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SUMMARY

Asymmetry study was performed for four bilateral characters of Chrysichthys
auratus (Geoffroy Saint-Hilaire, 1809) (Siluridae) and Mugil cephalus Linnae-
us, 1857 (Mugilidae) collected from Guézin and Akodéha-Kpodji localities
at Lake Ahémé, Republic of Bénin, West Africa. For both C. auratus and M.
cephalus the four morphometric and one meristic characters, bilateral asym-
metry was higher in the fish specimens collected from Guézin compared with
that of specimens from Akodéha-Kpodji localities within Lake Ahémé. Bilateral
asymmetry in C. auratus and M. cephalus increased with the fish size at both
localities. The conceivable reasons of bilateral asymmetry in the two fish spe-
cies are deliberated in relative to diverse pollutants in Lake Ahémé.

INTRODUCTION

The aquatic environments adjacent to large cities are subjected to a wide
range of anthropogenic events. Organisms living in these ranges are exposed
to several deviations such as agricultural, industrial and engineering projects,
and other human-related functions related with growth and industrialization
(HAEDRICH, 1983).

Knowing the forthcoming status of biological systems rely on knowing
the significance of the biological consequence of pollution at the level of
organisms, populations and communities, and to visualize their responses to
changes in the environment (Lajus et al. 2015). The valuation of such influ-
ences can be in several types depending on the type of biological system and
parameter, and on the focus of the particular research (Newman, 2014).
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To understand specific developmental trails, the organism must have de-
velopmental constancy. In case of any fault in such instability, the organ-
ism becomes unable to adapt to its environment (ZakHarov, 1989). Fluctuat-
ing asymmetry is deemed among the best measures of the developmental
instability, which is a divergence from accurate morphological symmetry.
Consequently, the fluctuating asymmetry index has a cumulative attraction
as a substitute of fitness and a measure of the effect of various environmen-
tal pressures since the late 1980s-early 1990s (PALmer and STrRoBECK, 1986;
ZAKHAROV, 1989; PARsONS, 1990; GraHaM et al., 1993). A considerable rise in
bilateral asymmetry levels within a population may specify that individuals
are facing greater difficulty holding precise development which may result in
on future generations of the species (Markov, 1995).

While biodiversity inquiries and monitoring methods are capable to dis-
close changes in both community structures and species levels, they usually
require a noteworthy time frame and huge input of efforts. Otherwise, the
analysis of bilateral asymmetry has a number of benefits over more tradition-
al environmental monitoring methods; it is modest, inexpensive and needs
no skilled labour to achieve. The latter advantages are particularly suitable
for environmental monitoring programs in Benin where financial and scien-
tific skills are limited (Masrouk et al., 2014; ELie and GirRarD, 2014).

Chrysichthys auratus has well known distribution in the West African wa-
ter bodies, except in the coastal areas between Gambia and Liberia, where
it is replaced by Chrysichthys maurus (RiscH, 1992, 2003). It is widespread
throughout Lower Guinea (GeeriNckx et al., 2007) and also reported from the
Chad and Nile basins (RiscH, 1986). On the other hand, M. cephalus has a
cosmopolitan distribution in the coastal waters of the tropical, subtropical
and temperate zones of all seas (LALEYE et al., 2003; DURAND et al., 2012).

The objective of the present study is to examine common fish species in
Lake Ahémé, Bénin, West Africa to reveal the level of bilateral asymmetry in
six morphological characters and to afterward utilize those characters show-
ing the highest levels of bilateral asymmetry in more unconventional studies.
The only study on the bilateral asymmetry of fishes from Lake Ahémé was
that of Jawap et al. (2016) in which the level of asymmetry was investigated
in 3 morphometric characters of two cichlid fish species, Sarotherodon mela-
notheron and Coptodon guineensis. Therefore, the present study provides the
second data on the bilateral asymmetry in freshwater fishes of Benin.

MATERIAL AND METHODS

The sampling locations were nominated since they are heavily populated
and are influenced by enormous anthropogenic waste disposal. Lake Ahémé
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is located in the southern area of Benin between 6.20° and 6.40°N and be-
tween 1.55°and 2°E) (Fig. 1). The lake obtains its main freshwater source
from the Couffo River at its northern part. The surface area of the lake is 78
km2 during low water level and 100 km2 during floods (Dissou, 1986). The
lake is 24 km long and the northern part is deeper than the southern. The
lake is connected to the sea by the Aho channel, 10 km long. During the
dry season the sea water flows into this channel and causes an upsurge in
water salinity in the southern part of the lake (Nivonkuru and Latkve, 2012).
Fish samples were obtained from fishermen operating in the sampling sites
of Guézin and Akodeha Kpodji located at the south of the lake. Gillnets (200
m x 1.30 m, 25, 40 and 50 mm mesh) and cast nets (6 diameter, 20 mm
mesh) were used by the fishermen to catch the fish. Fish samples were col-
lected in August 2016. The depth at the two sampling sites ranged from 0.5
to 2.4 m. Two species of fish were chosen for the study: C. auratus (Guézin,
n =120, range = 80-300 mm; Akodeha Kpodji, n=50, range=50-280 mm)
and the mullet species M. cephalus (Guézin, n = 110, range = 120-450 mm;
Akodeha Kpodiji, n=60, range=110-460 mm). The characters selected for bi-
lateral asymmetry analysis were formerly used in fish studies (HecHTER et al.,
2000; Lucentini et al., 2002; Jawap et al., 2010, 2016), including four metric
and two meristic characters as follows: (1) head length (HL), measured from
the tip of the mouth to the posterior edge of the operculum; (2) snout length
(SnL), measured from the tip of the mouth to the anterior edge of the orbit;
(3) eye diameter (ED),measured from the anterior edge of the orbit to the
posterior edge of the orbit; (4) prepectoral fin length (PPFL); and (5) pectoral
fin ray count (PFC). Characters were measured to the nearest 0.1 cm using
digital calipers. Bilateral asymmetry values and measurement errors are in
best cases small and normally distributed around a mean of zero (MeriLA
and BjokLuND, 1995). Personal error in taking measurements can disturb the
results of bilateral asymmetry analysis, leaving it undistinguishable (PALMER,
1994). Therefore, in the current study, all the measurements were performed
by only one person to evade any undesirable error (Lee, 1990), and were re-
peated twice. In the statistical analysis, the square coefficient of asymmetry
variation (CV? ) for meristic and morphometric characters was calculated ac-
cording to VALENTINE et al. (1973) as:

CV2 =S - X 100/ X,,,

where S, _ is the standard deviation of the signed difference, and X, is the
mean of the character, which is calculated by adding the absolute marks for
both sides and dividing by the sample size. To eradicate scaling difficulties
linked with growth in morphometric characters (non-discrete, measurable),
each measurement was divided by a conventional standardizing measure-
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ment (e.g. head length, from the tip of the mouth to the posterior edge of
operculum, was used in the present study). Each morphometric measure-
ment was handled in a similar means and the squared coefficient of asym-
metry was determined as before. Coefficient of asymmetry was calculated
both for individuals within each locality and across all individuals. For each
locality, sampled individuals were classified into classes based on their to-
tal length. Coefficients of asymmetry were compared between the two fish
populations within Lake Ahémé using ANOVA tests.

RESULTS

The results of the bilateral asymmetry analysis of four morphological and
one meristic characters of C. auratus and M. cephalus are shown in Tables
1, 2 and 3. For both species, the asymmetry values of the morphological
characters examined were higher in Guézin than in Akodéha-Kpodiji. In both
locations investigated, the asymmetry values for C. auratus were lowest for
eye diameter and highest for head length. Conversely, the asymmetry values
for M. cephalus were highest for eye diameter and lowest for head length in
both Guézin and Akodéha-Kpodji (Table 1).

Table 1. Squared coefficient asymmetry (CV2) values and character means (X, | )
of Chrysichthys auratus and Mugil cephalus collected from two localities at Lake
Ahémé, Benin, West Africa.

Locality Characters
Head | Snout Eye Prepectoral | Pectoral
length | length | diameter | fin length fin ray
count
Chrysichthys auratus
v Guézin 62.8 | 61.3 60.4 60.9 62.1
Akodéha-Kpodji | 59.6 | 59.3 55.7 56.7 58.9
N Guézin 120 120 120 120 120
Akodéha-Kpodji | 50 50 50 50 50
Character mean (X_ ) | Guézin 9.5 2.4 0.9 5.4
Akodéha-Kpodji | 9.3 | 2.1 0.9 5.1
% of individuals with | Guézin 80 82 89 91 98
asymmetry
Akodéha-Kpodji | 75 77 78 80 81
Mugil cephalus
V2 Guézin | 584 | 622 | 596 | 597 60.1

36



Thalassia Salentina n. 41-2019

Akodéha-Kpodji | 57.9 58.2 58.1 58.6 56.1
N Guézin 110 110 110 110 110

Akodéha-Kpodji | 60 60 60 60 60
Character mean (X__ ,) | Guézin 5.6 3.5 1.2 8.4 17

Akodéha-Kpodji | 52 | 3.3 1.1 8.5 17
% of individuals with | Guézin 85 87 91 93 98
asymmetry

Akodéha-Kpodji | 80 81 82 84 91

Table 2. Squared coefficient asymmetry (CV?) values and character means (X

r+1)

of

Chrysichthys auratus collected from two localities at Lake Ahémé, Benin, West Africa.

Character cv?, N Character % of individuals with
mean asymmetry

Guézin
Head length
80-120 63.8 20 9.3 78
121-160 64.1 30 9.1 88
161-200 64.9 30 9.2 90
201-240 65.2 20 9.4 95
241-280 65.9 10 9.5 98
281-320 66.3 10 9.3 99
Snout length
80-120 61.3 20 2.4 65
121-160 61.9 30 2.2 72
161-200 62.1 30 2.1 79
201-240 62.8 20 2.0 82
241-280 63.5 10 2.3 89
281-320 64.7 10 2.3 96
Eye diameter
80-120 61.4 20 0.9 75
121-160 63.5 30 0.8 79
161-200 63.9 30 0.7 82
201-240 64.3 20 0.9 89
241-280 65.9 10 0.8 93
281-320 66.2 10 0.7 97
Prepectoral fin length
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80-120 61.9 20 5.4 54
121-160 62.5 30 5.2 65
161-200 62.8 30 5.0 78
201-240 63.3 20 5.0 89
241-280 64.7 10 5.3 92
281-320 65,5 10 5.1 97
Pectoral fin ray count

80-120 62.9 20 9 66
121-160 63.5 30 8 69
161-200 64.2 30 7 72
201-240 64.9 20 8 76
241-280 65.7 10 7 84
281-320 66.8 10 9 94
Akodéha-Kpodji

Head length

50-100 59.9 20 9.2 76
101-250 60.8 20 9.3 79
251-300 61.6 10 9.0 82
Snout length

50-100 59.9 20 2.0 74
101-250 60.5 20 2.2 83
251-300 62.3 10 2.3 97
Eye diameter

50-100 59.1 20 0.9 65
101-250 60.4 20 0.8 77
251-300 62.8 10 0.7 89
Prepectoral fin length

50-100 60.8 20 5.3 75
101-250 62.4 20 5.5 85
251-300 63.7 10 5.2 94
Pectoral fin ray count

50-100 59.7 20 9 87
101-250 60.5 20 8 90
251-300 62.7 10 8 94
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Table 3. Squared coefficient asymmetry (CV?) values and character means (X

r+1)

Mugil cephalus collected from two localities at Lake Ahémé, Benin, West Africa.

of

Character cv?, N Character % of individuals with
mean asymmetry

Guézin
Head length
120-180 63.7 30 5.4 69
181-240 66.5 25 5.3 74
241-300 69.3 30 5.5 83
301-420 79.2 25 5.1 98
Snout length
120-180 65.9 30 3.4 65
181-240 69.9 25 3.3 76
241-300 73.2 30 3.1 86
301-420 79.9 25 3.0 98
Eye diameter
120-180 60.2 30 1.2 54
181-240 68.9 25 1.1 67
241-300 72.3 30 1.0 78
301-420 78.8 25 1.1 98
Prepectoral fin length
120-180 62.9 30 8.2 65
181-240 66.3 25 8.1 78
241-300 70.4 30 8.0 88
301-420 78.4 25 8.5 97
Pectoral fin ray count
120-180 63.5 30 17 54
181-240 65.3 25 16 56
241-300 66.8 30 18 67
301-420 76.9 25 17 89
Akodéha-Kpodji
Head length
110-180 59.9 | 10 5.1 45
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181-150 63.2 10 5.0 56
151-220 69.0 10 5.5 67
221-290 73.2 10 5.3 78
291-360 79.8 5 5.2 82
361-430 81.2 10 5.0 89
431-500 88.6 5 5.1 94
Snout length

110-180 64.3 10 3.2 56
181-150 76.7 10 3.1 68
151-220 78.0 10 3.3 76
221-290 83.2 10 3.0 87
291-360 88.9 5 3.1 89
361-430 90.1 10 3.4 92
431-500 96.5 5 3.4 98
Eye diameter

110-180 60.8 10 1.1 54
181-150 66.8 10 1.0 59
151-220 72.3 10 1.0 63
221-290 74.9 10 0.9 67
291-360 79.9 5 1.1 78
361-430 81.2 10 1.2 85
431-500 88.4 5 1.0 98
Prepectoral fin length

110-180 89.7 10 8.7 67
181-150 93.8 10 8.5 78
151-220 96.3 10 8.1 83
221-290 97.8 10 8.0 87
291-360 98.0 5 8.4 91
361-430 98.4 10 8.3 94
431-500 98.9 5 8.5 97
Pectoral fin ray count

110-180 64.5 10 17 65
181-150 69.8 10 16 69
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151-220 73.2 10 17 73
221-290 78.6 10 18 78
291-360 79.9 5 17 82
361-430 82.3 10 17 85
431-500 86.7 5 16 98

Analysis of variance showed that the values of asymmetry for the four
morphological and one meristic characters differed between the populations
of the two species inhabiting Guézin and Akodéha-Kpodji within Lake Ahé-
mé (P < 0.001).

Individuals of C. auratus and M. cephalus from the two localities were
grouped into length classes (Tables 2 and 3). An increasing fashion in asym-
metry values was distinguished for each of the four morphological and one
meristic characters.

DISCUSSION

High bilateral asymmetry values for eye lens diameter and head length have
earlier been documented in numerous freshwater and marine fish species
(AL-Hassan et al., 1990; AL-Hassan and Hassan, 1994; JawaD et al., 2012a,
2012b, 2016; Jawap 2013; Masrouk et al., 2014). Such conformities in results
of bilateral asymmetry might indicate the vulnerability of these two charac-
ters to instant changes in the environment. Therefore, they could be used as
an operative biomarkers of strain in the environment. Moreover, the lower
asymmetry values of morphometric characters in the two species examined
could suggest that these character may be less sensitive to environmental
pressure factors comprising pollution. Jawap (2003) suggested that the lower
bilateral asymmetry values attained for such morphometric characters might
be elucidated on the basis that the developmental period of these characters
may not concur with the occurrence of opposing environmental actions. On
the other hand, slight modifications throughout development can diverge
from normal developmental courses (PaLmer and STroseck, 1992). These in-
discretions may be owing to the quality and quantity of food, extreme tem-
peratures, parasites, disease and behavioral pressure forced by interactions
with the related species living in the same environment (Markov, 1995).
Analysis of variance showed that bilateral asymmetry values for the four
morphological and one meristic characters studied differed significantly be-
tween C. auratus and M. cephalus collected from two localities at Lake Ahémé
(P < 0.001). There is a substantial source of contamination by diverse types
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of pollutants such as organic pollutants and heavy metals in the areas where
fishes were collected at both sites (Socro et al., 2000; YiHouENou et al., 2006a,
2006b, 2013). It is likely that pollution may account for the high bilateral
asymmetry values in these areas. Jawap et al. (2016) have shown that level of
asymmetry in three morphological characters of Sarotherodon melanotheron
and Coptodon guineensis collected from Lake Ahémé was lower than that of
Porto-Novo lagoon. In the present study, the level of asymmetry in the two spe-
cies examined from Lake Ahémé showed ' higher value than that obtained for
fish species collected from the same localities of the Lake Ahémé by Jawap et
al. (2016). Such increase occurred within only two years. This signify the quick
deterioration of the environment during this short period of time.

Certainly, several studies have confirmed that pollution was accountable
for circumstances linking high bilateral asymmetry values (e.g. Franco et al.,
2002; RomaNov and KovaLov 2004; Masrouk et al., 2014; Eue and GIrARD,
2014). In general, the toxicity of some trace metals and other chemicals is re-
vealed to upsurge with the increase in both temperature and salinity (SoGors
et al., 1988; WRIGHT, 1995; Rainsow, 1997; Kwok and Leung, 2005; Evie and
GIrARD, 2014). The similarity in the average water temperature of both water
bodies (28 °C) will undervalue the role of water temperature in increasing
harmfulness. On the other hand, the salinity as a factor enhancing the toxic-
ity to pollutants can be taken into consideration in this case, because the
salinity level of water of Lake Ahémé ranges 5-28 g/l (GNnoHossou, 2006;
NIYoNkuRrRy, 2007).

Developmental illnesses resulting from chemical and organic pollution
can direct to severe morphological deformities (BEnGTssoN et al., 1988; ELi
and GirarD, 2014). In the two localities studied, fish abnormalities were re-
ported which were connected to heavy metal and organic pollution.

As confirmed in preceding investigations (AL-Mamry et al., 2011a,b; Jawap
etal., 2012a, 2012b, 2012c; MaBrouk et al., 2014), ANova test analysis in the
current study revealed that large size specimens of C. auratus and M. cepha-
lus from the two localities studied had higher bilateral asymmetry values than
smaller young specimens (P < 0.001). It was obvious that the values of fluctu-
ating bilateral asymmetry of the four morphological and one meristic charac-
ters increased with fish size in both species (Tables 2 and 3). This tendency is
maybe the consequence of imperfect development; character means are al-
ways the lowest in smaller size classes (VALENTINE et al., 1973). Similar results
were gained by VALENTINE et al. (1973) in nominated fish species collected
from California, U.S.A. They recommended two possible theories that may
responsible for such a style; ontogenetic variations linked to an increase in
bilateral asymmetry with size (age), and possible historical procedures which
results in a secular increase in bilateral asymmetry. On the other hand, THiam
(2004) recommended that an increasing tendency in bilateral asymmetry
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values with fish size could be due to the fact that the large size individuals
had longer periods of contact to opposing environmental circumstances and
hence lose their steadiness in such environments.

An administration plan is immediately compulsory in order to reinstate
a healthy environment in Lake Ahémé. Numerous aquatic plant and animal
species within this water body have previously been unfavourably affected
(GNoHossou, 2006).
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