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WATER QUALITY CONSIDERATIONS FOR THE CULTURE
OF TROPICAL EDIBLE FROG (HOPLOBATRACHUS OCCIPITALIS)
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Good water quality is necessary for artificial cultivation of frogs. There has not been a recommended
value for water quality in frog culture.

This study was undertaken to determine the ranges of some water quality parameters for the culture
of Hoplobatrachus occipitalis from tadpole stage to full metamorphosis. 180 tadpoles were distributed into
3 tanks each filled with 60 litre water and renewed through a flow-through system. Water quality parameters
were measured for 16 weeks during which the tadpoles fully metamorphosed with only about 10 % mortality.
Results showed temperature ranged between 24.1 and 27.2 °C, pH 6.8—7.2. Conductivity varied between 240
and 280 uS/cm, Total Dissolved Solids 161—188 mg/l, Alkalinity 225-200 mg/l, Calcium, Magnesium and Total
Hardness were in the ranges of 80—100 mg/l, 40—60 mg/l and 120—160 mg/l, respectively. Phosphate and Ni-
trate varied between 0.3—0.8 and 0.8—1.3 mg/l, respectively. Dissolved oxygen was between 6.2 and 6.9 mg/I,
while Ammonia ranged between 0.10 mg/l and 0.22 mg/l. These ranges were good water quality values for the
rearing of the species, because of the full metamorphosis of the frog and the low (10 %) mortality rate recorded
in 16 weeks. The flow through system which allowed frequent change of water and the ground (borehole) water
used for culture helped in achieving the good water quality in the tanks.
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s wmyunoeo eupowgysanus sscad HeobXioHa Hanedxicna axicmv 600u. Ilpome 6 naw uac Hemae pexo-
MEHOOBAHUX HOPM CKAAOY 800U OJisi YIMPUMAHHS Jcao.

IIpogedeno docniodicents 3 Memoio CMAHOBIEHHs OONYCIMUMUX MedC KOTUBAHHSA NAPAMEMPI8 600U
ons ympumanns dicad eudy Hoplobatrachus occipitalis 6id0 cmaoii nyeonoska 0o ¢opmysarnis 3pinoi 0cooumu.
180 nyeonosxie 6yno posmiwgerno y 3 akeapiymu 3 npOMOYHOK CUCMEMO 8000NOCMadanHs, micmxicmio 60 1
Kooicer. Tlapamempu axocmi 600u 8UMIpiIo8anu 6nPoo08ic 16 MudicHie, NPOmMa2oM AKUX HY20108KU NPOUULTU
nosuuti memamoppos. Cmepmuicmo cmanosuna auuwe 10 %. Illapamempu 800u nio yac 00caioy KoIUBAIUCH
y medxcax: memnepamypa 24,1-27,2 °C, pH 6,8-7,2, enexmponpogionicme 240—280 mxCm/cm, 3aeanvrui micm
meepoux yacmunok 161-188 me/n, nyocricmo 225-200 me/n, 3aeanvha scopcmkicms 120—160 me/n, konyenmpa-
yia Kanvyiro 80—100 me/n, Maenito 40—60 me/n, gpocghamis 0,3—0,8 me/n, nimpamis 0,8—1,3 me/n, pozuunernoco
KucHio 6,2—6.9 me/n, amiaxy 0,10-0,22 me/n. Taxuii Oianazon NOKA3HUKIE AKOCME 800U BUSBUBC NPUOAMHUM OISt
BUPOULYBAHHSL A0 Yb020 8UAY, NPO WO CEIOUUMb HOpMATbLHUL Memamopgho3 1 Huzvbka cmepmuicms (10 % 3a
16 muocnig). [lpomouna cucmema 6000NOCMAYAHHSL 3 BUKOPUCHAHHAM NIO3EMHUX 600 31 CBEPONOGUHU 300e3-
newuna CnpusimauGi yMogu 0isi GUPOULYBanHs iHcao.

Karouosi cioBa: )KABA ICTIBHA, SIKICTb BOAU, ITYTOJOBKH, METAMOP®O3,
BHUPOLIYBAHHSL, ITPOTOYHA CUCTEMA BO/JJOIIOCTAYAHHA
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s uckyccmeennozo 8bipauusanusl aazyuek Heoobxooumo Haoaexcaujee kayecmso 600vl. OOHAKoO 8 Ha-
cmosiujee 8pemst Hem PEeKOMEHOYeMbIX HOPM COCIABA 800bL OIS COOEPAHCAHUS ALY ULEK.

IIposedeno uccredosanue ¢ yenvio onpedenerus OONYCmuMbLX nPedeios KoneOaHust napamempos 600bl
ons sieyutex suoa Hoplobatrachus occipitalis om cmaouu 2onosacmuxa 00 ghopmuposarus spenou ocoou. 180 cono-
BACMUKO8 ObLIU NOMeUjeHbl 8 3 aKeapuymMbl ¢ NPOMOYHOU CUCIEMOU 8000CHAOICEHUSL, eMecmumocmbio 60 1umpos
Kaotcowlil. Ilapamempul kauecmea 600vl uzMepsiiu 6 meuenue 16 nHedew, 8 meueHue KOMopwix 20108ACMUKU NPOULTU
nonuwvitl memamopgos. Cmepmuocms cocmasuina scezo 10 %. [lapamempol 600b1 60 6pemsi Onvlma KoiedaAIUch
6 npedenax: memnepamypa 24,1-27,2 °C, pH 6,8-7,2, anexkmponposoorocms 240-280 mxCm/cm, obuee cooepoicanue
meepovix yacmuy 161—-188 me/n, wenounocmo 225-200 me/n, obwas scecmrxocmn 120—160 me/n, konyenmpayus
kanvyus 80—100 me/n, macnus 40—-60 me/n, pocpamos 0,3—0,8 me/n, numpamos 0,8—1,3 me/n, pacmeopennozo
kuciopooa 6,2—6.9 me/n, ammuaxa 0,10-0,22 me/n. Taxotl duanazon nokasameneil Kauecmed 600bl OKA3AICS NPU-
200HbIM 0151 8bIPAWUBAHUS JISIZYUIEK D020 8UOAd, O YeM CUOEMEbCBYen HOPMAbHbILL Memamopgho3 U HU3KAs
cmepmuocmy (10 % 3a 16 nedens). [lpomounas cucmema 6000CHAOICEHUSL C UCNONBL3OBAHUEM NOOZEMHBIX 600
U3 CKEANCUHBL 0becneuuna Hadnexcaujue yeiosust 0 8blPAWUBANHUS ISV ULEK.

Kirouesnie caosa: JIAI'VIIKA CBE/JJOBHAS, KAYHECTBO BO/bI, 'OJIOBACTHUKH,
METAMOP®O3, BBIPALIMBAHUE, [TIPOTOYHA I CUCTEMA BO/JJOCHABXEHU A

Frog culture/farming is becoming a prom- thetic factors of water that operate synergistically
ising and profitable venture especially in devel- to maintain the survival and production of frogs.
oping tropical countries of sub-Saharan Africa. High quality water must be readily available to
This is due to the increasing demand of frog as frogs during their breeding as their development
alternative source of animal protein, the increas- or metamorphosis depend among other things the
ing cost of traditional sources of animal protein water quality of the pond. Most important water
such as beef, chicken and fish as well as its com- quality parameters in frog culture pond include
petitive edge in terms of production, affordability temperature, dissolved oxygen, pH, alkalinity,
and nutritive value over fish, beef and chicken. ammonia, nitrate, phosphate, calcium hardness,
In later time, frog culture will overtake fish culture magnesium hardness, total hardness, transparency,
as a sustainable aquaculture industry. conductivity, and total dissolved solids.

However, the success of frog culture There has not been a standard or recom-
largely depends on the operational water quality mended value or range for good water quality in
of the pond where the frog is raised. This is even frog culture. This is because researches on water
more pertinent as frogs though amphibious spend quality in frog culture are scarce. The few studies
most of their life cycle in water. According to [14, in this area include those of [4, 10, 1, 8, 13].
11] breeding frogs under artificial farm-like con- The objective of this study was to deter-
ditions have often failed. This is mainly due to mine the ranges of some water quality param-
inadequate considerations of the water quality of eters for successful tropical edible frog (Hop-
the farms. [3] had reported that successful rearing lobatrachus occipitalis) culture from tadpole
of tadpoles mainly depends on the water quality stage to full metamorphosis. This is with a view
used in the culture. of establishing ranges of some physic-chemical

Water quality considerations in frog ponds factors and recommending same as standard for
includes all physical, chemical, biological and aes- frog culture in ponds.
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Materials and methods

Experimental design. 180 Hoplobatra-
chus occipitalis tadpoles with average length and
weight of 5.8 cm and 1.93 g respectively were
obtained from a local fish farm pond in Ilorin, Ni-
geria during their breeding season. The tadpoles
were transported in 3 open tanks, each containing
60 tadpoles that were filled with 60 litres of well
oxygenated water of the pond early in the morn-
ing at a temperature of 21 °C to the Laboratory of
the Department of Zoology, University of Ilorin,
Ilorin, Nigeria.

In the laboratory, the tadpoles were dis-
tributed into 3 experimental tanks measuring
1x1x0.2 m (length, width and depth) and labelled
T -T, each containing 60 tadpoles. Each tank had
60-litre water capacity, well aerated, with water
supply from borehole (ground water) and constant-
ly renewed through a flow-through system. The
tanks were covered with nets to prevent escape
of the frogs during the rearing period.

Measurement of the water quality param-
eters was done weekly for 16 weeks during which
the tadpoles grew and fully metamorphosed with
only about 10 % mortality in each tank. 50 ml plas-
tic water bottle was used for the collection of water
samples for the analysis of the following water qual-
ity parameters: Alkalinity, calcium and magnesium
hardness which were measured using colometric
method, phosphate measured using amino acid
method, nitrate measured by cadmium reduction
method, ammonia measured using nessler method
and dissolved oxygen measured by azide modifica-
tion of winkler’s method. All measurements were
done according to [17] standard procedures. All the
parameters were analyzed with the aid of Hanna
Multiparameter Bench Photometer for Laboratories
Model HI 83200-02. Temperature, pH, electrical
conductivity and total dissolved solids were mea-
sured in situ in the tanks using Hanna Portable pH/
EC/TDS/Temp combined waterproof tester Model
HI 98129. Triplicates water samples of the tanks
were obtained and measured for all the chemical pa-
rameters, while pH and temperature, electrical con-
ductivity and total dissolved solids measurements
were also measured in triplicates in situ.

Statistical Analyses. GLM procedure of sta-
tistical analysis system 9.1.3 [15] was used to analyze
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the results. Weekly mean difference of each triplicate
parameter was compared using two way ANOVA at
P<0.05 to see the variations due to weeks (temporal
variations) and tanks (spatial variations).

Results and discussion

The mean weekly results of the water qual-
ity variables in each tank are presented in tables 1,
2 and 3. The overall mean of all the water quality
parameters for the culture of tropical edible frog
(Hoplobatrachus occipitalis) from tadpole stage to
full metamorphosis is shown in table 4. Tempera-
ture in the tanks ranged between 24.1 and 27.2 °C
with the lowest and highest recorded in week 1 and
16 respectively. There was no significant differenc-
es (P>0.05) in temperature variations among the
3 tanks, however, there was significant differences
(P<0.05) in the temporal variations in the tanks.
The overall mean of temperature measurements in
the 3 tanks was 26.05 °C. Temperature ranges for
the best culture of tropical edible frog Hoplobatra-
chus occipitalis is between 24 and 28 °C, with the
average being 26 °C. This temperature ranges has
been reported by [8, 3, 13] as ideal for the growth
of frog tadpoles in ponds. This temperature which
is ideal should be maintained during culture espe-
cially in tropical climate since growth of frogs
is related to temperature [9].

pH variations was from the lowest of 6.8
recorded in the first week in all the tanks to the
highest of 7.2 recorded in week 16 in all the tanks.
There was no significant difference (P>0.05) in
the spatial and temporal variations in the pH in the
tanks. The overall mean pH recorded in the tanks
was 6.99. Recommended pH ranges for culture is
from slight acidity to slight alkalinity, with a range
of 6.8 to 7.2 and an overall average of 6.9 (slight
acidity). [6] reported pH values around 7.33, to-
wards the alkaline range, [7] recommended mild
acidity, while [16] suggested a pH range between
6.5 to 7.0 as ideal for frog culture.

Electrical conductivity (EC) varied be-
tween a minimum of 240 pS/cm recorded in week
1 in all the tanks and maximum of 280 uS/cm re-
corded in week 16 in tanks 1 and 3 respectively.
There was no significant differences (P>0.05) in the
variations of electrical conductivity in the 3 tanks,
but, there was significant differences (P<0.05) in
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weekly variations in the tanks. The overall mean
of the electrical conductivity measurements in the
3 tanks was 259.64 puS/cm. Total Dissolved Solids
(TDS) varied between a minimum of 161 mg/1 re-
corded in week 1 in all the tanks and maximum
of 188 mg/l recorded in week 16 in tanks 1 and 3
respectively. There was no significant differences
(P>0.05) in the variations of TDS in the 3 tanks,
but, there was significant differences (P<0.05) in
weekly variations in TDS among the tanks. The
overall mean of the total dissolved solids meas-
urements in the 3 tanks was 173.94 mg/l. The
electrical conductivity and total dissolved sol-
ids which were positively correlated were in the
ranges optimal for Hoplobatrachus occipitalis
production in tropical artificial conditions. The
high conductivity and total dissolved solids in
the ponds probably came from the ground wa-
ter which was the source of water for the ponds,
and the effects of residual feed in water which
on decomposition added some mineral salts and
suspended particles into the water. [18] had re-
ported that aquafeeds promote increase of ions
and suspended particles in culture ponds. [12]
reported that high conductivity water supports
frog breeding. [2] recommended a conductivity
value of 249 uS/cm for Bull frog culture. Mean
conductivity of 259.64 uS/cm and mean TDS of
173.94 mg/1 will be the most ideal water quality
values for the culture of tropical edible frog Hop-
lobatrachus occipitalis.

Tank 3 recorded the highest alkalinity
measurement of 225 mg/l in week 16 and lowest
of 200 mg/1 of alkalinity was measured in week 1
in all the tanks. There was no significant differ-
ence (P>0.05) in the variations of alkalinity in
the 3 tanks, but, there was significant differences
(P<0.05) in weekly variations in the tanks. The
overall mean alkalinity recorded in the 3 tanks
was 210.63 mg/l. The flow through system of cul-
ture which allowed frequent change of water and
the source (ground) water used for culture may
be responsible for the high alkalinity. In spite of
the high alkalinity, the frogs were able to survive,
fully metamorphosis and grow in the tanks. This
showed that alkalinity ranges of 200-225 mg/1
could be recommended for the culture of edible
tropical frog Hoplobatrachus occipitalis. A posi-
tive correlation was noted between hardness and
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alkalinity. The high alkalinity and total hardness
of collapsible and concrete ponds allowed for
good buffering capacity of the tanks thereby
making the tanks to be slightly alkaline.
Calcium, magnesium and total hardness
of the tanks were in the ranges of 80—100 mg/1,
40-60 mg/l and 120-160 mg/l, respectively. All
the three factors recorded the lowest and highest
concentrations in week 1 and 16 in all the tanks,
respectively. No significant difference (P>0.05)
was found in the concentrations of the three factors
among the tanks; however there was a significant
difference (P<0.05) in the concentrations among
the weeks. The overall mean of calcium, magnesi-
um and total hardness was found to be 89.90 mg/I,
49.79 mg/l and 139.69 mg/l respectively. Soft to
moderate hardness water is good for the breeding
of Hoplobatrachus occipitalis. This is evident from
the ranges of the calcium, magnesium and total
hardness recorded in the 3 tanks. The conduc-
tivity and TDS ranges of the ponds also supported
the soft to moderate hardness of the tanks for the
species breeding. The total hardness values (120—
160 mg/l) for the breeding of Hoplobatrachus oc-
cipitalis in tropical aquaculture was however higher
than the range of 10-80 mg/l recommended [7].
Phosphate and nitrate varied between 0.3—
0.8 mg/l and 0.8—1.3 mg/l in all the tanks. The con-
centrations of the two ions increased with weeks
with the lowest found in week 1 and highest in week
16. There was no significance difference (P>0.05)
in the concentrations of the two ions spatially, but
significant difference (P<0.05) exists temporally in
the tanks among the two ions. The overall mean
of phosphate and nitrate in the tanks was 0.51 and
1.04 mg/1. Phosphate and nitrate levels of <1.0 mg/1
are desirable and recommended for the culture of
Hoplobatrachus occipitalis. High nitrogen and
phosphorus concentrations can alter the feeding
activity, mobility and reduce the growth and de-
velopment processes of amphibian larvae [1]. The
phosphate and nitrate levels in this study were simi-
lar to the results of [3, 13] on Bullfrog tadpoles.
The highest dissolved oxygen concentra-
tion of 6.9 mg/l was recorded in all the 3 tanks in
week 16, while the lowest of 6.2 mg/l was recorded
in week 1 also in all the tanks. There was no signifi-
cant difference (P>0.05) in the concentration of dis-
solved oxygen among the tanks and in the weeks.
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The overall mean of dissolved oxygen concentra-
tion in the tanks was 6.59 mg/l. Metamorphosising
tadpoles require enough dissolved oxygen which
they extract from the water through their gills. It
is therefore imperative that water for the breeding
of frogs should contain enough dissolved oxygen.
Dissolved oxygen values recorded in this work
could be described as ideal and recommended
for the culture of edible tropical frog Hoplobatra-
chus occipitalis. These values were also similar
to the values recorded by [3]. CONAMA Resolu-
tion 357/2005 [5] recommends that the minimum
limit for dissolved oxygen in frog culture should
be 5 mg/l.

Ammonia varied between the lowest con-
centration of 0.10 mg/l found in tank 2 in week 1
and highest of 0.22 mg/I recorded in week 16
also in tank 2. There was no significant difference
(P>0.05) in the concentration of ammonia among
the tanks and in the weeks. The overall mean am-
monia concentration in the tanks was 0.16 mg/1.
Ammonia concentration in the tanks was expected
to be high due to the artificial feed used.

The efficient water renewal on the account
of the flow through system employed in the culture
which promoted dilution and nitrification of the
ammonia produced was responsible for the lower
concentrations of ammonia recorded in the tanks.

The range of ammonia recorded in the
tanks was lower than that reported by [3, 13], but
was in the range recommended by Ferreira [7].
Thus a range of 0.1-0.25 mg/l of ammonia in tanks
is recommended as the water quality value for suc-
cessful culture of Hoplobatrachus occipitalis.

The similarity in the range of water quality
found in the 3 tanks was due to source (borehole/
ground water) used for the frog culture, the quality
and quantity of food used for the rearing as well as
the amount of excreted wastes generated into the
tanks by the frogs. All these were responsible for
the insignificant differences recorded in the param-
eters among the 3 tanks. The significant differences
observed in the temporal variations in the water
quality parameters in the tanks was as a result of
seasons as seen in the temperature measurements
where week 1 was in the dry season with high
temperature and week 16 was in the rainy season
with low temperature. Similarly, metabolic activi-
ties, food intake and utilization, wastes generated

75

into the tanks by the frogs as well as synergistic ef-
fects of the parameters on one another may have
brought about the significant differences seen in
the 16 weeks of culture.

Metamorphosis was deemed to be com-
pleted when 99.99 % of the frogs in the tanks have
their gills and tail disappeared, mouth widens, eyes
bulged while lungs, fore and hind limbs developed.

This work is one of the first to document
and establish ranges of water quality factors for the
breeding of tropical edible frog (Hoplobatrachus
occipitalis) from tadpole stage to full metamorpho-
sis in laboratory experimental tanks. The ranges re-
corded in the water quality parameters in the tanks
could be described as good for the rearing of the
species in farm ponds. This is because of the full
metamorphosis of the frog and the low (10 %) mor-
tality rate recorded in the tanks.

Conclusion

The success of edible frog culture such as
Hoplobatrachus occipitalis from the tadpole stage
depends to a large extent on the good water quality
in the culture tanks. This research work has high-
lighted various water quality parameters and rec-
ommended range of values for successful culture
of tropical edible frog Hoplobatrachus occipitalis.
Ground (borehole) water which was free of pol-
lution and a flow through system in the culture of
the species which ensures efficient water renewal
should be also employed as it helps in achieving
and sustaining a good water quality in the frog
ponds culture system.

Perspectives for further future researches.
More physic-chemical factors aside from the ones
studied in this research should be investigated for
the culture of Hoplobatrachus occipitalis including
the effects of water containing heavy metals on the
biology of the organism.
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