pair A at 90 dpf. In total, 29 fish were determined, 16 in the 

LT group and 13 in the HT. After having determined the sex of each fish, the gonads and part of 

the muscle tissue were extracted and frozen in liquid nitrogen and stored at -80ºC for further 

molecular studies.  

 

Statistical analysis of data 

Chi-square test was used to compare the sex ratio between the two groups. Differences where 

accepted as significant when P < 0.05. The data is represented as percentage of males in the 

different groups of temperature.  

 

Results 

 

From the design experiment, we extracted the first results that were obtained during the period 

that the student was doing the internship. Shown in table 1 we can see the accumulation of 

degrees during the longevity of the experiment from each of the groups of the eight pairs in low 
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and high temperature. The accumulated degrees in HT was bigger than in LT, as it was 

expected. Moreover the recount of initial fish (ni) and the fish survived (nf) was done and is 

shown in figure 1. Figure 1 also shows the percentage of survival during the design experiment 

(18-32 dpf), which in both groups of temperatures was similar (57.2% in LT and 52.5% in HT).  

 

Secondly we analyzed the weight and length at 90 dpf. We were only able to compare the males 

because in the HT there were no females. Fish that were exposed to LT were bigger than the 

ones exposed in HT (figure 2 and 3). The mean differences between the two temperature groups 

in terms of length and weight were 0.1551 cm in standard length (SL) and 0.0007 g in weight 

(W), respectively.  

After 90 dpf, we could observe the results of the temperature experiment performed during 18 to 

32 dpf. The sex ratio, that was the main result to evaluate, is expressed in figure 4. The 

percentage of males in the pair A is 37.5% in the LT with an accumulation in average of 

418.7ºC. In the HT the percentage of males is 100% in the HT with and accumulation in 

average of 509.4ºC in temperature. The Chi-square test showed a significance of 0.01 between 

LT and HT.  

 

Discussion 

 

In our results, studied in 8 pairs, we see that the survival and growth between different groups of 

temperature (HT and LT) are very similar. Survival has been very low in both groups of 

temperature. This fact is an indicator that in general the survival of the period between 18 to 32 

dpf zebrafish is very susceptible.  

 

Moreover, HT during the 18 to 32 dpf period in pair A, affected the sex ratio. As it is seen in 

figure 4 there was a masculinization of 100% in the HT. As zebrafish follows a polygenic 

inheritance, the phenotype can be affected by temperature. (Liew et al., 2012).  

 

Conclusions 

 

Despite the short two-month period, the three principal ideas that we extract from the study are: 

i) The overall survival rate during the period of 18 to 32 dpf of the two groups was rather low ii) 

The growth of male zebrafish at 90 dpf studied at two different temperatures (18-32 dpf) were 

not different; and, iii) The temperature was responsible of the masculinization of zebrafish.  
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Tables 

Table 1. Accumulation of degrees for A, B, C, D, E, F, G and H pairs in temperatures of 28 and 

36 degrees, grouped in tanks. Temperature accumulated during the period of 18 to 32 dpf. 

Number of fish in the start of the experiment (ni) and at the end (nf).  

   

Pair Temperature 

(ºC) 

 

Tank ∆ ºC 

18-32(dpf) 

ni 

 

nf 

A 28 1 419,57 35 17 

  2 417,83 35 23 

 36 1 511,17 35 - 

  2 510,28 35 - 

  3 506,80 35 - 

B 28 1 420 15 7 

36 1 505,3 15 8 

C 28 1 419,8 30 - 

2 420,3 20 - 

36 1 477,47 30 - 

2 513 20 - 

D 28 1 418,3 30 24 

36 1 507,18 30 13 

2 505,8 15 3 

E 28 1 418,4 15 7 

2 417,9 23 5 

36 1 507,5 30 12 

2 507,8 30 7 

F 28 1 418,55 30 15 

2 418,4 30 26 

36 1 510,5 30 25 

2 511 30 26 

G 28 1 445,72 35 29 

36 1 551,53 35 9 

2 553,3 35 19 

H 28 1 446,02 35 14 

2 473,4 35 21 

36 1 583,62 35 11 

2 584,3 35 18 
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Figures 

Figure 1. Percentages of survival of fish in high and low temperature of all the pairs in table 1 

during the experimental design of 18 to 32 dpf.  

 

 
 

Figure 2. Standard length (SL) of males of pair A at LT and HT.  

 

 

 

Figure 3. Weight (g) of males of pair A at LT and HT.  
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Figure 4. Percentage of males of the pair A in each LT and HT. The accumulated degrees  

 during the period of 18 to 32 dpf is indicated. 
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Appendix  

Appendix 1 - Tasks of maintenance in a zebrafish research facility 

Everyday's tasks: 

 Verify and annotate the physic-chemical parameters of the room where all the tanks are. 

The parameters should be: Temperature 28ºC, pH 7,2, Conductivity 800-1000 μS.  

 Verify that there's enough water in the tanks and in the osmosis deposit and adjust it in 

case it is needed.  

 Verify that the supply of air in the racks is correct and adjust it in case is needed.  

 Clean the inside and outside of the tanks in case it is needed.  

 

Duties required once a week (at least): 

 

 Clean the air conducts if it's need it.  

 Clean the filters in the racks if it's need it.  

 See if there are fishes inside the rack and positive case throw off them.  

 Prepare Rotifers.  

 

Each Thursday and Friday is required : 

 

 Thursday, Put pairs to reproduce and Friday collect the eggs. Following the hours 

accorded in the appendix 2.  

 

Always:  

 

 Have the facility room always clean  

 Advert in case of a problem or anomaly  
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Appendix 2 - Embryonic Medium  

 

1.0 ml Hank's Stock #1  

0.1 ml Hank's Stock #2  

1.0 ml Hank's Stock #4  

95.9 ml dd H2O  

1.0 ml Hank's Stock #5  

1.0 ml fresh Hank's Stock #6  

Use about 10 drops 1 M NaOH to Ph 7.2 

 

Hank's solutions: Hank's solutions can be made from stock solutions (kept refrigerated, they will 

last for several months). A premix of the salts can be stored in the refrigerator for several weeks. 

Sodium bicarbonate does not store well, so it is made up fresh each time Hank's solution is 

made. 

 

Full Strength Hank's 
 

0.137 M NaCl  

5.4 mM KCl  

0.25 mM Na2H PO4  

0.44 mM KH2 PO4  

1.3 mM CaCl2  

1.0 mM Mg SO4  

4.2 mM NaH CO3 

 

Hank's Stock Solutions 
 

Stock #1 

 

8.0 g NaCl  

0.4 g KCl  

in 100 ml ddH2O 

 

Stock #2 

 

0.358 g Na2HPO4 Anhydrous  

0.60 g KH2PO4  

in 100 ml ddH2O 

 

Stock #4 

 

0.72 g CaCl2  

in 50 ml H2O 

 

Stock #5 

 

1.23 g MgSO4-7H2O  

in 50 ml ddH2O 
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Stock #6 

 

0.35 g NaHCo3  

10.0 mls dd H2Oz 

 

Hank's Premix - Combine the following in order: 

 

10.0 ml Solution #1  

1.0 ml Solution #2  

1.0 ml Solution #4  

86.0 ml ddH2O  

1.0 ml Solution #5 

 

Store Hank's Premix in the refrigerator along with the Hank's solutions. 

Final Hank's 

9.9 ml Hank's Premix  

0.1 ml fresh Stock #6 

 

 

 

 

 

 


