Biodiversity Journal, 2020,11 (4): 951-959 https://doi.org/10.31396/Biodiv.Jour.2020.11.4.951.959

Growth and length-weight relationships of Gambusia dffinis
(Baird et Girard, 1 853) population in Algeria (Cyprinodontiformes
Poeciliidae)

Naima Sellaoui'™ & Farid Bounaceur?

"Faculty of Sciences of Nature and Life, Laboratory of Agrobiotechnology and Nutrition in Semi-arid
Zone, Ibn-Khaldoun University of Tiaret, 14000, Algeria

’Department of Natural Sciences and Life, University Center of Tismessilt, 38000 Algeria
*Corresponding author: naimaselb@yahoo.fr

ABSTRACT The aim of this study is to provide necessary information on the growth, length-weight rela-
tionships of Gambusia affinis (Baird et Girard, 1853) (Cyprinodontiformes Poeciliidae) in four
different areas: Timimoune's foggara, southwestern Algerian Sahara, with a total of 402 spec-
imens; 182 fishes in Bechar; Biskra, northeastern Sahara, with 282 specimens; and Oued Se-
baine, in western Algeria, with 638 fishes. The female to male sex ratio was 2.14:1
(Timimoune), 2.19:1 (Bechar), 2.61:1 (Biskra) and 2.35:1 (Tiaret). The length-weight rela-
tionship of G. affinis population shows a difference in growth between the sexes (isometric,
positive and negative allometric). The parameter of Von Bertalanffy, Loo, was obtained for
the females of each region: in Timimoune, 62.14 mm; in Bechar, 51.72 mm; in Biskra, 67.25
mm; and in Tiaret, 63.62 mm. The Loo of males for each region is instead: in Timimoune,
45.48 mm; in Bechar, 41.75 mm; in Biskra, 47.89 mm; and in Tiaret, 45.49 mm.
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INTRODUCTION Gambusia affinis is the most abundant,

widespread freshwater fish in the world (Pyke,

The birth rate, death rate, population size, density,
age structure and sex ratio of population are param-
eters particularly important that influence population
growth or decline (Dodge, 2006). The allocation of
energy to growth and reproduction, in relation to
temperature and food availability. Vondracek et al.
(1988), investigated in laboratory experiments with
Gambusia affinis (Baird et Girard, 1853). The growth
rates of this specie in a cycling temperature regime
(20-30°C), were faster than in a 25°C constant tem-
perature, and a negative relationship between growth
rate and fish density (Stearns & Sage, 1980).

2008), it belongs to Poeciliidae family and Cyprin-
odontiformes order. Originally, it comes from the
eastern and south-eastern United State of America,
ranging from New Jersey to central Mexico, it has,
however, been successfully introduced to most of
the world, except Antarctica (Pyke, 2008). In Alge-
ria, G. affinis is considered as a species exotic, it was
mentioned in the works of zoologist Seurat, declar-
ing the introduction of this species in Algeria since
1924 (Arab, 1989). This species is considered as a
biological control agent to eradicate mosquitoes and
the disease vectors they harbor (Green & Imber,
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1977; Nelson & Keenan, 1992; Offill & Walton,
1999), it is therefore successful in controlling
malaria (Krumholz, 1948; Walton, 2007).

This species is a hardy fish which is tolerant to
a wide range of water quality parameters, including
elevated salinity (Alcaraz & Garcia Berthou, 2007).
Gambusia affinis from Texas grew more slowly in
fresh water rather than in brackish water (Stearns
& Sage, 1980), and survives in waters with very
low oxygen (Cech et al., 1985), and high tempera-
tures (Pyke, 2005)

The overall aim of this study is to provide original
information for the first time on some parameters,
such as the length population structure or frequency
distribution, length-weight relationship, age and the
growth parameters of Von Bertalanffy of the G. affi-
nis population in four Algerian biotopes, such as the
west, the northeast and the southwest of the Algerian
Sahara and compare these results with other studies
on mosquitofish. Note that knowledge of these bio-
logical characteristics and the length-weight relation-
ships is very important for the assessment and
management of fish stocks (Cai et al., 2019).

MATERIAL AND METHODS
Study area

All specimens were collected from four different
areas (Fig. 1).
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Figure 1. Geographical location of the study area.
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Gazelle fountain dam in Biskra (35° 7°25.52”N
and 5°35°25.04”E). It is located at 37 km from gov-
ernorate Biskra (the Ziban), in the northeastern of
the Algerian Sahara, at the southern foothills of the
Saharan Atlas. The mountains at the northern limit
mitigate the extension of the influences of the
humid Mediterranean climate and give the region a
hyper arid character towards the Sahara to the
south. The data show that the coldest month is De-
cember with an average temperature of 12.2 °C, and
the hottest month is August with 34.7 °C.

Oued Sebaine in Tiaret (35°26°18.01”N and
1°36°31.097E). It is located in north-western of Al-
geria, 28 km the east of the governorate Tiaret, at
an altitude of 918 m, it is small river that has a ten
of permanent sources of fresh water, s’called Ras
El Ain, about 1.4 km of long, it poured into the
Ouassel river. The continental climate has two pe-
riods: a harsh winter with an average temperature
of 6 °C in January and a hot and dry summer at 34.9
°C in July. This wadi is a habitat of high terrestrial
and aquatic biodiversity.

The Timimoune’s foggarain Adrar (29°15°13.
58”N and 0°12°35.19”E). Situated in the western Al-
gerian Sahara , Igraven and Abad are the sampling
sites of fish in Timimoune about 200 km northeast
of Adrar governate, at 257 m altitude. The foggara
is a draining underground tunnel dug in a straight
line from upstream to downstream, which collects
and brings underground water to the land to be irri-
gated. The Saharan climate is characterized by a
very irregular and weak rain, with an average tem-
perature of 13.2°C in January, and 37.5°C in July.

The small dam in Abadla, Bechar (31°01°13”N
and 02°43°14”W). It is located in the southwest of
Algeria, at 950 km from the capital Algiers, the
small dam is a part of the Oued Guir which origi-
nates in the High Atlas in Morocco and travels to the
border between Algeria and Morocco, feeds the Djorf
Torba dam (50 km west of Bechar), then crosses the
town of Abadla. The Saharan climate is characterized
by a very hot summer and a very cold winter, light
precipitation, frequent and violent winds.

Sampling

Monthly samples were collected for each area,
a total of 282 specimens of G. affinis during the pe-
riod from November 2006 to May 2007 at the
Gazelle fountain dam in Biskra, 402 specimens
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were collected from July 2010 to June 2011 in Tim-
imoune’s foggara, 638 fish were collected in wadi
Sebaine from March 2017 to February 2018, and
182 mosquitofish were collected between May
2018 and October 2018 in the small dam in Abadla,
Bechar, where the sampling stopped due to a flood.
All the sampled fish were caught during the day
using a dip net (a stretched size of 1 mm). The bio-
logical material was preserved in a 4% formalin so-
lution and sent to the laboratory, where the total
length (Lt) was measured by a digital calliper (to
the nearest 0.01 millimeters) and the weight by a
digital precision balance (to the nearest 0.01 grams).
The sex was determined from the morphology of
the anal fin, which takes a gonopodium form, and
by direct observation of the gonad structure.

The test of reduced gap € used for the compari-
son of the average sizes of males and females
(Schwartz, 1983) followed this equation:

X1—X
£ — | X1 2|
nq ny

Where o% variance of females; 0, : variance
of males; X;: denotes mean female; X,: denotes
mean male; 7n;: number of females; and n,: number
of males.

Length-weight relationship

The length-weight relationship was calculated
for both sexes using the allometric equation (Le
Cren, 1951): Wt=a x Lt°,

Where Wt is the body weight (g), Lt is the total
length (mm), a is the regression and b is the regres-
sion coefficient (slope),. The parameters a and b
were estimated by linear regression analysis by log-
arithmic transformed (Froese, 2006) as follows:
Log(Wt) = Log(a) + bx Log(Lt).

If'b =3 the growth is isometric, if b <3 the allom-
etry is negative and if b> 3 the allometry is positive.

Growth parameters

The growth model used for the fish growth is
that of Von Bertalanfty (1938), according to the fol-
lowing equation : Lt= L, (1-e 1),

Where L, is the asymptotic total length, Lt is
the total length in mm at age t, K is the growth co-
efficient and t0 is the hypothetical age at which
length is zero.
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Statistical processing

The growth parameters of the Von Bertalanffy
equation were estimated by the ELEFFAN method
(Electronic length-frequency analysis) of the LFDA
software (length frequency distribution analysis)
(Kirkwood et al., 2001).

The growth performance index ®’proposed by
Pauly and Munro (1984), was calculated using the
following formula: ®’= log(K) + 2 x log(Lo).

RESULTS

Population structure and Length frequency distri-
bution

The population of G. affinis presents in Biskra
consists of 282 individuals, 204 females (72.34%)
and 78 males (27.65%), in Timimoune 402 fish
were captured, 274 females (63.11%) and 128
males (36.88%), in Tiaret 638 mosquitofish were
captured, 448 females (70.21%) and 190 males
(36.88%), and in Bechar 182 fish were captured,
125 females (68.68%), and 57 males (31.31%).
Therefore, the overall sex ratio (F:M) of G. affinis
for each area is in favor of females rather than
males: Biskra, 2.61:1; Timimoune, 2.14:1; Tiaret,
2.35:1; and Bechar, 2.19:1. These values were sig-
nificantly different from 1:1.

The length of G. affinis females and males in
Biskra ranged, respectively, from 19.01 mm to
64.02 mm and from 21.9 mm to 45.07 mm. In
Tiaret the minimum and maximum size of females
and males ranged, respectively, from 16.6 to 60.20
mm and from 18.7 to 43.07 mm. In the population
of Timimoune the total length of the females and
males were, respectively, from 19.01 mm to 59 mm
and from 21 mm to 43 mm. Lastly, the length of the
population of females and males in Bechar ranged,
respectively, from 16.7 mm to 49.10 mm and from
19.73 mm to 38.05 mm.

The calculated values of the reduced gap ¢ for
our study are 3.62 (in Biskra), 11.94 (in Timi-
moune), 4.11 (in Tiaret) and 4.97 (in Bechar). These
values are higher than the value given to the Gaus-
sian distribution Table (1.96) for a confidence level
of 5% indicating that the average sizes of females
is significantly larger than that observed for males.

Figure 2 shows in Timimoune that there are more
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Figure 2. Length composition of Gambusia affinis from each region.

females than males in all size groups except 23.01
mm (5 females/9 males), 27.01 mm (4 females/21
males) and 31.01 mm (21 females/49 males). In
Tiaret the females were more than males in all size
groups except 30.35 mm (37 females/71 males),
hence in Biskra and Bechar, females were generally
the most abundant in all sizes, while males of Bechar
predominated in sizes 25.7 mm (11 females/14
males) and 36.5 mm (2 females/6 males).

Length-weight relationship

Length-weight relationship of G. affinis is illus-
trated in figures 3, 4, 5 and 6 which show a negative
allometry growth observed for males of Timimoune
(b =2.82), Tiaret (b = 2.81) and Bechar (b = 2.84),

and a positive allometric for females of Biskra (b =
3.19), Timimoune (b = 3.07) and Tiaret (b = 3.32),
and isometric growth for males of Biskra (b = 3.00)
and females of Bechar (b = 3.04). All linear regres-
sions of the length-weight relationships were very
significant, with the coefficient of determination (1)
of Biskra, 0.980 for females and 0.928 for males, of
Timimoune, 0.897 for females and 0.906 for males,
of Tiaret, 0.986 for females and 0.925 for males, and
of Bechar, 0.963 for females and 0.952 for males,
with (p <0.05).

All available data on the Von Bertalanffy growth
equation and @’ values of the G. affinis population
from the present study are compiled in Table 1, in
which the @’ index shows a great similarity be-
tween the two sexes.
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Figure 3. Length-weight relationship of male
and female Gambusia affinis at Biskra.

Figure 5. Length-weight relationship of male
and female Gambusia affinis at Tiaret.
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Figure 4. Length-weight relationship of male
and female Gambusia affinis at Timimoune.

DISCUSSION

The overall sex ratio of G. affinis (F: M) in the
four populations of Biskra, Timimoune, Tiaret and
Bechar was significantly different from a 1:1 in favor
of females, as confirmed in previous works by

Figure 6. Length-weight relationship of male
and female Gambusia affinis at Bechar.

Oztiirk & 1kiz (2004). However, the sex ratio is dif-
ferent at Althama (1:1.1), Aian Elmajdob (1:2.5) and
Ard Alahlam (1:2) in Benghazi, Libya (Eltaceb & El-
baraasi, 2019). According to Krumholz (1948), the
sex ratio of Gambusia at birth is 1:1, but this ratio is
altered due to different sampling strategies, and sam-
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Von Bertallanffy Equation
Areas Female @’ Male @’
Biskra L= 67.25 (1-e09 (+058)) 3.65 L, = 47.89 (1- 090 (:+042)) 3.31
Timimoune L= 62.14 (1-¢° % (t+0.959) 3.53 L; = 45.48 (1-e0°7¢+095) 3.30
Tiaret L= 63.62 (1-¢ 080 (+0.73)) 3.51 L= 45.49 (1-¢ 09 (1053)) 3.31
Bechar L= 51.72 (1-¢0-72 4043y 3.28 L= 41.75 (1-¢ 046 (+0.13)) 2.90
Table 1. Von Bertalanffy growth equation of Gambusia affinis for both sexes.
Authors a b r2 Sex Areas
Yu Cheng et al., 7.13¢* 3.253 0.961 P Yangtze River, China
2018 3.29¢3 2.593 0.763 M
Sibel & Deniz, 2008 0.016 2.626 0.908 F Lake Adana, Turkey
0.019 2474 0.892 M
0.131 3.230 0.991 F Fethiye-Akgol Turkey
0.135 3.006 0.919 M
0.133 3.270 0.988 F+M
Oztiirk & Ikiz, 2004 0.123 3.301 0.987 F Dalaman, inTurkey
0.118 2.673 0.812 M
0.126 3.27 0.982 F+M
0.130 3.3014 0.987 F | Ortaca in Turkey
0.161 2.6737 0.812 M
0.132 3.2685 0.794 F+M
Ilhan & Sar1, 2015 0.0145 2.945 0.818 F+M | Marmara lake,
Anatolia, Turkey
Bounaceur, 1997 20.8x1073 3.20 0.995 F+M | Tonga lake, Algeria
20.1x1073 3.17 0.996 F+M | Oubeira lake,
Algeria
32.6x10° 3.19 0.994 F+M | Oued Bouarroug,
Algeria

Table 2. Length-weight relationship of Gambusia affinis in different areas of world.
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Areas Loo K (1] Sex Authors
(mm) (mm / year)
France Vistre 78.33 0.25 3.19 Q Carmona-catot et al., 2014
Orb 35.81 2.05 342 Q
Bordigou 43.35 1.00 3.27 Q
Spain Fluvia 46.06 1.04 334 Q Carmona-catot et al., 2014
Ter 31.43 299 3.44 Q
Ebro 4743 0.91 3.31 Q
Algar 41.71 1.28 3.35 Q
Segura 34.67 2.74 3.52 Q
Hawaii kay 20.51 1.99 292 3 Stearns, 1983
twin 60.91 0.53 3.29 &

Table 3. Von Bertalanffy growth parameters of Gambusia affinis reported in several areas.

pling errors, preferences and changes in their micro-
habitat preferences at specific stages of life of species
between sex (Fernandez-Delgado & Rossomanno,
1997). The predominance of females is also due to
the longer lifespan (Krumholz, 1948; Kartes & Quig-
nard, 1984; Fernandez-Delgado, 1989).

We also observed that the proportion of females
increased in the large length classes, and males in
the smallest length classes, as females take longer
to mature and continue to grow throughout their life
(Vargas & Sostoa, 1996), whereas males stop grow-
ing or grow very soon after the formation of the
gonopodium (Krumholz, 1948).

The length-weight relationships obtained in our
regions are strongly correlated (r%), and suggest dif-
ferences in growth between the sexes. The females
of Biskra, Timimoune and Tiaret exhibit significant
positive allometric relationship, indicating that the
body weight grows slightly faster than the body
length (Froese, 2006), while the males of Timi-
moune, Tiaret and Bechar present negative allometric
growth indicating that the length increases as the
cube of weight. For the males of Biskra and the fe-
males of Bechar, the isometric growth denotes as the
weight and length of fish increases at the same time.
Similar growth was observed for females and males
of G. affinis (Table 2) in the Yangtze river in China
(Yu Cheng et al., 2018), in Dalaman, and Ortaca in
the Western Mediterranean region of Turkey (Oztiirk
& Ikiz, 2004). Additionally, in northeastern Algeria,
positive growth for both sexes has been noted

(Bounaceur, 1997), while in lake Adana in Turkey
(Sibel & Deniz, 2008) and lake Marmara, Anatolia
in Turkey (Ilhan & Sar1, 2015) negative growth for
both sexes has been noted.

The b parameter may vary depending on tem-
perature and seasons, habitat characteristics such as
salinity, availability of food resources and gonad
maturity (Gongalves et al., 1997; Taskavak & Bile-
cenoglu, 2001; Ozaydin et al., 2007).

The Loo values (Table 1) obtained for the fe-
males and males of Biskra, Timimoune, Tiaret and
Bechar indicate that the females have a higher
asymptotic length than the males. The growth pa-
rameters (Loo, t0 and k) have been compared with
other studies (Table 3), and the asymptotic length
(Loo) is thereabouts similar to the studies carried out
in the regions of Spain, Fluvia and Ebro areas (Car-
mona-catot et al., 2014). However, the Loo values
are lower than those reported from Vistre, Orb and
Bordigou in France (Carmona-catot et al., 2014),
and Ter, Algar, Segura in Spain (Carmona-catot et
al., 2014), for Loo of males, the lowest values in Kay
and Twin areas in Hawaii (Stearns, 1983). Accord-
ing to Da Silva et al. (2020), the parameters (Lo
and k) apply to the assessment of growth, dynamic
characteristics of populations and biomass. Further-
more, the performance index @’ (Table 1) shows a
strong similarity between the two sexes, as these
values are similar to those observed in France and
Spain (Carmona-catot et al., 2014) and in Hawaii
(Stearns, 1983).
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CONCLUSIONS

This study is the first data on the biological char-
acteristics such as length-weight relationships and
growth parameters of the exotic fish species G. affi-
nis in the western mainland of Algeria (Tiaret) and
southwestern (Timimoune and Bechar) and north-
eastern Sahara (Biskra).

The length-weight relationship of G. affinis in
these areas shows a difference in growth between
the sexes indicating the isometric growth, positive
and negative allometric growth. Von Bertalanffy’s
growth parameters differed significantly between
sexes and by regional characteristics.

Growth parameters and the the length-weight re-
lationship remain very important for any estimate
of fish biomass.
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