
Introduction
 The process of keeping and breeding ornamental fish is becoming 
one of the fast growing hobbies in the world with millions of enthusi-
asts worldwide. Together all countries of the European Union are the 
largest market for ornamental fish; however, the United States (US) is 
the single largest importer of ornamental fish in the world [1,2].
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 Although there is no accurate information regarding the figures of 
the aquarium industry in the international scenario, it is estimated to 
generate revenues over US$ 300 million with an annual growth rate of 
14%. Approximately US$ 28 to 44 million of this amount is generated 
by the ornamental marine fish trade. However, the trade in marine 
species has aroused controversy regarding the extraction of almost all 
traded marine organisms from wild populations and, in many cases, 
illegally [3]. The cyanide is a toxic chemical used to capture aquarium 
fish. The use of cyanide on coral reefs to capture aquarium fish is ille-
gal and cause damage in fish as well in coral reef. The use of cyanide 
to capture juvenile angelfish in Komodo, Indonesia, is an example of 
an illegal capture of aquarium fish and cause of damage in ambience 
[4].

 In recent years, the acquisition of marine ornamental fish has 
greatly increased. Recent advances in fish husbandry and aquarium 
equipment technology have further facilitated the hobby. The vast 
majority of ornamental fishes in the aquarium trade is of freshwater 
origin and farm-raised. Colombia, Peru and Brazil are the countries 
that export more wild-caught freshwater aquarium fish [5].

 The purpose of managing a fishery is to maintain the resource so 
that it is renewable and therefore sustainable. Responsible aquacul-
ture practices rely on sustainable production systems, to minimize im-
pacts on the natural environment, and support resource conservation. 
In other words, the harvest of fish from the wild or their domestic cul-
ture, if performed with sound foundations in ecological and economic 
principles, can be sustainable and self-reliant commercial industries 
[6]. Cultivation in captivity can help sustain the marine ornamental 
industry and mitigate the impact to the environment, thus reducing 
the need of collecting wild specimens of natural populations [7]. To 
adapt and standardize techniques of cultivation and propagation for 
each species or group of organisms has been achieved, will achieve 
greater diversification of species that meets the demand of the market 
and thus the decrease in the volumes of extraction [7,8].

 Studies related to the biology of the species of interest, new tech-
niques of cultivation, determination of alternative live foods, systems 
of water recycling and the state of health of cultivated organisms, may 
allow the production of organisms of higher quality than the extracted 
from the natural environment [9,10].

 In that sense, it is important to understand if there are new species 
that are able to keep in captivity, and what are their requirements in 
terms of environmental conditions and food. It is also necessary to 
evaluate the possibility of cultivating these species in order to mini-
mize the impacts on the ecosystem.

 The two-spotted goby, Gobiusculus flavescens, is a common fish 
species along rocky shores in northern European waters [11]. It is 
a small (40-60 mm), semi pelagic marine fish [12], forming loose 
shoals in association with macroalgal vegetation and mussel beds 
growing on the rock surface [13]. It is a short-lived species, with a 
life span of 1-2 years [14]. Both sexes display courtship behavior 
and have sexual ornamentation during the breeding season. Male or-
naments consist of large dorsal fins with iridescent blue lines, and 
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Abstract
The survival and growth of semipelagic two-spotted goby (Go-

biusculus flavescens) were investigated in the laboratory to appre-
ciate the ability of this species to be kept in captivity as a resource 
for ornamental fishkeeping. The survival of individuals was tested 
under three temperatures (23°C, 25°C and 27°C) during 12 days. 
The growth of individuals was tested using two diets: Diet 1-“SER-
A®vipan” + “SERA® discus granulat” and Diet 2-“Mysis and Artemia 
brine shrimp” (Ocean Nutrition®), at 21°C, during 5 weeks. The low 
death rate at 23°C (10%) can indicate some potential for this species 
to be used in ornamental aquariophilia. The diet consisting of Mysis 
sp. and Artemia sp. brine shrimp (Diet 2) appears to be well accept-
ed be the fishes and promotes a good growth. The two-spotted goby 
proved to be a species very easy to handle and to maintain at the 
appropriate temperatures.
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iridescent blue spots along the sides of the body [15]. Females devel-
op a conspicuous, bright orange belly at sexual maturity [16]. Due 
to these characteristics, this species could have a great interest for 
ornamental aquariums.

 The process of keeping and breeding ornamental marine and 
freshwater fish is becoming one of the fast growing hobbies in the 
world. One of the biggest problems that beginners have is maintain-
ing the temperature of the aquariums. Fishes are ectotherms, meaning 
their body temperature depends on ambient temperature. The fish’s 
body temperature remains more or less the same of water. Many of 
the ornamental fish do not support large changes in the environmental 
temperatures, which make them more vulnerable.

 The aim of this study was to test the survival of adults two-spotted 
gobies reared under three different temperatures and to test the growth 
of individuals under two different diets at 21°C.

Materials and Methods
 All experimental fishes were caught by hand netting in the coastal 
zone of Peniche, Portugal (39°22’08 N, 09°22’42 W) in March 2011, 
at average ambient temperatures around 14-15°C. The 59 fish were 
kept in an aquaria (60 L) with constant flow-through of filtered sea 
water and acclimated to the laboratory temperatures (19°C), salin-
ity (35), pH (7,5), oxygen (8,5 mg/L) and to natural light through 
windows, supplemented with artificial light that followed the natural 
light regime for at least 1 week. Plastic algae were provided to mimic 
a natural environmental for the fish. Food (freshly hatched Artemia 
nauplii) was providing daily ad libitum.

 The survival of individuals was tested under three temperatures, 
were groups of ten fishes (five males and five females) were submitted 
to 23°C, 25°C and 27°C maintained with thermostats (100 w Aquapor) 
during 12 days. The three experimental aquaria had a water volume of 
20 L.

 The growth of individuals was tested using two diets: Diet 
1-“SERA®vipan” + “SERA®discus granulat” and Diet 2-“Mysis and 
Artemia brine shrimp” (Ocean Nutrition®), at 21°C. This experiment 
had a system consisting of six aquariums of 5 L each: Three for Diet 
1 and other three for Diet 2. In each aquarium were placed five fishes. 
The fishes were weighed and measured (total length) once a week, 
during five weeks. Total length was measured on a millimeter grid to 
nearest 0.5 mm and wet body mass was determined to an accuracy 
of 0.01 g using an Ohaus Scout Pro Scale, after carefully blotting the 
fish to remove excess water. The fish were anaesthetized with 25 ml 
of 2-phenoxy-ethanol diluted in 1000 ml of sea water. After the mea-
surement and weighting, each fish was transferred to fresh sea water.

 During the experiments, all the aquaria were cleaned once a week 
and the water quality monitored regularly (pH, ammonia, nitrite and 
nitrate, dissolved oxygen, salinity, kH and phosphates). Feeding (ad 
libitum) and temperature control were made once a day.

 For the two diets, the differences between the initial and final 
length and weight of fishes were tested with the Student’s test [17]. 
The measuring of the relationship between weight and length was 
conducted by simple linear regression analysis [17]. Where applica-
ble, results are presented as mean±Standard-Deviation (SD). For all 
statistical tests, the significance level was set at P≤0.05. All calcula-
tions were performed with IBM SPSS Statistics 25.

Results
 At the range of temperatures used, the two-spotted goby is affect-
ed by little changes in temperature and stopped feeding around 25°C. 
At temperatures above 25°C, it was observed a very high mortality 
rate (Table 1). The table 2 shows the mortality rates observed during 
the diets experiment.

 No statistically significant differences were found in initial weight 
and initial length of the fishes between the two diets at P > 0.05 level 
(initial weight: t (28) = 0.174; initial length: t (28) = -0.249; figures 1 
and 2). Statistically significant differences were found in the final fish 
weight between the two diets (t (22) = -2.818, P = 0.01 < 0.05; figure 
1), but not in the final length (t (22) = -0.697, P > 0.05; figure 2).

Water temperature Fishes (N) Dead fishes (N) Death rate (%)

23°C 10 1 10

25°C 10 5 50

27°C 10 7 70

Experience Fishes (N) Dead fishes (N) Death rate (%)

Diet 1 15 4 27

Diet 2 15 2 13

Table 1: Mortality rates at temperature experiment.

Table 2: Mortality rates at diet experiment.

Figure 1: Effect of the two diets on mean weight of individuals. (* and #) Significant 
differences in planned comparisons (P < 0.05, Student’s test). Results are presented 
as mean ± SD.

Figure 2: Effect of the two diets on mean length of individuals. Results are presented 
as mean ± SD.
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 In addition, for Diet 1, there were statistically significant differ-
ences between the initial weight and the final weight of the fish (t 
(24) = 3.355, P = 0.003 < 0.05; Figure 1). No statistically significant 
differences were found for the length (t (24) = 1.598, P > 0.05; Figure 
2). For Diet 2 there were no statistically significant differences in any 
of the factors under study (weight and length) (weight: t (26) = -0.493, 
P > 0.05; length: t (26) = 0.693, P > 0.05; Figures 1 and 2).

 A simple linear regression analysis was conducted and the re-
sults showed that 61 % (R2) of the variability of the data could be 
explained by the linear regression (r = 0.78) (Figure 3). Thus, length 
and weight of individuals are strongly and positively correlated, and 
for every 1 cm increase in length, the weight will increase on average 
by 0.37 g. On the other hand, the proportion of common variance 
shared between length and weight with Diet 1 is 49.3 % (r = 0.70) 
while for Diet 2 this coefficient is particularly higher, i.e., R2 = 73.5 
% (r = 0.86). Therefore, both correlation coefficients confirm that the 
length and the weight are positively correlated, although for Diet 2 the 
strength of the relationship is characterized by better-quality correla-
tion.
 

Discussion
 It is important to know what the range of temperatures that a spe-
cies supports and what is their reaction to these variations. G. fla-
vescens is a species normally found in cold to temperate waters with 
temperatures from 10°C to 23°C but they growth better in waters with 
lower temperatures (15°C to 21°C) [15]. The observations and results 
obtained in experiments carried out for the different temperatures 
confirmed that at 23°C the two-spotted goby maintains a normal ac-
tivity. It was found that with an increase of 2°C, this species could no 
longer feed and eventually die. Frommel and Clemmesen [18] report-
ed that G. flavescens does not support extreme temperatures within 
the range they experience at the field. However, according to these 
authors, as gobies live in the shallow littoral, they are subject to wide 
fluctuations in temperature throughout the year and are thus rather 
robust to changes in water temperature within the range they experi-
ence.

 The maintenance in captive of wild individuals, seeks to provide 
them with the adequate conditions for their survival. To ensure that 
these conditions are the best and most appropriate are necessary stud-
ies on the type of habitat, what temperatures provide fishes the bet-
ter performance, what physical and chemical parameters allow them 
to have a higher survival rate and what is the best food in order to 
achieve a healthy growth. The two-spotted goby is a planktivorous 
species, and in the wild, the species feeds on small crustaceans such 
as copepods, amphipods and mysids [19,20]. There are several types 
of food available in aquarium trade that allows a better selection of 
food to be given to the individuals kept in captivity. Compared the 
two diets used, it was observed that diet consisting of Mysis sp. and 
Artemia sp. brine shrimp (Diet 2) appears to be well accepted be the 
fishes and promotes a good growth. This result can be explained by 
the fact that individuals are already accustomed to this kind of food, 
because, despite being inert, is the same type of food to which they 
are accustomed to eating in the wild [21]. The results obtained for the 
diet consisting of commercial flakes and granules (Diet 1) reflect the 
reactions observed when individuals were fed. The different appear-
ance and texture of the food items may have resulted in the rejection 
of food by individuals. An appropriate diet allows obtaining improved 
growth and development of G. flavescens [22], which seems to be the 
case of our Diet 2, allowing its maintenance and growth in captivity.

 The temperatures used could be a limitation to the use of this 
species on ornamental fishkeeping. However, the two-spotted goby 
proved to be a species very easy to handle and to maintain at the ap-
propriate temperatures. The low death rate at 23°C can indicate some 
potential for this species to be used in ornamental fishkeeping.

 In the future, it is interesting to do more studies about this specie. 
How the specie breeding and what is the optimum conditions to do 
that. It is interesting know how the temperature influence the court-
ship and the larvae development. In the future, it is important to de-
velop a commercial food adequate for this specie.
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