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Abstract: Problem statement: Reproductive success is a key factor in deterrgisipecies survival
and the unregulated discharge of industrial effisiénto rivers and streams in a developing country
like Nigeria, can impair reproductive ability in mdarget organisms like fish. Fish, generally
accumulate contaminants from their environmenhéirttissues and these can be transmitted through
the yolk lipids to the egg#\pproach: Prespawnindglarias gariepinus female brooders were exposed
to composite effluent mixtures from a food and bage industry (discharged into Ona river) for a
period of thirty days to determine its effect oowgth and fertility/reproductive success (viabild eggs
and survival of the fgeneration fries). Physico-chemical parametersfitient samples and exposure
concentrations were analyzed and effluent sampgefwiéher analyzed for heavy metals (Fe, Pb, Cd, Ni
Zn, Cu, Mn).Results. Exposure to the effluents caused decreased wWeilgB8%) and egg production (198
eggs) in the highest exposure concentration. Signif decreases (p<0.05) in the percentage ofeviedt)s
(71.25, 62.48 and 30.12%) of exposed females am@ipage survival of Fgeneration fries (68.68, 46.42
and 22.33%) with increasing effluent concentrati@s also observed in the order 0.00%> 4.40%> 6.60%
and there were no viable eggs and fingerlings @& highest exposure concentration(13.20%). Effluent
sample and exposure concentrations had acidic pgHoanDO values while effluent sample contained Fe
and Pb in concentrations above the specified stdnidg the National Environment Standards and
Regulation Agency (NESREA) for food and beveragdustry effluent discharged into surface waters.
Conclusion: The toxic nature of these effluents on the reprtider success ofC. gariepinus (a
commercially important freshwater fish in Nigerig)of great concern to sustainable fisheries ing#mt
measures to monitor effluent quality discharge thi® river are not implemented.

Key words: Reproductive success, food and beverage industaplev eggs, F generation fries,
Clarias gariepinus

INTRODUCTION Studies on the effect of pollution incidence on
reproductive success of commercial fisheries dads n
Release of complex mixtures of contaminants intconly provide information for managing fisheries and
natural habitats or the waters used for culturelé@do optimizing hatchery production, but can be used to
a wide range of effects on natural biota (Hoplehal.,  extrapolate the effects of environmental pollutimm
2004; Evans and Nipper, 2007; Chukwu and Okhumalg:eproductive functions of other vertebrates inchggi
2009; Chukwu and Lawal, 2010) including reducedhumans. In view of this, several indices of egg
reproductive success in fish (Kime, 1995; Hugla andluality (i.e., parameters which can predict the
Thome, 1999). Reproductive impairment in fish by gsuccess rate of developing embryos or larvae) for a

. C wide range of fish species in different environnsent
v?rleltgg(;f. éin?blotlcsk_htasl bizg g’v eLII retpolrtefg(gék.)l have been extensively studied (Kjorswtkal., 1990;
al., » Shatunovsket al., , Lyeetal., ' Shields et al., 1997; Lahnsteiner and Patarnello,

Ankley et al., 2001; Rickwoodst al., 2006a; 2006b;  >005: Thorseret al., 2003; Bell and Sargent, 2003:
Wu et al., 2007; Jezierskat al., 2000) and may paelandet al., 2003; Tveiteret al., 2004).

manifest in adults in form of decreasing quality Clarias gariepinus is a tropical species of
and/or quantity of gametes, which in turn may affec commercial importance. It is abundant in the witdi a
fertilization success, embryonic development, larvais the most widely cultured fish in aquaculture and
viability and subsequently species fitness andigatv homestead fisheries in Nigeria because of its hardy
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nature and ease of culture. It constitutes a n&jarce Induced reproduction: On the 30th day, three fish
of fish protein and is in high demand in Nigeriahus were randomly selected from each exposure
considering the world-wide decline in stocks of concentration, their wet weights were recorded and
important wild fish species and the unending inc@e  their gonads were stimulated. Male brooders wese al
of pollution in aquatic systems, investigationsitthe  randomly selected from holding tanks and their gisna
relationship between water quality and reproductivestimulated. Gonadal stimulation entailed the use of
success of commercially important fish species isOvaprinf™ at the rate of 0.5 mL kg of body weight.

expedient, hence this study. This was administered intramuscularly at an andle o
30-45° of the dorsal fin in the direction of thdl.ta
MATERIALSAND METHODS Injected fish were kept in separate tanks and entat

period of eleven h was allowed. After 11 h, male
Collection of effluent: Whole unfiltered effluent brooders were sacrificed and their testes collected
samples were collected from the points of dischafge individually in 100 mL conical flasks and storedtie
a food and beverage industry in Oluyole industrialrefridgerator as it had been observed that thes}ifen
estate, Ibadan, Nigeria in March 2010 and storetf@t  of fish sperm vary with the substrate within whitie
prior to usage. testes are kept and sperm also live longer periods
, , lower temperatures (Huisman and Richter, 1987).
Test animals: Seven-month-old pre-spawning brood gyripping of eggs for female brooders was done by
stocks of C.gariepinus with an average weight of applying gentle pressure to the abdominal area

208.00+5.20g were procured from a commercial fis Huisman and Richter, 1987). Eggs were stripped int

farm in Ibadan, transported to the laboratory ing. niatic howls, weighed and fertilized with thslt
oxygenated containers and kept in holding tank®I(25 ofympale by gentlé mixgi;ng in a plastic bowl contaigi

ggﬁgﬁ:gyr)gEzmgsefr\au\ﬁgreﬂaggﬂT 2},‘3‘2: tpOH I7a gg:a[;ulrgg% saline solution to ensure longer sperm viability
DO 6.05+0.38 mg L) for, a peric_>d of twb weeks. Eish Fertilized eggs were evenly spread into nurserylb®ow

were fed twice daily with a commercial fish food containing cacabands to simulate nursery grounds.

(Coppens® fish feed, 40% crude protein) at 3% body = . .

weight and uneaten food was siphoned out to preverﬁg'mat'on of broodstock fertility: Total num_be_rs of

accumulation of metabolites. eggs for each setup was counted and egg viabétgsr
were determined based on the percentage number of

Acute toxicological experiments. Whole unfiltered hatched eggs (Aluko and Ali, 2001) where:

effluents were taken as stock solution and required

volumes of each effluent were mixed together in the Eqq viability rate= —"°: of hatched eggs

ratio 1:1 (v/v) to obtain equal concentrations 6f30% 99 y total no. of eggs in a batch

(food: beverage) concentrations. This was taken as

stock solution. Batches of 10 female brood stoc&sew

exposed to exposure concentrations of 0.00, 40.0(5:rIeS were fed with A”erT"a 3 days post-hatch fOr 1
60.00 and 100.00% in a static bioassay for 96 fwmn days and subsequently with Coppens (0.5 and 1.0 mm)
replicates while male brooders were maintained irfor the duration of the experiment. The survivaeraf

the laboratory for the period of the experiment.Fi generation fingerlings after 42 days was deterthine
Standard procedures for bioassay as described Wiy the methods of Jensen (1996) where:
(Reish and Oshida, 1986) and OECD, 2002 were

used with slight modifications (12 g of fish to hif . no. of fries hatched alive
water). The experimental setup was observed for 96 Survival rate= — - —— hatchlings .
h and the 96 h Lg values were computed by probit
analysis (Finney, 2009).

10(

Physico-chemical parameters. Physico-chemical

Sub-acute experiments: Nominal fractions of the Lgg ~ Parameters like temperature, pH and DO were
values (4.40, 6.60 and 13.20%) and control expssureneasured for exposure concentrations and effluent
(0.00%) with no effluent added were used in asample with CS 933T Electrochemistry multimeter
static/renewal bioassay in two replicates for aiquer (Topac Instruments Inc.,). Effluent sample washert

of 30 days. Ten fishes (239.75+5.83 g) wereanalyzed for alkalinity, hardness, chlorides, plhadps
introduced into each concentration and the exposurand sulphates (Clesceri, 1998). Heavy metal corgént
concentration was renewed every 72hr for the domati effluent sample (Fe, Pb, Ni, Zn, Cu and Mn) was
of the experiment. analyzed with a HACH DR 890 Atomic Absorption
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Spectrophotometer (AAS). Values were compared witfProlonged periods of hatching were recorded ansl thi
acceptable limits for effluents discharged intofate  increased with increase in exposure concentratibfs
waters NESREA, 2009. 20 h in the higher concentrations as opposed th21B-

in control fish). Significantly (p<0.05) lower vadg
Statistical analysis: Toxicological dose response data were recorded for the total number of eggs thatHeat
for quantal (mortality) response were analyzed iy t from control exposures to the highest exposure. The
probit method (Finney, 2009). Data on fish wet vatig  highest exposure concentrations of 13.20% prevented
egg count and number of hatchlings across exposuigyg viability in exposed fish as there were no tilitgs

concentrations were analysed by one-way ANOVA(0.00%) in this exposure concentration (Table ). |
(differences between means were considered signific other words the quality of eggs produced also

when p<0.05) and Pearson’s correlation coefficientdetermined the survival of fries. As depicted irblEa2,
Correlations between parameters were consideregooy, survival was recorded from eggs derived froen th
significant at p<0.05. control (unexposed) fish while in exposure coneions,
0-46% of fries survived after 42 days. The survpralfile
RESULTS for F, generation fries of exposed fish revealed a
proportional decrease in survival of fingerlingsthwi
Fish in all exposure concentrations (except céntro increase in concentration while there were no sarsiin

were observed to be stunned for about 30 sec wiean t the highest exposure concentration (Table 2).
were introduced into the test media. Uncoordinated

swimming movements, hyperventilation, coughing and
occasional darting upward to gasp for air were nkesk o

after one h. Fish movement gradually became slaggis " YA s
especially in the highest exposure concentratidtes a 700 .

24 h, accompanied by occasional spasms. Thes¢
behavioral responses were absent in the control
exposures where no effluent was added. Dead fish we
covered in thick mucus. Prior to exposure and imtrax
exposures, fish were observed to have a black
coloration on the dorsal surface while the ventral 200
surface had a white coloration. The skin of fish in
exposure concentrations became mottled and a frayis
color was observed on the dorsal surface. The 96 F
LCsg values were 53.14 and 52.47% for Replicatesl and
2 respectively with an average mean value of 52.81%

400 + No. of hatched eggs

No. of hatched eggs

Linear (No. of hatched eggs)

0 -+ ¢
0 100 200 300 400

Final body weight (g)

(Table 1). 100% mortality was recorded in the 100.0 @

80.00 and 60.00% exposures while there were no 600

mortalities the control (0.00%) exposures. Y= 6.413% -1422.0
Fish in exposure concentrations lost weight ard th 500 R#=0.801

biggest weight loss (-5.33%) was recorded in tighdst *

concentration (13.20%) while fish in control expasu 100

gained weight (+1.56%). Significant decreases @5)0.

in weight were also observed between fish in
unexposed (control) concentrations and the 6.60 anc
13.20% exposures (Table 2). The weights of stripped
eggs were significantly smaller in the highest
concentration than that of the control (unexpogist)

¢ No. of Fjsurvivors

300

Linear (No. of Fy survivors)

200

No. of F, survivors after 42 days

100

tF 100 200 300 400

Table 1: Acute toxicity of food and beverage indysffluent on C. 100 Final body weight (2)
gariepinus female brood stock after 96 h T T
Mortality R1,; R2; ()
= -+ =
Téival g&é’;)gg 1134 25_914;)%112'1 Fig 1: (a) Final body weight df. gariepinus and no. of
LCso 53.14% 52.27% hatched eggs (b) Final body weight @.
LCe 19.61% 18.60% gariepinus and no. of Fgeneration fries
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Table 2: Change in wet weight, egg production, @eti@ge viability of eggs df. gariepinus and survival of Fgeneration fingerlings

No. of F; % Survival

Weight of No. of Total no. of generation of F;
Conc Initial Final % Change stripped Total no. hatt unhatched fries (at 42 generation fries
(%) weight (g) weight (g) in weight eggs (9) of egg eggs eggs % Viability days) (at 42 days)
0 283+32.53  286+33.94  0.87+0.69 1.51+0.85 982+55.18 700+50.91 282+ 4.24 71.25+1.18  481x41.01 68.68+ 0.88
4.4 247 £6.63 245+6.36° -0.81x0.21° 0.77+0.57 501+36.7% 31249.19  188+27.58  62.48+2.78 145+ 1.4% 46.42+ 0.91
6.6 235+2.83 231+4.24  -1.71x0.62° 1.26+0.33 819+211.42 248+7.07 571+134.35 30.12+1.63 55+ 14.14 22.33+1.28
13.2 239+11.31 231+1558  -3.39+1.94  0.31:0.08 198+4.98 0.0+0.00 198 +4.95 0.0+0.00 0.000.00 0.0+0.00

Values are means of triplicate readings+standaxiation means with same superscript along the saruenn are not significantly different (p>0.05)

Table 3: Pearson'’s correlation (R) values for fisight, egg production and larval viability

No of No of % Initial Final Change in  Weight of fBbno  Total no of %
Variables hatched eggs ~ survivors  survival weight ighte  weight (%) stripped eggs of eggs unhatchedegg Viability
no of hatched eggs 1 0.963 0.951 0.781 0.823 0.856 0.854 0.854 0.077 0.887
no of survivors 1.000 0913 0.858 0.885 0.816 0.716 0.716  -0.129 0.810
% survival 1.000 0.718 0.769 0.881 0.716 0.716 -0.109 0.977
Initial weight 1.000 0.995 0.790 0.518 0.518 -0.225 0.613
Final weight 1.000 0.844 0.565 0.565 -0.199 0.671
Percentage change in weight 1.000 0.684 .6840 -0.023 0.853
Weight of stripped eggs 1.000 1000 0.585 0.674
Total no of eggs 1.000 0.585 0.674
Total no of unhatched eggs 1.000 .090
% Viability 1.000

"= Correlation coefficient significant at p<0.05

Table 4: The values of physico-chemical charadiesi®f industrial effluent, exposure groups andSREA acceptable limits

Food and beverage NESREA
Parameters Control Exposures Industry effluent 9200
Temperature'C) 26.06+1.04 27.68+1.52 28.20+0.70 <40°C
pH 7.06+0.04 5.68+0.50 5.20+0.20 6.50-8.50
Dissolved Oxygen (DO) (mg'h) 5.02+0.38 3.20£1.40 0.20+0.05 6.00
Biochemical Oxygen Demand (BOD) (mg'L 2.06+0.03 27.70+£3.58 59.7246.36 50.00
Chemical Oxygen Demand (COD) (mg'L 5.304+0.18 105.60+18.24 378.80+15.40 90.00
Alkalinity (mg L™) 18.06+1.20 32.06+4.30 558.50+32.28 150.00
Hardness (mg &) 4.00+0.20 6.06+0.38 30.065.18 50.00
Total solids (TS) (mg &) 8.56+0.85 345.58+34.80 1650+32.50 2000.00
Total dissolved solids (TDS) (mg1) 2.75+0.30 103.28+11.30 685.20£33.20 -
Chloride (mg %) 2.30+0.03 35.80+4.50 215+18.50 300.00
Phosphate P&(mg L) - - 3.46x0.14 5.00
Sulphate S¢¥(mg L) - - 37.06+3.04 250.00
Iron (Fe) (mg %) - - 3.060.05 0.30
Lead (Pb) (mg ) - - 4.02+0.06 0.05
Zinc (Zn) (mg L% - - 0.86+0.12 3.00-5.00
Nickel (Ni) (mg L) - - 0.02+0.01 0.05
Copper (Cu) (mg 1) - - 0.030.01 2.00
Manganese (Mn) (mgt) - - 0.14+0.02 0.20

X + SD represents means + Standard Deviation efes&aINESREA = National Environmental StandardsRgulations Enforcement Agency

Test for relationship between the independent bégia and 0.801 (80%) of the trends observed in number of
(fish body weight) and the dependent variables merm hatched eggs and; Fgeneration fries after 42 days
of stripped eggs and viability of eggs) were catmeit  respectively was due to the changes in body weight
using Pearson correlation statistic. SignificartQ®5)  of the exposed fish.
positive correlations were observed between final The values of physico-chemical parameters are
weight of fish and weight of stripped eggs and Itotapresented in Table 4.Temperature values ranged from
number of hatched eggs and percentage viability 026.40-29.20°C and were within normal ambient
eggs (Table 3). Figure 1 and 2 shows a scattergflot temperature for tropical waters. Acidic pH (5.6018
the number of hatched eggs and fingerlings againswere recorded in all exposure concentrations except
the final body weight of parent fish (exposed feenal control exposures (7.06) with effluent sample being
brooders). A linear relationship was recordedmore acidic (5.40) than exposure concentrations.
between fish body weight and number of hatchedissolved Oxygen Concentration (DO) of effluent
eggs and survival of fries. The coefficient of sample was very low (0.25 mg™) but increased in all
determination (B indicated that about 0.676 (67%) exposure concentrations (0.80-5.40 grif)L Other
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parameters like Alkanility and COD had values of the same specie€(gariepinus) exposed to textile
higher than the National Environmental Standardsndustry effluent (Adeogun and Chukwuka, 2012).
and Regulation Agency (NESREA) effluent The 96 h LG, value of 52.81% reported in this
limitation standard for food, beverages and tobacc%tudy is higher than that of Vanerkeral. (2004) for

industries. Co_ncentranons of metals_ analyzed Wer‘f)hysico-chemically treated herbal pharmaceutical
not detected in exposure concentrations but effluen

. - 0 H
sample contained Pb and Fe in concentrations thaetg!uelntt (96dh2(;‘ggo/ 3?'00.41'OQ|A’(): onl__eb|_stes
exceeded NESREA’s permissible limit for effluents &ct'ata and 29.85% for juveniiel. gariepinus
discharged into surface waters and protection ef th€xP0sed o textile industry effluent. A higher s,@alue

aquatic environment by these industries. is expected in aduft. gariepinus because the magnitude
of toxic effect is directly proportional to corpbraurface/
DISCUSSION body weight of organisms and an advancement in

The reproductive output of a species is an imegraphysiology may confer ~better adaptation/coping

T . . : strategies to environmental stressors in adult fien
endpoint in fish toxicology studies and an impottan ; venile/ fingerlings fish (Murthy, 1986)
aspect of risk assessment for aquatic ecosyste d 9 9 Y, :

) . The mottled skin colour and poor outlook of
(Ankley et_ al., 2001). A wide array of chemlcals_ enter_s C.gariepinus may be as a result of depressed feeding or
the aquatic ecosystem from various sources (inetudi

: X 2 C : starvation in fish during the exposure period. Adaagy
industrial wastewater) and elicits responses th@@ir 5 McCue (2010), starvation can be referred to as a

reproduction in fishes (Anklegt al., 2001). Survival of  piological condition wherein a post-absorptive aaiim

a species is highly dependent on the reproductivetherwise willing or able to eat, is unable to doas a
success of the species in question and for ecomtignic result of some external influence such as anthrepiag
relevant species, water quality monitoring is neagg  disturbance. Severe anthropogenic disturbance among
to aid evaluation of challenges posed by incidence other factors like long-term ecological change t=ad
pollution (Adeogun, 2004). Behavioural reponsesto long and frequent bouts of starvation. Desplite t
(uncoordinated swimming movement, hyperventilation,continuous use of energy for the purpose of sutviva
coughing and occasional darting movement) to poofost animals do not process food all the time, éenc
water quality in expose€. gariepinus broodstock, is €aving them dependent on endogenous physiological
an indication of the toxic effect of the food and fuels for important processes such as survival and

: I . reproduction (Karasov, 1986; Dunhaeh al., 1989;
bev_erage industry _effl_uent eliciting behawour?zlmges_ Nagy et al., 1999; Whittow, 2000). In other words,
in fish. These deviation from normal behavior ighfi

furth firmed wh h situations such as a sustained change in wateityual
was further confirmed when such responses were NQlyp jnqyce starvation leading to reliance on endogs

observed in the control setup with no effluenthaligh  fye| hence disrupting the balance between the body
the physiological effects of numerous chemicalsehav mass and energy flux within the organism. Exposures
been evaluated, fish behavior is an endpoint thabt  of fish to industrial effluent resulted in poor wat
often used in toxicological assessment in spitéhef quality as evidenced by acidic pH and low DO in
fact that this parameter has the potential for imse exposure concentrations with the exception of waére:
toxicological studies as a sensitive indicator ofcontrol. These values were below the acceptablislim
reproductive impairment or other expressions offor maintenance of aquatic life NESREA, 2009. The
toxicity (Matthiessen and Logan, 1984; Scott andtendency towards slight acidity in exposure
Crossman, 1985). Littlet al. (1993) observed that concentrations could result in inhibition of growth

behavioural changes in fish occur 75% earlier ten leading to _significant weight loss in fish in thiglhest
onset of significant mortality in fish. Some other concentration. Ikuta and Kutamara (1995) obserkat t

authors have reported similar observations in wifie the stress of acidification induced various physgetal

. ) . and ecological problems in fish. The low level of
fish species. For exgm_ple, Srlvasta_eaal. (2007) . dissolved oxygen in effluent sample and exposure
reported hyper excitation, convulsions and rapid

¢ ' concentrations (in spite of artificial respiratiampy be
opercula movement inLabeo rohita and Channa  qye to the high level of organic material in effiti¢hat
punctatus exposed to paper mill effluent Pathetnal.  requires high levels of oxygen for chemical oxidati
(2009) observed hyperexcitation, erratic swimming,and decomposition. This may explain the high lefel
convulsions and jerky movement inRasbora COD in effluent sample and may have grave
daniconius exposed to paper mill effluent. Consistentimplications for the survival of aquatic organisthsit
with these reports are temporary loss of equiliitiu require a DO range of 5.40-8.50 mglfor survival
hyperventilation and hyperactivity in juvenile meens  (Fakayode, 2005). Acidic pH coupled with low DO
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may have a negative impact on the ability of fish t study, significant decreases (p<0.05) in number of
feed resulting in starvation and subsequent wdiggs  hatched eggs and percentage viablilty of eggs with
in parent fish. Sub-lethal acid stress affectsincrease in concentration was observed. A number of
reproduction in fish and lkuta and Kitamura (1995)authors have indicated that mill effluents can etffesh
reported that when mature rainbow trout were reared reproduction in multiple ways with the most notable
pH 4.5 just prior to spawning, the eyeing rate €0d and consistent responses being decreased egg
indicating normal development) of embryos from production (Ankleyet al., 2001; Rickwoodet al.,
females exposed to acidic waters decreased drldasticazo%a; 2006b: Robinson, 1994: Kovagtsal., 1995
even when embryos were cultured in neutral water af goryon gt 5., 2000; 2003; Hewitet al., 2008). Ankley
fertilization. ~ In  land-locked ~ sockeye salmon, o 5 "(5001) reported a significant decrease in fedyndi

Onchorhynchus nerka, the embryos of mature female of the fathead minnowP{mephales promelas) exposed

ig’g;i?{;doﬁ; SVgei.c()KH:%J?ap Igr% ?f&fazsb%go)ee%er:n% multiple point discharges from eleven Canadian
| industry effluents and concluded that egg productio

concluded that sub lethal acid stress at pH 5 meyde vely aff d . ¢ offt
failure of immune and reproductive functions thrbug was negatively affected at concentrations of efitue
lower than approximately half the effluent

the alteration of physiological mechanisms inclgdin ¢ ; ) e )
the actions of endocrine factors. Oxygen is poatigti concentrations that negatively impacted in vitreraid

as essential to energy production in animals as thBroduction indicating that variations in egg proom
nutrients derived from food intake (Kramer, 1987jia May be a cheaper and early indicator of fish respda
decreasing available ;On holding water for fish will —environmental stressors. The highest concentragion
lead to conservation of energy behaviourally andl3.20% in this study prevented egg viability asréhe
physiologically (Kramer, 1987). Egg production ishf ~ were no hatchlings at this concentration. Thisdatks
represents a considerable energetic investment anmdproductive failure and a negative reproductivel en
depressed DO has the potential to limit fishpoint at concentrations that did not affect fishvaral.
reproductive output (Kramer, 1987). The low DOliet Rickwoodet al. (2006a) exposed mature adult fathead
highest exposure concentrations resulted in the fewhinnow to bleached kraft pulp mill effluents and
number of eggs produced and the inability of egys treported that egg production was completely halited
hatch leading to reproductive failure in fish aesh  one of the effluents used in the 11-mill surveyniro
oxygen concentrations. Some authors have indicateghckfish bay in which effluent concentration didt no
that under true hypoxic conditions (DO<2.0 .mgl)L exceed 40%. On-site exposures were subsequentijtaise
fertility and hatching success was decreased imtOm o the effects of various process streams witienmill
carp Cyprinus carpio and  atlantic  croaker o ent pefore secondary treatment and the cordbine

Micropogonias undulatus (Wu et al., 2003; Thomast alkaline stream caused decreased spawning evedts an
al., 2006). Wanget al. (2008) reported that hypoxia decreased egg production (Rickwcmd].,pZOOGa?.

(DO 1.0:0.2 mg L) did not prevent gonad The correlation of e uality with somatic
development in or oocyte formation in common carp €99 9 y "
parameter showed a significant (p<0.05) positive

(C. carpio), but retarded final oocyte maturation and X A . i .
prevented spawning. Oocytes developed to the posf€lationship with the final body weight of fish atioe

vitellogenic stage but final oocyte maturation andNUmber of surviving Fgeneration fries after 42 days.
subsequent ovulation was impaired. They concluded NiS indicates that the body weight of a female fis
that disruption in development was related to abrooder has significant implications for egg vidbil
decrease in serum Luteinizing Hormone (LH) thatand subsequent offspring survival as indicated hgy t
regulates final oocyte maturation. higher weight of eggs and % survival of offspririgs

Fish expend a lot of energy for growth andcontrol fish compared with exposure concentrations.
reproduction and the weight loss observed withThe survivorship of the Fgeneration fries after 42-days
increasing concentration of effluent may have aof hatching is a very significant index of egg duyal
negative impact on fish fecundity and fertility @@en  because it is a measure of the quality of the eexlogs
and Vijayaraghavan, 1995). This in turn can undeemi reserves contained in the yolk sac and the intrinsi
the quality and quantity of eggs produced by asurvival potential of the larva (Gimenet al., 2006).
reproducing adult. Lahnsteiner and Patarnello (2005Such observation gives credence to the hypothdsis o
and Bonnetet al. (2007) are of the opinion that the transfer of contaminants from parent to eggs. The
representative criterion of the quality of a batéleggs ~ extent to which the body weight of the brood-stock
produced during spawning is the proportion of thosdnfluenced the total number of eggs hatched and the
eggs which successfully complete development im¢o t survivorship of the Fgeneration fries is reflected by
next distinct biological stage of its species. Fois the coefficient of determination fR The high
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percentage (67 and 80%) obtained for number ofluko, P.O. and M.H. Ali, 2001. Production of eight
hatched eggs and fries after 42 days respectiaiybe types of fast growing intergeneric hybrids frésar
explained by the change in body weight of the egdos clariid species. J. Aquac. Tropics., 16: 139-147.
female brood stock. Similar results describing theAnkley, G.T., K.M. Jensen, M.D. Kahl, J.J. Kortedan
relationship between parent fish and egg produation E.A. Makynen, 2001. Description and evaluation
other fish species (Gerking, 1978; Springate and of a short-term reproduction test with the fathead
Bromage, 1985; Marsh, 1986; Hutchings, 1991) &nd minnow  (Pimephales promeleas).  Environ.
gariepinus (Sule and Adikwu, 2004) have been Toxicol. Chem., 20: 1276-1290.
reported. According to Sule and Adikwu larger Begum, G. And S. Vijayaraghavan, 1995. Chronic
broodstocks produced larger and heavier eggs which effects of dimethoate on the reproductive potential
turn produced heavier fry with higher survival sate of the fresh-water teleostClarias batrachus.
They further stated that this could be as a resfilt Pestic. Sci., 44: 233-236. DOI:
larger egg y_o_Ik reserve in larger eggs. _ 10.1002/ps.2780440305

The ab|_I|ty of heavy_metals to cause deletenous%e”' J.G. and J.R. Sargent, 2003. Arachidonic écid
effects on fish reproduction and gamete developmen ;

aquaculture feeds: Current status and future

have been reported (Kime, 1995). Delistraty anch&to - ) )
(2007) observed that low concentrations of lead OPPOrtunities. Aquaculture, 218: 491-499. DOLI:
10.1016/S0044-8486(02)00370-8

negatively impacted fish health and reproductiam. | _ )
this study, lead (Pb) concentrations in the indaistr Bonnet, E., A. Fostier and J. Bobe, 2007. Microgira
effluent were reported to be above acceptabledifoit based analysis of fish egg quality after natural or
effluents discharged into surface waters NESREA, controlled ovulation. BMC Genomics, 8: 55-55.
2009. This observation calls for concern considgrin DOI: 10.1186/1471-2164-8-55

previous studies confirming the reproductive tdyicif  Borton, D.L., W.R. Streblow, P.A. Van Veld, T.J.IHa
lead to fish (Thomas and Trant, 1989; Thomas, 1990) and T.M. Bousquet, 2003. Comparison of potential
biomarkers to reproduction during fathead minnow
(Pimephales promeleas) life-cycle tests with Kraft
mill effluents. Proceedings of the 3rd Internationa
Conference on the Environmental Fate and Effects
of Pulp and Paper Mill Effluents, Rotorua, New

CONCLUSION

This study has demonstrated that exposur€.of
gariepinus female brood stock to food and beverage

industry effluent resulted in reproductive impairme
fish in lower exposures and reproductive failuretia

Zealand, Nov. 9-13, SETAC, Pensacola, FL, USA.,
pp: 459-470.

highest exposure concentration. This was subselguentgyrion D.L.. W.R. Streblow. T.M. Bousquet and D.L.

reflected in the significantly low survival ratektbhe R

generation fries of eggs from parent fish indiogrmoor
species fitness and larval survival. Since reprtdec
success is a key factor in determining speciesiwalyv

Cook, 2000. Fathead minnow Pifnephales
promeleas) reproduction during multigeneration
life-cycle tests with kraft mill effluents.
Proceedings of the 4th International Conference on

it is suggested that studies like this should cemant

other indices of reproductive success, for example, Industry Report 417, (EIPPIR’ 00), Finnish
biochemical and physiological markers to ensure  Epvironment Institute, Helsinki, pp: 152-157.
effective management of local fauna and presematiochykwu, L.O and O.S. Lawal, 2010. Joint Action
of species diversity in this and similar rivers e®ing Response and Haematological Profile  of
industrial effluents. Macrobrachium vollenhoevenii (Herklots, 1857)
exposed to binary mixtures of spent lubricant oil
and dispersant. Res. J. Environ. Sci., 4: 115-126.
Chukwu, L.O. and B.O. Okhumale, 2009. Mode of joint
action response to binary mixtures of three refined
petroleum products by Nile tilapi®reochromis
Zoologist, 9: 70-77. niloticus fingerlings. Sci. Res. Essay, 4: 806-811.
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