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Abstract: The influence of female age and size on reproductive success and egg quality was investigated in
Chrysichthys nigrodigitatus. Three confined groups were formed following fish age and size during spawning
period. The results show that spawning rate increased with female age and size. Spawning rate was similar in
3+and 4+ females (80 %). But only 50% of 2+ females have spawned. Absolute fecundity of C. nigrodigitatus
was higher in 4+ females (98774£386) than in 2+ ones (6939+£1024). The 3+ females had an intermediate absolute
fecundity (8378+797). Nevertheless, relative fecundity decrease when the age of females increase. Moreover,
egg size 1s positively strength correlated with female age. The 4+ females with a larger body size have produced
large size eggs and larvae. Similarly, the hatching rate was higher in 4+ females intermediate in 3+ females and

lower in the 24 ones.
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INTRODUCTION

In Ivory Coast and in other countries of West Affrica,
Chrysichthys nigrodigitatus 1s one of the African catfish
that are of a commercial mterest. The current knowledge
indicates that this species spawn for the first time at
2-3 years (Dia, 1975). C. nigrodigitatus has a great
aquaculture potentials (Erondu, 1997). Its repreduction
takes place during ramny and flooding
(Laleye et al., 1995).

The rearing of this species in Ivory Coast, started
mn the years 80 (Hem and Nufiez-Rodriguez, 1995).
These authors reported that the production of farmed
C. nigodigitatus has jumped from 1981-1995 to attend
300 tonnes per year for a market value of 684, 932€. But,
since 2000, the amual production of this fish 1s
approximately 60 tormes (FAO, 2005). Deficiency of larvae
and fry remains one of the main obstacles limiting the
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expansion of intensive production of this species. This
deficiency comncides with using of younger breeders for
reproduction because of the scrapping of the previous
breeding stock.

Previous studies in teleosts fish have reported that
parental age seems to affect, fecundity (Abdoli et al,
2005; Poulet, 2004), egg size (Estay et al., 2004) and sperm
quality (Schmidt-Baulain and Holtz, 1991 ). Wherever, the
influence of breeder age on reproductive success is not

even determined in C. nigrodigitatus both m natural and
captivity populations.

The aim of this investigation was to study the
influence of parental age on spawning rate, fecundity and
egg quality in C. migrodigitatus teared 1n lagoon
enclosures.

MATERIALS AND METHODS

Reproduction: The broodstock used in this study was
obtained from culture ponds of Layo Aquaculture Station
(5°19" N, 4°19° W, Ivory Coast) and these fish were never
used for reproduction. Three months before the
reproduction season, three groups of males and females
aged more than 2 (2+), 3 (3+) and 4 (4+) vears were
previously stocked in cages in the Ebrmé Lagoon This
broodstock was fed at 7% of the biomass twice daily
(8 00 and 17 00) with pelleted food containing 35% crude
protein manufactured in Layo Aquaculture Station.

At the end of the period of fish dressing, an intra
ovarian biopsy was realized for each female. The
diameters (short and long) of 30 oocytes of each female
were measured at the nearest half millimeter under a
compound microscope using an ocular micrometer
(10-fold magmification). Females selected for reproduction
have mean oocytes diameter superior to 2.5 mm according
to Atse et al. (2007). After selection, each female was
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measured (total length) and weighted to the nearest
0.5 mm and 0.01 g, respectively. The mature males were
chosen according to Atse ef al. (2007). The characteristics
of fish in regard to the age are presented in Table 1.

Ten couples per group were constituted and enclosed
1 artificial PVC nests. These nests were put in concreted
tanks supplied with water of the Ebrié lagoon via a
water-tower. Daily water exchange i the tanks was
15T, min~". During the period of the confinement, the fish
were not fed. The nests were controlled daily (7 and 17 h)
to verify the state of fishes and to detect possible spawn.
After spawning, the couple of fish was removed from the
nest and transferred in lagoon enclosures. The eggs were
collected, weighed and transferred in incubator system at
29-30°C dwring 4 or 5 days. Before the incubation, a
sample of eggs was weighed and counted in order to
determine the absolute fecundity (N) according to the
formula;

N =n x We/Ws

Ws = weight of the sample, n = number of eggs contained
in the appropriated sample and We = total weight of the
eggs.

Relative fecundity was defined as the number of
oocytes or eggs per gram of female total body weight
(Kraus et al., 2002).

A sub-sample of 30 eggs was taken, for individual
weight and the diameters of each egg were measured at
the nearest half millimeter under a compound microscope.
The sampled eggs were preserved at -20°C for the
biochemical analyses. Fgg mean diameter (D) was
calculated according to Coward and Bromage (1999):
D = (d, + d,)/2; with d, = long diameter and d, = short
diameter.

At hatching, non hatched eggs of every couple were
counted and hatching rate (Hr) was determined according
to the formula:

Hr (%) = 100 = (Ni-NnyNi

Table 1: Characteristics of Chysichjthys nigrodigitatus broodstock and
reproductive success

Broodstock
Parameters 2+ 3+ 4+
Male body weight (g) 30420438 400 521.64461.31° 73077175
Female body weight (g) 312.204£36.45  500.92£118.33° 618.60+85.74°
Male total length (cmm) 33.8942.52* 36.97£1.52° 38.90+3.18°
Female total length (cm)  30.13+1.37 3377164 35.61+1.95°
Male condition factor 1.01+0.10 1.15+0.12 1.25+0.16
Female condition factor ~ 1.08+0.12 1.19+0.14 1.28+0.17
Spawning rate (%o) 50 30 30
Oocyte diameter (rrum) 2.67£0.24 2.73 £0.14* 279 £0.14°
Absolute fecundity (eggs) 6939+1024* 8378797 98774386
Relative fecundity (eggs/g
of female) 20.67+4.49° 16.39+1.31° 14.39+0.74

wMean values with different superscript letters within a row are
significantly different (p<0.05)
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with Ni = number of incubated eggs and Nn = number of
the non hatched eggs. Thuty larvae by female were
individually weighed, total length and the diameter of the
yolk vesicle were measured under
microscope. These larvae were preserved at-20°C for
biochemical analyses.

The other larvae were reared in circulars tanks and
production was determined for each group after yolk
vesicle resumption.

a compound

Biochemical analyses: The approximate compositions of
the eggs and the larvae at hatching were analysed using
standard methods (AOAC, 1990). Moisture content of
each sample was determined through a hot-air oven set at
105°C for 24 h and ash was measured by ncineration at
550°C m a muffle fumace for 24 h. Crude protein
(Nitrogen = 6.25) was determined using micro-Kjeldahl
method and crude fat was extracted (hexane extraction)
using the Soxhlet method. Energy of samples was
determined according to Beukema and De Bruin (1979)
{17.9 kT g™ for protein) and Beninger and Lucas (1984)
(33 kT g for lipids).

Statistical analyses: All group data were analysed using
one-way ANOVA. The Tukey’s HSD ranking test was
used to compare the differences among means. Simple
regression analysis was used to examine the relationships
between fecundity-egg diameter and egg weight-larvae at
hatching weight. Statistical analyses were carried out with
Statistica 7.1 software.

RESULTS

Spawning rate and fecundity: Spawning rate and the
absolute fecundity increased significantly (p<<0.05) with
female age (Table 1). Values of these parameters were
lower for 2+ females, intermediate in 3+ females and higher
for 4+ females. On the other hand, relative fecundity
decreased sigmificantly (p<0.05) with increasing female
age (Table 1).

Characteristics of eggs and larvae at hatching: Egg
diameter and weight were female age dependent (Table 2).
The 4+ females produced larger eggs (p<0.05) than the
other ones. The lowest values of egg weight (15.31+1.80)
and diameter (3.09+0.25) were obtained in the youngest
females (2+). Whereas, intermediate egg mean diameter
(3.4820.16) and weight (18.94+1.47) were recorded for 3+
females. Fgg diameter was significantly and positively
correlated with absolute fecundity (Fig. 1; r=0.90, n=18;
p<0.001). Total lipids, proteins and energy contents of
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Table 2: Characteristics of eggs and larvae at hatching Chysichjthys rigrodigitatus in regard to broodstock (mean + 8D)

Broodstock
Parameters 2+ 3+ 4+
Eggs
Weight (mg) 15.31%1.80° 18.941 47 20.64+1.74°
Diameter (mm) 3.00+0.25* 3.48+0.16° 3678012
Incubation times (Days) 4.50+0.50¢ 5.50+0.25" 5.25+0.75
Hatching rate (%6) 75.6746.12° 89,4044 00° 96.50 £ 3.27°
Dry matter (%6) 33.85+0.88* 34.48+0.76* 35.84+0.68
Ash (®9) 3.38+0.03 3.4440.05 3.50+£0.05
Total lipids (mg/g of dry matter) 317.4242.200 326.95+2. 54 332.36+2.00F
Crude protein (mg/g of dry matter) 6524643 442 663.1443. 85" 665.71£2.7%
Energy contents (kJ/g of dry matter) 22.14+0.11¢ 23.66+0.06° 23.88+0.06°
Larvae
Larvae weight (mg) 12.8240.93¢ 15.28+0.81° 17.14+0.64°
Larvae total length (mm) 9.30+0.39¢ 9.75+0.20° 11470167
Yolk vesicle diameter (mm) 3.01+0.22¢ 3.4340.18° 3.60+£0.18
Dry matter (%) 33.06=0.97* 33.61+0.48° 34.86+0.71°
Ash (9%) 2.31+0.03 2.30+0.04 240003
Total lipids (mg/g of dry matter) 212.67+2.34° 239.73£2.05° 260.45£1.72°
Crude protein (mg/g of dry matter) 643.92+2.94¢ 658.51+£2.08 662.47+4.45
Energy contents (kJ/g of dry matter) 18.54+0.66° 19.71+0.26"° 20.45+£0.22°
* Mean values with different superscript letters within a row are significantly different (p<0.05)
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Fig. 1: The linear regression relationship between egg
diameter and absolute fecundity in female of
Chrysichthys nigrodigitatus (2+ (2), 3+ (+) and 4+
(®); n=18, p<0.05)

egg at spawming and the mcubation times were also
affected by the age of the broodstock even if proteins and
incubation duration were the same for eggs produced by
3+ and 4+ fish. The lower values of these parameters were
obtained m 2+ fish (Table 2).

Hatching rates also depend on fish age. Values
increased with increasing the age of fish (Table 2). At
hatching, larvae weight, total length and yolk vesicle
diameter for 4+ females were lugher (p<0.05) than those
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Fig. 2: The linear regression relationship between larvae

weight and egg weight in  Chrysichthys
nigrodigitatus (2+ (a), 3+ (+) and 4+ (@), n = 18,
p<0.05)

of the females of the 2 other groups. Body weight of
larvae was positively correlated with egg at spawning
weight; larger egg did produce larger larvae at hatching
(Fig. 2). Total lipids, proteins and energy contents of the
larvae at hatching were affected by female age. Values of
these parameters were sigmificantly higher (p<0.05) in the
oldest females (4+) than the youngest ones (2+) (Table 2).

Production of larvae increased with fish age. The
values were 22929, 59023 and 74364, for 2+, 3+and 4+
fish, respectively.



Res. J. Anim. Sci,, 2 (5): 139-143, 2008

DISCUSSION

Spawmng rates were higher in 3+ and 4+ females than
in the youngest females (2+). Ovulation and spawning in
fish depend on hormonal secretion; thus, our results
reveal that fish of 3 years old and more were in the best
condition to spawn. This could explain the fact that the
sexual maturity and the first spawning period take place
about 3 vears in this species in natural habitat (Dia,
1975). In female catfish Ictalarus punctatus, the 3+
females would have the best reproductive performances
because their plasma sex hormone concentrations were
higher than the 2+ females (Davis et al., 2005).

Absolute fecundity and relative fecundity evolved
mversely in relation to female age. Absolute fecundity
mcreased with age of the females whereas relative
fecundity drops in aged females. The increase of absolute
fecundity with age would indicate that in the 4+ females,
the amount of energy available for egg production 1s
sufficient to produce many eggs. This increase of
fecundity would also show that the 4+ fish were able to
increase the quantity of reserve attributed to egg
development proportionally to the number of eggs and
the egg quality increased. The body cavity of these
females would also be accommodating for stocking great
ovaries (Kennedy et al, 2008). Whereas, the effect of
female age on fecundity is variable. Among teleost fishes,
trade-offs between number and size of eggs has been
demonstrated both within freshwater and marine fishes
(Elgar, 1990, Einum et al., 2004; Abdoli et al., 2005).
Therefore, egg size 1s depends on selective pressures and
egg number. The relative fecundity decreased in the 4+
females because of the high body weight of these females.
The reduction of the relative fecundity with age indicates
that the potential reproductive of the population
would especially be founded on the young females
(Poulet, 2004). Similar, observations were reported in the
same species in natural population (Ekanem, 2000) and in
other species such as Gadus morhua (Kraus et al., 2002)
and Salmo trutta (Estay et al., 2004).

The relative fecundity obtained in all female groups
was ranged from 14.39-20.67 eggs/g of female total body
welght. Those values were sunilar to that reported by
Oteme (1993), for the same species. However, the values
obtained in this study were higher than those reported in
natural population in Porto Novo lagoon (Laleye et al.,
1995) and m Cross River (Ekanem, 2000) for the same
species.

Egg at spawning diameter and weight, in C.
nigrodigitatus were dependent on parental age. Female
spawning for the first time produced small eggs, whereas
eggs produced during the second year are larger and old
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fish (4+) produced largest and heaviest eggs. A positive
parental effect (age in the present study) on egg size has
been observed in Salveinus alpinus 1.. (Atse, 1997).
Furthermore, the parameters of regression of egg at
spawning diameter on the absolute fecundity showed
that in C. rigrodigitatus, there is a positive correlation
between these two parameters. The high size of the egg
produced by 4+ females would be due to their lipids and
proteins contents resulting of the important mobilization
of energetic reserves during oocyte maturation. Thus, for
2+ females, the capacity to transfer protein and lipids from
the somatic body to the oocytes in maturation would be
limited. In teleosts fishes, egg size and egg energy
content were shown to be largely dependent on the
females’ mutritional status (Brooks et al., 1997) and abiotic
factors (Atse et al., 2002). In the present study, feeding
rate, diet and environmental conditions were similar
among groups. Therefore, the results show that the oldest
broodstock invest relatively more energy into offspring
than the youngest ones (Estay et af., 2004). On the other
hand, Paugy (2002) have reported that in C. maurus in
Baoule River, fecundity is low when oocyte size is large.
Therefore, relationship between egg size and absolute
fecundity would depend on species and environment
conditions of broodstock.

Otherwise, ours results indicate that 1n
C. nigrodigitatus, egg at spawning size influenced the
larva at hatching. The larger eggs produced larger larvae
with a better hatching rate. Similar, results were reported
1n other species by Bromage et al. (1992). Hatching rates
and egg energy contents were higher in 4+ females than
in other ones. This would indicate that the 4+ females
produced eggs which have the best quality.

CONCLUSION
The results of this study showed that the
reproductive success and the egg quality m C.

nigrodigitatus were influenced by age of the parents.
The 4+ fish produced better eggs with high quality.
Furthermore the production of larvae was best when the
fish were age.

REFERENCES

Abdol, A., D. Pont and P. Sagnes, 2005. Influence of
female age, body size and environmental conditions
on annual egg production of bullhead. I. Fish Biol,
68:1327-1341.

AOAC (Association of Official Analytical Chemist), 1990.
Official Methods of Analysis. 16th Edn. Section
954.02 Fat (Crude) or ether Extract in Pet Food,
1: 79-80.



Res. J. Anim. Sci,, 2 (5): 139-143, 2008

Atsé, B.C., 1997. Evaluation de I’impact de I’élevage en
eau de mer sur la croissance, le métabolisme
energétique et le succes reproducteur de 1’omble
chevalier (Salvelinus alpinus 1..). These de Doctorat,
Université du Québec & Rimousli, Canada, pp: 134.

Atse, C.B., C. Audet and J. De La Notie, 2002. Effects of
temperature and salinity on the reproductive success
of Arctic charr. Salvelinus alpinus (1) FEgg
composition, milt characteristics and fry survival.
Aquacult. Res., 33: 299-309.

Atsé, B.C, K. Pangni and N.J. Kouassi, 2007.
Induction de la premiere maturation sexuelle et succes
reproducteur chez  Chrysichthys  nigrodigitatus
siluriformes. Claroteidae (lacépede, 1803) en milieu
d’élevage. J. Tvoir Limnol. Océanol., 4 (1) 31-40.

Beninger, P.G. and A. Lucas, 1984. Seasonal variation in
condition, reproductive  activity and  gross
biochemical composition of 2 species of adult clam
reared in a common habitat: Tapes decussatus 1.
(Jeyftreys) and Tapes philippinarum (Adam and
Reeve). I. Exp. Mar. Ecol., 79: 19-37.

Beukema, J.J. and W. De Bruin, 1979. Calorific values of
the soft parts of the tellinid bivalve Macoma balthica
(I..) as determined by 2 methods. J. Exp. Mar. Ecol,,
37:19-30.

Bromage, N.R., . Jones, C. Randall, M. Thrush, B. Davies,
I. Springate, I. Duston and G. Barker, 1992.
Broodstock management, fecundity, egg quality and
the timing of egg production in the rainbow trout
(Oncorhynchus mykiss). Aquaculture, 100: 141-166.

Brooks, S., R.C. Tyler and I.P. Sumpter, 1997. Egg quality
in fish: What makes a good egg? Rev. Fish Biol.
Fish., 7: 387-416.

Coward, K. and N.R. Bromage, 1999. Spawning frequency,
fecundity, egg size and ovarian histology in groups
of Tilapia zillii mamtamed upon 2 distinet food
ration sizes from first-feed to sexual maturity. Acquat.
Living Resour., 12 (1): 11-22.

Davis, K.B., B.A. Simco and J.T. Silverstein, 2005.
Relationship of gonadal development to body size
and plasma sex hormone concentrations in female
channel catfish. Nor. Am. J. Aquacult., 67: 259-264.

Dia, AK., 1975. Détermination de 1’age des méchoirons
Chrysichthys nigrodigitatus: Premieres estimations
de la croissance. Document Scientifique Centre de
Recherches Océanographiques, Abidjan, pp: 139-151.

Einum, S., M.T. Kinnison and A.P. Hendry, 2004.
Evolution of FEgg Size and Number. In: Hendry,
AP.and S.C. Stearns (Eds.). Evolution Tlluminated:
Salmon and their Relatives New York: Oxford
University Press, pp: 126-153.

Ekanem, S.B., 2000. Some reproductive aspects of
Chrysichthys nigrodigitatus (Lacépede) from Cross
River, Nigeria. Naga, The ICLARM Quaterly, 23. Data
on line www.worldfishcenter.org/naga/23-2/fbl pdf.

143

Elgar, M.A., 1890. Evolutionary compromise between few
large and many small eggs, comparative evidence in
teleost fish. Oikos, 59: 283-285.

Erondu, E.S., 1997. Aspects of the bhiology of
Chrysichthys nigrodigitatus in the New Calabar
River and its aquaculture. Ph.ID Thesis of the
University of Nigeria, Nsukka.

Estay, F.J, R. Noriega, J.P. Ureta, W. Martin and
N. Colihueque, 2004. Reproductive performance of
cultured brown trout (Salmo trutta L) in Chile.
Aquacult. Res., 35: 447-452.

FAO, 2005. Les productions en ressources halieutiques
de la Céte d’Ivoire. FAOSTAT Agriculture Data URL:
http://apps.fao.org/page/collections 7subset=
agriculture, consulté le, 18-12-2007.

Hem, S. and I. Nufiez-Rodriguez, 1995. L. aquaculture du
méchoiron (Chrysichthys nigrodigitatus, Tacépede,
1803) en Cdte d'Tvoire: un exemple de recherche
pour le développement. In Agnese, IF. (Ed.).
Atelier Biodiversité and Aquaculture en Afrique,
CRO/UE/ORSTOM, Abidjan, pp: 21-23.

Kemedy, I., P.R. Witthames, R.D.M. Nash and C.J. Fox,
2008. Is fecundity in plaice (Pleuronectes platessa L)
down-regulated m response to reduce food intake
during autumn? T. Fish Biol., 72: 78-92.

Kraus, G., J. Tomkiewicz and F.W. Koester, 2002. Egg
production of baltic cod (Gadus morhua) in relation
to variable sex ratio, maturity and fecundity. Can. T.
Fish Aquatic Sci., 59: 1908-1920.

Laleye, P.A., I.C. Philippart and I.C. Heymans, 1995. Cycle
anmiel de 1'indice gonadosomatique et de la

de Chrysichthys
(Siluriformes, Bagridae) au lac Nokoue et & la lagune
de Porto Novo au Bénin. Cybium, 19: 131-142.

Otémé, 7., 1993. Reproduction et fécondité du méchoiron
Chrysichthys nigrodigitatus en élevage. J. Ivoir
Océanol. Limnol., 2: 53-59.

Paugy, D., 2002. Reproductive strategies of fishes in a
tropical temporary stream of the upper Senegal basin:
Baocule river in Mali. Aquat. Living Resour., 15: 25-35.

Poulet, N., 2004, Le sandre (Sander lucioperca 1.):
Biologie et dynamique des populations en camargue
(Bouches du Rhéne, France). These de doctorat.
Discipline: FHcologie des populations piscicoles.

Toulouse III, Toulouse, France,

condition chez deux especes

Université de
pp: 300.

Schmidt-Baulain, R. and W. Holtz, 1991. Effect of Age and
Stage of Spawning Season on Output, Fertilizing
Capacity and Freezability of Rainbow Trout
(Oncorhynchus mykiss) Sperm. Proceedings of the
4th International Symposium on the Reproductive
physiology of fish. Norwich, pp: 338.



