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The diet and the morphometric parameters of the Pseudophoxinus sp. (Cyprinidae) in the El Mellah ravine (M’sila, 
Algeria) were studied by determining body measurements and analyzing the contents of digestive tracts of 320 fish from 
December 2018 to November 2019. The obtained results show marked diversity within the fish species diets, which can 
be grouped into three main fractions: (i) a plant fraction; (ii) an animal fraction composed mainly of invertebrate prey; 
and (iii) fraction consisting of fish eggs (digested by males during the breeding season). The plant fraction was present in 
all the analyzed digestive tracts, mainly being composed of phytoplankton (algae), namely, Spirogyra sp., Melosira sp. 
and Navicula sp. with the total relative abundances of 38.7%, 34.4% and 4.1%, respectively. On the other hand, the 
animal fraction was represented by the Chironomus sp., Austrosimulium sp., and Ecdyonurus sp. dipterans with a total 
relative abundance of 7.3%, 6.7% and 5.9%, respectively. Pseudophoxinus sp. eggs can also be considered as part of this 
fraction with the total relative abundance of 2.9%. The age of the fish seems to have an influence on their feeding beha-
viour. The juveniles of Pseudophoxinus sp. in the study area had a purely phytophagous diet, while adults showed a 
phytophagous behaviour with an omnivorous tendency. The present study shows that not only the age of the fish but also 
the seasonal changes (climatic conditions and entry into the breeding season) may have a significant influence on the diet 
and morphometric parameters of Pseudophoxinus sp. in El Mellah ravine.  

Keywords: fish nutrition; biometric parameters; seasonal variation; El Mellah ravine.  

Introduction  
 

It is important to know the morphometric parameters, diet and repro-
ductive behaviours of species because these ae key aspects by which 
species are identified in their natural habitat. Thus, it important to preserve 
them from possible extinction, as they are among the important natural 
resources in their natural environment (Innal et al., 2019; Giannetto & 
Innal, 2021).  

In Algerian freshwater, Cyprinidae is a family where the genus Pseu-
dophoxinus sp. belongs. By abundance, Pseudophoxinus sp. of the Cypri-
nidae family is the second genus of endemic fish in Algeria after the Bar-
bus genus and is either distributed or co-distributed with the latter in differ-
ent places. The colour of Pseudophoxinus sp. species varies from light 
brown to light olive green on the back and upper sides, light yellow to 
creamy white on the lower sides and on the belly. Perea et al. (2010) stated 
that there are 14 distinct clades of Pseudophoxinus in the Mediterranean; 
while many works (Vaillant, 1904; Collares-Pereira, 1983; Dieuzeide & 
Champagne, 1950) reported three species in North Africa: P. punicus, P. 
callensis and P. chaignoni. There are very few studies concerning fresh-
water fish in Algeria in general and the Pseudophoxinus specifically. 
Marfoua et al. (2017) focused their studies on the estimation of the metric 
characteristics for males and females of Pseudophoxinus sp., while Attir et 
al., (2017) aimed to study the phenomenon of parasitism in the gills, ecto-
parasites, and in digestive tracts. Other studies mainly focused on morpho-
logical parameters (Ould Rouis et al., 2020). Regarding the diet of fresh 
water fish in Algeria, the only study that could be found is the one by 
Mimeche et al. (2018), dealing with the seasonal patterns of the diet of the 

barbel Luciobarbus callensis in the K’sob reservoir (M’Sila, Algeria), 
whereas the diet, biological, phylogenetic and ecological data on Pseudo-
phoxinus in general are surprisingly missing.  

The study of dietary habits based on the analysis of digestive tract 
content (esophagus to the anal opening) is widely used in fish ecology as 
an important means to know the food relationship between the species in 
the aquatic communities (Arendt et al., 2001) and to understand the com-
plex ecosystems (Lopez-Peralta & Arcila, 2002). Knowing the diet of fish 
in a natural environment is one of the essential steps to understand both 
their ecology and biology. The knowledge of the species diet also helps 
explain the aspects of growth, reproduction and migration, especially for 
searching for food (Frank & Solomon, 2016). These appear essential for 
habitat management and biodiversity conservation (Lowe-Mcconnell, 
1982; Lebedeva et al., 2020), especially in such important, threatened and 
fragile ecosystems.  

The objective of the present work was to study for the first time the 
diet composition of Pseudophoxinus sp. from El Mellah ravine (M’sila 
province, Algeria) by analyzing the digestive tract contents of 320 fishes 
throughout a year. The study can allow accurate determination of (1) the 
diet and reproductive behaviours, (2) the morphometric parameters of this 
fish, and (3) the effect of seasonal changes on its morphometric characte-
ristics and feeding behaviour.  
 
Materials and methods  
 

El Mellah permanent ravine is located about 100 km from the capital 
of M’sila province and about 14 km north of Bensrour municipality. 
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It drains the desert Atlas Mountains and infuses into the Shatt al-Hudna. 
Two native species of the cyprinid family (Pseudophoxinus and Barbus) 
live in this ravine (Marfoua et al., 2017). It is characterized by a semi-arid 
bioclimatic stage with moderate fluctuation and the water depth therein 
varies according to the percentage of seasonal rainfall and temperature. 
The catches of fish were made during the period of December 2018 to 
November 2019. Some environmental parameters are monitored periodi-
cally; the maximum temperature recorded being in August (39.96 °C), 
while the minimum temperature was recorded in December (4.98 °C). 
The cumulative amount of rain was 391.5 mm3; the dissolved oxygen was 
8 mg/L, while the pH was 6.13 in August and 8.16 in December. The 
high temperature in summer (May to August) causes the water evapora-
tion and consequently the decrease of the water volume in the ravine.  

 
Fig. 1. Geographic Location of El Mellah ravine, Algeria  

The sampling (catch of the fish) was done using a fishing net, with a 
mesh size of 10 mm. It was carried out each month during the period from 
December 2018 to November 2019. The captured specimens (Fig. 2) 
were brought alive in a cooler to the laboratory, then immediately measu-
red, weighed. Their gender and age were determined by observation under 
an optical microscope (4× magnification). The gonads were taken and 
weighed; however, the gender of some of them could not be determined 
due to their small sizes and poor appearance of the gonads.  

  
Fig. 2. The genus of Pseudophoxinus sp. of El Mellah ravine, Algeria  

After the fish dissection, the contents of the digestive tract (from eso-
phagus to the anal opening) were weighed, collected and preserved in vials 
containing 4% formalin solution, labeled and placed in fridge (at –4 °C). 
The digestive contents were observed using a laboratory binocular magni-
fying glass (Bresser Science, ETD-201 brand) and with an optical micro-
scope (Optika B-383 brand). The observed prey were identified and clas-

sified according to their nature (animal or plant). The genus of the insects 
and phytoplankton items were identified using the identification keys 
established by Craig (2019), Delaunay (2020), Diomande et al. (2000), 
Marquié et al. (2018). In the analysis of the morphometric parameters, 
several variables were taken into consideration, namely: the total length 
(L) and the standard length (l) of the fish in cm, the total mass (M), the 
eviscerated mass (m) and the liver weight (r) in grams. Also, we observed 
presence or absence of adiposity together with the gender of the fish, 
namely, male, female or indefinite. The length parameters were measured 
using a Vernier with the precision of 0.01 mm, while, the each specimen 
and its liver were weighed using a G & G Electronic precision balance 
with the accuracy of 0.0001 g.  

Depending on the obtained prey categories, various indexes were 
used for the quantitative and qualitative analyses of the diet. The calculated 
indices were those described by Hynes (1950) for determining the diet and 
the feeding activity of digestive tracts contents. It should be mentioned that 
these indexes were also used by several other researchers; such as, Mi-
meche et al. (2018), Benabid (1990), Cherghou et al. (2002) and Kraiem 
(1980). The used indexes were:  

– the Vacuity coefficient (V, %): is the ratio of the number of empty 
digestive tracts (E) divided by the total number of the examined digestive 
tracts (X);  

– the Relative abundance (R, %): is the ratio of the total number of a 
prey category and (N) divided by the total number of all prey categories (P);  

– the Coefficient of occurrence (C, %): is the ratio of the total number 
of fish with digestive tracts containing a given prey type (D) divided by 
the number of all-examined digestive tracts (F);  

– the Hepatosomatic index (H, (Lahaye, 1980)): is the ratio of the li-
ver mass (r) in g, divided by the mass of the eviscerated fish (m) in g;  

– the Gonadosomatic index (G, (Lahaye, 1980)): is the ratio of the 
gonad mass (g) for males and females in g, divided by the mass of the 
eviscerated fish (m) in g.  

The “IBM SPSS Statistics version 25" (Spss Inc. Chicago, Illinois, 
USA, 2017) software was used for all the statistical analyses. An unidirec-
tional analysis of variance (One-way ANOVA test) was applied to ana-
lyze the evolution of the morphometric parameters of all fish with empty 
and full digestive tracts. The number of prey, in the case of full digestive 
tracts, was analyzed. The effect of the season changes on the all studied 
criteria was also taken as a parameter of study.  
 
Results  
 

As can be seen from Tables 1, 2 and 3, in the case of Pseudophoxinus 
sp., out of 320 examined digestive tracts, 145 were found empty, which 
represents a vacuity coefficient of 45.3%. The highest percentage of emp-
ty digestive tracts was observed in summer, accounting for 23.7%, while 
the lowest was observed in spring, equaling 5.3%. By contrast, the ana-
lyzed full digestive tracts of Pseudophoxinus sp. contained two categories 
of food, which were the plant fraction and the animal fraction. The animal 
fraction was represented essentially by the “Insect prey” category, which 
was the most abundant and diverse (classified to three genera), whereas 
the fish component represents just a small percentage and is limited to a 
single species represented by the eggs of the studied fish itself. On the 
other hand, the relative abundance for insects was shown to be maximum 
in winter and especially for Chironomus sp., equaling 3.4%. At the same 
time, the maximum relative abundance was found for plants (phytoplank-
ton) of spirogyra in spring, accounting for 14.0%. Referring to Table 2, the 
occurrence coefficient of the overall prey of Pseudophoxinus sp. reveals 
some of the preferential encountered preysin the analyzed digestive tracts, 
which are phytoplankton (diatoms) represented by Melosira sp. and Spi-
rogyra sp. with the same maximum rate of 25.1% in autumn. Concerning 
the insects, namely, Chironomus sp., Austrosimilium sp. and Ecdyonorus 
sp., the three insects exhibited the same maximum occurrence coefficient 
value with the rate of 16.6% observed in winter. It has to be noted that the 
fish in the summer did not eat insects, nor Navicula sp. phytoplankton, 
and were satisfied with only Melosira sp. and Spirogyra sp. Important 
proportions of sand were also discovered in the full digestive tract of 
Pseudophoxinus sp. with the maximum occurrence coefficient of 
12.8% in winter.  
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Table 1  
Relative abundance (R, %) of compounds ingested by Pseudophoxinus sp.  

Items R, %  
winter 2018 

R, %  
spring 2019 

R, %  
summer 2019 

R, %  
autumn 2019 

Chironomus sp.   3.4 1.7 0.0   2.2 
Austrosimulium sp.   2.6 1.7 0.0 10.9 
Ecdyonurus sp.   2.3 1.6 0.0   2.1 
Pseudophoxinus eggs   0.0 2.9 0.0   0.0 
Navicula sp.   2.1 1.2 0.0   0.8 
Spirogyra sp. 12.3 14 0.7 11.7 
Melosira sp. 11.3 1.9 0.6 10.6 

 

Table 2  
Occurrence coefficient (C, %) of compounds  
ingested by Pseudophoxinus sp.  

Items C, %  
winter 2018 

C, %  
spring 2019 

C, %  
summer 2019 

C, %  
autumn 2019 

Chironomus sp. 16.6 10.3   0.0 10.9 
Austrosimulium sp. 10.6 10.3   0.0 10.9 
Ecdyonurus sp. 10.6 10.3   0.0 10.9 
Pseudophoxinus eggs   0.0   2.9   0.0   0.0 
Navicula sp. 23.4 22.3   0.0 14.9 
Spirogyra sp. 24.6 24.0 18.3 25.1 
Melosira sp. 24.6 24.0 18.3 25.1 
Sand 12.8 10.0 12.5 12.2 

 

Table 3  
Variation in seasonal vacuity coefficient (V, %) for the Pseudophoxinus sp.  

Seasons V, % 
Winter 2018   9.7 
Spring 2019   5.3 
Summer 2019 23.8 
Autumn 2019   6.6 

 

The boxplots for morphometric parameters, the hepatosomatic index 
(H), the gonadosomatic index (G), and all the nutrients of the fish with full 
digestive tracts are shown in Figure 3. The seasonal variation was ob-
served to have maximum values in winter and spring, and minimum 
values in summer for total mass (M), eviscerate mass (m), total length (L), 
and standard length (l). The (H) index displayed its maximum value in 
summer and winter while its minimum values appeared in spring. The (G) 
index for males and females peaked in spring and had minimum value in 
summer. On the other hand, the items ingested by the fish were seen in the 
largest maximum amount and highest diversity (number of prey items) in 
winter followed by autumn and spring, with the presence of ingested 
Pseudophoxinus sp. eggs exclusively in spring, while the minimum 
amounts and number of ingested prey items was noted in summer with 
total absence of insects. Regarding the fish with empty digestive tracts, the 
boxplots presented in Figure 4 also show an obvious seasonal changes in 
all the morphometric parameters ((M), (m), (L), (l)) with maximum and 
minimum values in summer and in autumn, respectively, while the (H) 
index revealed its maximum value in summer and autumn and its mini-
mum in spring. In contrast, the (G) index for females exhibited its maxi-
mum and its minimum values in spring and summer, respectively. It is 
noteworthy that the seasonal variation of the (G) index of males cannot be 
studied in this case, because just a single male was found in spring. The 
results are shown in Tables 4, 5 and 6.  

Table 4 presents the seasonal variation of morphometric parameters 
for the fish with full digestive tracts. Two important points to note are the 
presence of adiposity in all the analyzed fish, and the fact that fish of unde-
fined gender were the most numerous, then females, while males were the 
least numerous. Furthermore, the one-way ANOVA analysis (for 175 fish 
with full digestive tracts) confirms that the seasonal variation of morpho-
metric parameters is highly significant (P < 0.001). In contrast, the post-
hoc test (Tukey test) regroups the (M) and (m) morphometric parameters 
into three groups: (a) summer, (b) autumn, and (c) winter with spring, 
while (L) and (l) are classified in four groups: (a) summer, (b) autumn, 
(bc) spring and (c) winter. The post-hoc test of H index presents three 
groups: (a) spring, (b) summer, (ab) winter & autumn. The G index for 
males shows three groups: (a) summer, (b) autumn (c) winter and spring, 

while the G index for females is divided into four groups: (a) summer, (b) 
autumn, (c) winter and (d) spring. Table 5 demonstrates the seasonal 
variation of the morphometric parameters for the fish with empty digestive 
tracts. Compared with the fish with full digestive tracts, we can note the 
absence of adiposity. However, the fish with undefined gender always 
remained the most numerous, followed by the females and then the males, 
occurring in the lowest numbers. The results of the One-way ANOVA 
test for 145 fishes in this case also showed that the seasonal variation of all 
morphometric parameters was highly significant (P < 0.001). Nonetheless, 
the H and G indexes had relatively less significances of seasonal varia-
tions, accounting for P = 0.051 and P = 0.004, respectively. According to 
the results of the Tukey test, the morphometric parameters (L), (l), (m) are 
divided into two groups: (a) winter, autumn and spring, and (b) summer. 
(M) split into four groups: (a) autumn, (ab) spring, (bc) winter and (c) 
summer. The H index has four groups: (a) summer, (b) spring, (ab) winter 
and (c) autumn. The G index for females shows two groups: (a) winter 
with autumn and spring, and (b) summer, while the G for index males 
cannot be performed by the Tukey tests because there was only one fish in 
spring, though there is a significant seasonal variation observed by one-
way ANOVA test with (P = 0.004).  

Table 6 shows the seasonal variation of prey ingested by 175 fishes 
with full digestive tracts. The first observation was that the fish under two 
years old ate only phytoplankton, while the fish older than two years con-
sumed insects in addition to phytoplankton in all seasons, except in sum-
mer when they ate only phytoplankton. On the other hand, the results of 
the one-way ANOVA test of 7,705 diverse items show that the seasonal 
variation either in number or type of nutrients ingested by the analyzed 
fish is very significant (P < 0.001). Moreover, the nutrients ingested by the 
fish were grouped by post-hoc test as follows:  

– concerning the animal fraction items (prey): Austrosimulium sp. and 
Ecdyonurus sp. represent two groups: (a) summer and (b) winter, autumn 
and spring, whereas Chironomus sp. shows four groups: (a) summer, (b) 
spring, (bc) autumn, and (c) winter;  

– concerning the vegetable fraction items: Spirogyra and Melosira sp. 
are classified into two groups: (a) summer, (b) spring, winter and autumn, 
while Navicula sp. represents four groups: (a) summer, (ab) winter, (b) 
autumn, and (c) spring;  

– concerning the Pseudophoxinus sp. fraction (eggs): the one-way 
ANOVA and Tukey tests cannot be carried out because fish males do not 
eat the eggs of females except during the reproduction phase in spring.  
 
Discussion  
 

As mentioned above, data on the morphometric features and the diet 
of the Pseudophoxinus sp., presented in this paper, are almost absent. 
Fiasson (1989) provided general information on the Cyprinidae family in 
Northern Algeria, which is the family that includes the Pseudophoxinus 
sp. Among the provided information, there is the total length of the fish, 
which is about 10.7 cm. Unfortunately, this information cannot be com-
pared with our results because the conditions of the study, such as the 
period during which the study was carried out, as well as the sex of the 
studied fishes and the exact location of the study were not mentioned. 
According to the literature, the only study of the Pseudophoxinus sp. so far 
which was carried out in the El Mellah Ravine, Algeria, is the one by 
Marfoua et al. (2017). However, the results of this study cannot be com-
pared to our present work, because their observations were limited to one 
morphological parameter, which is the total length (L) of the fish, while 
our study took in consideration all the morphometric parameters, namely 
the indexes cited above. The fish diet, which is an important aspect in our 
study, was also not taken into consideration in their study. Even for total 
length, the results cannot be compared because their study of (L) was 
limited only to the period from December to May, whereas this study 
extended from December to November. In addition, our study dealt with the 
seasonal change in total length of the fish, while their study considered the 
average total length by sex (male and female). The only parameter that can 
be inferred by comparing the study of Marfoua et al. (2017) with our study is 
that the average total length recorded in their study for both males and fe-
males (7.2 and 7.4 cm, respectively) is within the variation range of the total 
length in our study (4.49 ± 0.40 in summer to 6.05 ± 1.42 cm in winter).  
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Fig. 3. Seasonal variation of the diet and the morphometric parameters of Pseudophoxinus sp. with full digestive tracts  
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Fig. 4. Seasonal variation of the morphometric parameters of Pseudophoxinus sp. with empty digestive tracts  

Table 4  
Seasonal variation of the morphometric parameters of Pseudophoxinus sp. with full digestive tracts  

Variables Modalities Age (years) Gender Adiposity No. x ± SD 0+ 1+ 2+ 3+ 4+ indefinite females males present absent 

Total  
mass (M), g 

winter 7 9 10 9 9 16 21 7 26 18 44 3.575 ± 0.157 (c) 
spring 7 10 9 9 9 26 13 5 18 25 44 3.538 ± 0.166 (c) 
summer 7 9 9 9 9 35 5 3 18 25 43 1.800 ± 0.088 (a) 
autumn 7 9 9 10 9 25 16 3 19 25 44 2.530 ± 0.120 (b) 

Eviscerate  
mass (m), g 

winter 7 9 10 9 9 16 21 7 26 18 44 3.127 ± 0.874 (c) 
spring 7 10 9 9 9 26 13 5 18 25 44 3.075 ± 0.849 (c) 
summer 7 9 9 9 9 35 5 3 18 25 43 1.699 ± 0.549 (a) 
autumn 7 9 9 10 9 25 16 3 19 25 44 2.253 ± 0.682 (b) 

Total  
length (L), cm 

winter 7 9 10 9 9 16 21 7 26 18 44 6.059 ± 1.423 (c) 
spring 7 10 9 9 9 26 13 5 18 25 44 5.581 ± 0.174 (bc) 
summer 7 9 9 9 9 35 5 3 18 25 43 4.490 ± 0.400 (a) 
autumn 7 9 9 10 9 25 16 3 19 25 44 5.184 ± 1.249 (b) 

Standard  
length (l), cm 

winter 7 9 10 9 9 16 21 7 26 18 44 5.059 ± 1.423 (c) 
spring 7 10 9 9 9 26 13 5 18 25 44 4.604 ± 1.188 (bc) 
summer 7 9 9 9 9 35 5 3 18 25 43 3.490 ± 0.400 (a) 
autumn 7 9 9 10 9 25 16 3 19 25 44 4.184 ± 1.249 (b) 

Gonadosomatic  
index (%) 
(G.males) 

winter 0 0 3 1 4 0 0 7 7 0 7 1.872 ± 0.581 (c) 
spring 0 0 0 3 2 0 0 5 5 0 5 1.930 ± 0.299 (c) 
summer 0 0 0 3 0 0 0 3 3 0 3 0.526 ± 0.749 (a) 
autumn 0 0 0 3 0 0 0 3 3 0 3 1.156 ± 0.205 (bc) 

Gonadosomatic  
index (G.females), 

% 

winter 0 0 7 8 6 0 21 0 21 0 21 0.120 ± 0.031 (c) 
spring 0 0 0 6 7 0 13 0 13 0 13 0.149 ± 0.009 (d) 
summer 0 0 0 2 3 0 5 0 5 0 5 0.024 ± 0.018 (a) 
autumn 0 0 0 7 9 0 16 0 16 0 16 0.046 ± 0.013 (b) 

Hepatosomatic  
index (H), % 

winter 7 9 10 9 9 16 21 7 26 18 44 0.187 ± 0.017 (b) 
spring 7 10 9 9 9 26 13 5 18 25 44 0.131 ± 0.016 (a) 
summer 7 9 9 9 9 35 5 3 18 25 43 0.212 ± 0.026 (c) 
autumn 7 9 9 10 9 25 16 3 19 25 44 0.171 ± 0.020 (b) 

Note: total number of fish with full digestive tracts is 175; P-value of one-way ANOVA test: * – P < 0.05, ** – P < 0.01 and *** – P < 0.001; H – hepatosomatic index; G – 
gonadosomatic index for males and females of Pseudophoxinus sp.  
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Table 5  
Seasonal variation of morphometric parameters of Pseudophoxinus sp. with empty digestive tracts  

Variables Modalities Age Gender Adiposity No. x ± SD 0+ 1+ 2+ 3+ 4+ Indefinite Females Males Present Absent 

Total  
mass (M), g 

winter 8 6 6 6 5 14 11 6 0 31 31 1.282 ± 0.259 (bc) 
spring 6 4 4 2 1 10 6 1 0 17 17 1.229 ± 0.139 (ab) 
summer 7 9 20 16 24 39 21 16 0 76 76 1.456 ± 0.354 (c) 
autumn 7 8 2 2 2 16 3 2 0 21 21 1.053 ± 0.059 (a) 

Eviscerate  
mass (m), g 

winter 8 6 6 6 5 14 11 6 0 31 31 1.061 ± 0.207 (a) 
spring 6 4 4 2 1 10 6 1 0 17 17 1.005 ± 0.091 (a) 
summer 7 9 20 16 24 39 21 16 0 76 76 1.285 ± 0.342 (b) 
autumn 7 8 2 2 2 16 3 2 0 21 21 0.852 ± 0.057 (a) 

Total  
length (L), cm 

winter 8 6 6 6 5 14 11 6 0 31 31 5.741 ± 1.202 (b) 
spring 6 4 4 2 1 10 6 1 0 17 17 5.252 ± 1.009 (a) 
summer 7 9 20 16 24 39 21 16 0 76 76 6.313 ± 0.944 (b) 
autumn 7 8 2 2 2 16 3 2 0 21 21 5.138 ± 1.049 (a) 

Standard  
length (l), cm 

winter 8 6 6 6 5 14 11 6 0 31 31 4.645 ± 01.444 (a) 
spring 6 4 4 2 1 10 6 1 0 17 17 4.252 ± 01.009 (a) 
summer 7 9 20 16 24 39 21 16 0 76 76 5.313 ± 0.944 (b) 
autumn 7 8 2 2 2 16 3 2 0 21 21 4.035 ± 0.962 (a) 

Gonadosomatic  
Index (Gfemales),  % 

winter 0 0 5 1 5 0 11 0 0 11 11 0.487 ± 0.008 (a) 
spring 0 0 3 2 1 0 6 0 0 6 6 0.076 ± 0.008 (b) 
summer 0 0 6 3 7 0 17 0 0 17 17 0.048 ± 0.015 (a) 
autumn 0 0 1 0 2 0 3 0 0 3 3 0.046 ± 0.006 (a) 

Gonadosomatic  
index (Gmales), % 

winter 0 0 1 3 2 0 0 6 0 6 6 0.019 ± 0.008 
summer 0 0 5 3 8 0 0 16 0 16 16 0.015 ± 0.007 
autumn 0 0 0 2 0 0 0 2 0 2 2 0.021 ± 0.015 

Hepatosomatic  
index (H), % 

winter 8 6 6 6 5 14 11 6 0 31 31 0.087 ± 0.014 (ab) 
spring 6 4 4 2 1 10 6 1 0 17 17 0.090 ± 0.007 (b) 
summer 7 9 20 16 24 39 21 16 0 76 76 0.075 ± 0.021 (a) 
autumn 7 8 2 2 2 16 3 2 0 21 21 0.105 ± 0.005 (c) 

Note: total number of fish with empty digestive tracts is 145; P-value of one-way ANOVA test: * – P < 0.05, ** – P < 0.01 and *** – P < 0.001; H – hepatosomatic index; G – 
gonadosomatic index for males and females of Pseudophoxinus sp.  

Table 6  
Seasonal variations of the items present in the analyzed digestive tracts of Pseudophoxinus sp. with full digestive tracts  

Variables Modalities No. 
Presence or Absence of preys (“+” presence, “–“ absence) 

according to the age of fish (in years). 
Gender 

x ± SD indefinite females males 0+years 1+years 2+years 3+years 4+years 

Chironomus sp. 

winter 260 – – + + + 0 21 7 5.909 ± 4.604 (c) 
spring 129 – – – + + 0 13 5 2.931 ± 3.611 (b) 
summer 0 – – – – – 0 0 0 0.000 ± 0.000 (a) 
autumn 172 – – – + + 0 16 3 3.909 ± 4.649 (bc) 

Austrosimulium sp. 

winter 197 – – + + + 0 21 7 4.477 ± 3.540 (b) 
spring 132 – – – + + 0 13 5 3.000 ± 3.741 (b) 
summer 0 – – – – – 0 0 0 0.000 ± 0.000 (a) 
autumn 185 – – – + + 0 16 3 4.204 ± 4.958 (b) 

Ecdyonurus sp. 

winter 173 – – + + + 0 21 7 3.931 ± 3.329 (b) 
spring 122 – – – + + 0 13 5 2.772 ± 3.415 (b) 
summer 0 – – – – – 0 0 0 0.000 ± 0.000 (a) 
autumn 161 – – – + + 0 16 3 3.659 ± 4.313 (b) 

Melosira sp. 

winter 871 + + + + + 16 21 7 19.795 ± 14.819 (b) 
spring 915 + + + + + 25 13 5 20.795 ± 23.422 (b) 
summer 48 + + + + + 18 3 2 1.116 ± 0.878 (a) 
autumn 820 + + + + + 25 16 3 18.636 ± 19.430 (b) 

Spirogyra sp. 

winter 947 + + + + + 16 21 7 21.522 ± 16.089 (b) 
spring 1081 + + + + + 24 13 5 24.568 ± 27.402 (b) 
summer 50 + + + + + 21 2 2 1.162 ± 0.897 (a) 
autumn 901 + + + + + 25 16 3 20.477 ± 21.920 (b) 

Navicula sp. 

winter 164 + + + + + 13 21 7 1.863 ± 1.002 (ab) 
spring 91 + + + + + 21 13 5 2.068 ± 1.283 (c) 
summer 0 – – – – – 0 0 0 0.000 ± 0.000 (a) 
autumn 62 + + + + + 7 16 3 1.409 ± 1.435 (b) 

Pseudophoxinus sp. eggs spring 224 – – – + + 0 0 5 12.444 ± 4.895 
Note: number of prey (items) presents in the digestive tracts of the studied fish: No. = 7705; P-value of one-way ANOVA test: * – P < 0.05, ** – P < 0.01 and *** – P < 0.001.  

The first feature taken into account with regard to the diet of the stu-
died fish in this study is the vacuity coefficient. The latter varies conside-
rably with the change of season. It was significantly lower in spring than in 
winter, which can be explained by the availability of macro invertebrates 
and micro invertebrates that the fish feed on in the ravine. In the summer, 
the increase in temperature leads to an increase in water temperature and 

decrease in the water level in the ravine. As a result, there is was decrease 
in the amount of fish prey and an increase in fish movement, which is very 
possible due to their search for food. This also lead to lower amount of 
prey in the digestive tract of the fish compared to other seasons, as well as 
to higher vacuity coefficient. Indeed, it was noticed that the highest vacuity 
coefficient was recorded during summer.  
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The study of the seasonal variations of the food spectrum of Pseudo-
phoxinus sp. shows that the nature and number of species ingested by the 
fish vary seasonally, with the predominance of phytoplankton (Melosira 
sp. and Spirogyra sp.) and zooplankton (Chironomus sp. and Ecdyonurus 
sp.) in autumn and winter. The latter is important for the reproduction 
period (Encina, 1999; Santos et al., 2013) which takes place during these 
two seasons, because of their high caloric content and their low mobility 
which facilitates their capture (Easton & Orth, 1992). According to Pucci-
nelli et al. (2019), the phytoplankton (diatoms) that is abundant in the 
digestive tracts of the studied fish is common in all aquatic ecosystems, 
and they represent the most essential and predominant components of 
benthic and planktonic assemblage. All this algal vegetation living in 
freshwater is a source of food for zooplankton, which in turn represents an 
important nutrient for fish living in lakes and rivers (Vivier & Manguin, 
1943). Moreover, the study of the seasonal evolution of phytoplankton 
populations by Fqih Berrada et al. (2000) showed that the evolution and 
growth of diatoms reach an algal peak in spring and summer as a result of 
favourable environmental conditions (climate, physico-chemistry of water 
and oxygen supply), in addition to the enrichment of the ravine in mineral 
elements caused by the presence of an area of eutrophication (agricultural 
area). This may well explain the dependence of fish on phytoplankton to a 
large extent in their diet and the increased relative abundance of phyto-
plankton in the digestive tract of the studied fish.  

The different taxa items ingested by the fish could be classified into 
three groups: the first group consisting of algae, which were always 
present in the digestive tracts contents of fish with full digestive tracts 
during all seasons, the relative abundance of which was generally high; the 
second group comprising insects, the presence of which in the digestive 
tract contents was low and limited to a few seasons; the third group con-
taining eggs, which were only present during the breeding season (spring), 
when the males eat a part of the eggs of females. This dietary diversity is 
an indication of the richness and abundance of potential prey species in the 
biotope of the studied fish (Adamek & Obridlik, 1977; Lobon-Cervia & 
De Diego, 1988). We have also noticed that because of the high number 
of small prey, the disadvantage of counting the amounts of prey favours 
small prey (zooplankton and phytoplankton) and underestimating larger 
preys (insects) (Bouhbouh, 2002). Likewise, we noticed that the presence 
of adiposity in the adult fish with full digestive tracts could be related 
directly to the presence of nutrients in their digestive tracts. This adiposity 
cannot be observed in the fish with empty digestive tracts. It should be 
noted that some elements ingested by fish such as sand were not included 
in the analysis, as they cannot be counted; their presence in the digestive 
tract of fish may be strongly related to the benthic behaviour of the fish 
(Lobon-Cervia & De Diego, 1988) and to the way of food capture by 
collecting and scraping (Grandmottet, 1983). According to Kraiem 
(1996), the ingested sand has an important role in the fragmentation of the 
food ingested by fish.  

It can be seen that the change of seasons significantly influences the 
variability of the diet (quantity and diversity) and the biometric parameters 
of the studied fish. Volkoff & Rønnestad (2020) state that the most genera 
of fish are ectotherms, so the temperature strongly affects their physiology, 
metabolic rate and thus their energy balance, locomotor activity and fee-
ding behaviour. It also influences the ability/desire of the fish to obtain 
food, and how they process food through digestion, how they absorb 
nutrients in the gastrointestinal tract and how they store the excess energy. 
In addition, Moullec et al. (2018) pointed out that temperature has a signif-
icant and major effect on biometrics (physiology), growth and the repro-
duction of the fish. Also, Doney et al. (2012) went on to say that tempera-
ture has an effect on freshwater ecosystems and food availability, so it can 
be stated here that the change in climate over the seasons would force fish 
to adapt their diets to the environmental conditions, and it influences the 
change in the morphometric parameters. In their recent study, Giannetto & 
Innal (2021) showed that the decreasing water level and the climatic 
drought were found to be the threats that affect the fish communities the 
most.  

In addition to the effect of seasonal change and sex of the fish, the diet 
of Pseudophoxinus sp. in the El Mellah ravine differed between juveniles 
and adults, the juveniles being phytophagous which consumed only di-
atoms (no animal prey in their digestive tracts), whereas adults had phyto-

phagous diet with omnivorous tendency (presence of animal prey in their 
digestive tracts in addition to the phytoplankton prey).  

In contrast, the presence of egg fraction in digestive tracts of all exa-
mined males in spring was probably due to the fact that the males of 
Pseudophoxinus sp. become cannibalistic during the breeding season, 
consuming the eggs of its females. This may be because they feel that the 
first set of eggs were not good enough and do not deserve to be kept as in 
the case of the blenny fish (Takegaki et al., 2011), or perhaps they selec-
tively eat the eggs when they do not develop as quickly as others like in 
the case of the sand goby fish (Forsgren et al., 1996).  

On the other hand, the difficulty of determining the sex of fish that 
were less than 2 years old was due to their small gonad size. A few excep-
tions were recorded in the spring, which represents the breeding season, 
when the swelling of their gonads during this season makes them clearly 
visible (Boët, 1980). This narrows the food bowl of the animal, and thus 
we see that there is congestion and not enough space for a large amount of 
food. Consequently, it was noticed that the lowest relative abundance of 
the items was recorded during spring. These results are consistent with 
those of Marfoua et al. (2017), who confirmed that the breeding season of 
the studied fish is exactly between February and March, which leads to the 
increase in gonad mass and consequently increase in the gonadosomatic 
index (G) for both males and females in spring, on the other hand, the 
seasonal variation of the hepatosomatic index (H) of the studied fish indi-
cates that this fish stores the necessary reserves for the gonad maturation in 
its liver.  
 
Conclusion  
 

The present work presents for the first time the diet and morphometric 
parameters changes during one year of Pseudophoxinus sp. living in 
North Africa. According to the results, we can draw some important con-
clusions, which we summarized as follows.  

The seasonal change showed its impact on the morphometric para-
meters of the fish in particular (L and M). This suggests that the studied 
fish is ectothermic and that its physiology and morphology are influenced 
by the climate change and the temperature variations during different 
seasons. Not only the morphology of the fish but also its feeding beha-
viour (amount and diversity) was strongly affected by the seasonal 
change, due to the change in the food availability, the diversity of prey 
species in the biotope of the fish and the variation in the climatic condi-
tions and temperature. The entry into the breeding season also had an 
effect on the diet of the fish, as they prefer zooplankton during this period 
because of their high caloric content. These results showed the opportun-
ism of Pseudophoxinus sp. and its great adaptability to environmental 
conditions (climatic and nutritional). In other words, this plasticity allowed 
the studied fish to live and colonize different areas with various environ-
mental conditions.  

The importance of the findings of this study is a much clearer view of 
the biological and ecological aspects of the genus Pseudophoxinus sp., 
endemic to Algeria. Such studies would help us to determine strategies for 
the preservation of this type of freshwater fishes that live in the arid re-
gions of North Africa in general, and in Algeria in particular, where they 
are considered essential natural organisms of the ecosystem and of the 
heritage that should be preserved.  
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