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Abstract The current study aims to evaluate the effect of density on the survival and growth of Hoplobatrachus occipitalis tadpoles
in circular plastic ponds (Diameter: 24 cm; volume: 60 L) for 24 days. Four stocking densities (5, 10, 15 and 20 tadpoles/L),
respectively represented by D,, D,, D3, and D, were tested on tadpoles (initial mean weight 0.283 +0.031 g) in triplicate. Tadpoles
were daily fed at 6% of biomass every hour from 8 a.m to 6 p.m on Coppens fish feed. At the end of experiment, parameters such as
final biomass (9.386 +0.240 to 23.750 +0.601 g), specific growth rate (1.960 +0.326 to 4.220 +0.255%/d-1), daily weight gain
(0.022 +0.021 to 0.735 +0.026 g/d), survival rate (30.388 +1.734 to 86.333 £3.333%) and feed conversion rate (1.436 +0.023 to
2.185 +0.218) showed the lowest values in the highest stocking densities. The final biomass, specific growth rate, daily weight gain
and survival rate recorded in D; tadpoles were significantly higher (p<0.05) compared to the other lots. Thus the optimal stocking
density is 5 tadpoles/L to ensure a good growth of H. occipitalis tadpoles in circular ponds. Indeed, this density has been chosen in
relation to the space required by tadpoles for good zootechnical performances.
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Background

The increase in world-wide population by the later years requires an increase in natural resources such as water,
energy and food (Beddington, 2011). For that purpose, new rearing approaches that enable reduction of
environmental pollution and maximizing the synthesis of high quality biological protein were envisaged
(Munguia-Fragozo et al., 2015). Nevertheless, the rearing of Hoplobatrachus occipitalis is a trust able solution to
satisfy this demand. However, due to its complex life cycle, many rearing methods must be applied in each stage
of its life. In aquaculture, two factors determine the available biomass quantity: individual growth and the number
of individuals (Flores-Nava and Vera-Mufpz, 1999). These two factors are often inversely proportional as growth
is generally influenced by rearing density (Flores-Nava and Vera-Mufpz, 1999). Though there is an incomplete
understanding of why density reduces growth and provokes metamorphosis of small height tadpoles, the effect on
growth and development at different densities is actual and measurable (Wilbur and Collins, 1973).

In frog rearing, growth and metamorphosis time of tadpoles are affected by the stocking density (Wilbur, 1977;
Collins, 1979; Hota and Dash, 1981; Fontanello et al., 1988). Reservoirs’ volume and content (individual number)
is one of the noteworthy questions to be studied. Negative effects of growth of density on the frogs growth rate
and development were studied by many authors (Licht, 1967; Wilbur, 1977b; Smith-Gill and Berven, 1979; Travis,
1981; Semlitsch and Caldwell, 1982).

Besides that, several researches focused on the food diet (Alfredo, 1996; Mady-Goma, 2012), biology (Wells,
1977; Barbault, 1984; Heyer et al., 1994; R&iel, 2000; Morin, 2008; Tohé& 2009), ecology (R&lel, 2000; Wildlife
et al., 2007; Toh& 2009) of H. occipitalis but dids relative to stocking density of this species remain narrow. The
aim of this study is to evaluate the effect of stocking density on the survival and growth of H. occipitalis (GUnther,
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1858) tadpoles in controlled medium from Benin.

1 Material and Methods

1.1 Experimental process

Tadpoles of H. occipitalis used in the current experiment were obtained by semi-artificial reproduction on the site
of the Research Laboratory on Wetlands (LRZH) of the University of Abomey-Calavi. Mean value of the water
temperature, pH and dissolved oxygen of the semi-artificial reproduction medium were respectively 28.33 =+
0.09<C, 7.01 £0.01 and 3.98 +0.02 mg/L. A week after hatching, tadpoles harvested with dip nets were
transferred in experimental circular plastic ponds. They were fed on live food (zooplankton and nauplii of Artemia
salina). Live food was progressively substituted by commercial feed (Coppens) according to Table 1.

Table 1 Planning of Hoplobatrachus occipitalis tadpoles feeding in closed circuit in the laboratory

Duration (days) Feed

100% zooplankton

Artemia salina 50% + zooplankton 50%
Artemia salina 75% + zooplankton 25%
Artemia salina 100%

Artemia salina 50% + artificial feed 50%
Artemia salina 25% + artificial feed 75%
16 Artificial feed 100%

Note: Artificial feed = Coppens 0.5-0.8 mm, 56% protein and 15% lipid

(S S SN = O )

The experiment was led for 24 days in 12 circular plastic ponds (Diameter: 24 cm; volume: 60 L) containing 6 L
water each. Tadpoles (initial mean weight 0.284 =+ 0.033 g) were distributed in four different densities:
5 tadpoles/L (D), 10 tadpoles/L (D), 15 tadpoles/L (D3) and 20 tadpoles/L (D,). Water renewal was continuous.
Densities were chosen based on the preliminary experiments on the stocking density of other frog species (Murray,
1990; Martmez et al., 1996; Flores-Nava and Vera-Mufbz, 1999). Tadpoles were daily fed manually every
2 hours from 8 a.m to 6 p.m on Coppens fish feed (0.5-0.8 mm diameter, 56% protein and 15% lipid) at 6% of
body weight.

During the experiment, remained feed and feces were siphoned twice a day before feeding and renewal, at 7:30
a.m and 6:30 p.m. After siphoning, water volume in each pond was adjusted and dead tadpoles were counted and
weighted.

Water quality monitoring was carried out by the measurement of physico-chemical parameters such as
temperature, dissolved oxygen and pH. To measure these parameters, a portable multi meter (Calypso ORCHIDIS
SN-ODEOA 2138) was used (7:30 a.m. and 5:30 p.m.). Nitrites (N-NO,, according to diazotization method),
nitrates (N-NOjz, according to cadmium reduction method) and ammoniac (N-NHge, according to salicylate
method) were measured by using a spectrophotometer (HACH). Control fishing was carried out every 3 days
following by ponds emptying and cleaning. Number and biomass of tadpoles were measured by pond. Feed ration
was adjusted consequently. After 24 days rearing, all tadpoles were collected from ponds and weighted.
Zootechnical performances such as Specific Growth Rate (SGR), Survival Rate (SR), Daily Weight Gain (DWG)
and Feed Conversion Rate (FCR) were calculated according to the following formula:

Ln(final mean weight) — Ln(initial mean weight)

SGR (%/day) = 100 x
(%/day) experiment duration(days)

final number of tadpoles
SR (%) = 100 x

initial number of tadpoles

Quantity of feed distributed (g)

FCR = weight gain (g)
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final mean weight (g) — initial mean weight (g)

DWG (g/day) = experiment duration (days)

1.2 Statistical analysis
Data collected were encoded in Microsoft Excel 2013. They served to calculate zootechnical parameters. For each
parameter, mean and range were calculated. Mean data for each replication were considered as an observation.

The statistical software R (version 3.4.2) was used for analyses with 5% probability significance threshold. A one
way analysis of variance (ANOVA 1) was carried out in order to compare zootechnical parameters in the different
treatments. The Student-Newman-Keuls test (SNK test) served to carry out pair comparisons of the different
treatments when significant differences were observed among treatments to determine the optimal density, growth
and survival rate of H. occipitalis tadpoles.

2 Results

Table 2 shows the water physico-chemical parameters such as temperature, pH, dissolved oxygen, conductivity,
nitrites (N-NOy), nitrates (N-NO3) and ammoniac (N-NHz). During the experiment period, there was no
significant difference (p>0.05) among temperature, pH and conductivity. The highest values of these latter were
respectively 30.70C (D), 6.4 (D,) and 688.4 Ls/cm (D4) while the lowest 25.22<C (D,), 5.2 (D4) and 410.6
ps/cm (D,). Concerning nitrites and nitrates, significant differences (p<0.05) were observed among D; and D3, Dg.
In contrary, there was no significant difference (p>0.05) among D,, D; and D4. Concerning total Ammoniac,
significant differences were observed (p<0.05) among D, and D4, D,, Ds.

Table 2 Mean +range of temperature, pH, dissolved oxygen (DO), conductivity, nitrates, nitritres and ammoniac in ponds water
during the rearing period with the different stocking densities

Stocking Temperature  pH DO (mg/L) Conductivity Nitrate (mg/L)  Nitrite (mg/L) Ammoniac
density (T) (18/cm) (ma/L)
(Tadpole/L)

D, 26.6241.20%  7.64640.385% 4.61340.085° 607.413+10.685% 2.23340.152°  0.04240.012%  0.74540.035°
D, 26.25#1.01° 7.60020.200° 3.53020.070° 553.913498.585% 2.35640.032°  0.08840.026™ 1.4540.250°
D, 26.5741.03* 5.60020.200° 2.33320.173" 574.560483.100*° 3.07640.025°  0.05440.025"  1.55530.085°
D, 26.4640.87° 5.65020.250" 1.88620.309° 588.663495.135* 3.56040.036°  0.03820.002° 1.68020.230"

Note: ® mean values on the same line and not affected by the same letter are significantly different (p<0.05)

Growth performances, stocking densities and survival rate of H. occipitalis tadpoles are mentioned in Table 3.
Final biomass, specific growth rate, food conversion rate and daily weight gain were considerably influenced by
the stocking density (Table 3). The increase of individual number in ponds led to a decrease of tadpoles’ growth
performance. The maximal mean value of final biomass was observed in density D, (5 tadpoles/L) either 23.750 +
0.871 g. The lowest mean value was recorded in D4 (20 tadpoles/L).

Table 3 Mean +range of Initial Biomass (IB), Final Biomass (FB), Specific Growth Rate (SGR), Food Conversion Rate (FCR),
Survival Rate (SR) and Daily Weight Gain (DWG) of Hoplobatrachus occipitalis tadpoles reared at different stocking density

Paraméires D, (5 tadpoles/L) D, (10 tadpoles/L) D5 (15 tadpoles/L) D, (20 tadpoles/L)
1B 7.483 +0.386¢ 16.450 +0.026° 25.356 +0.621° 39.570 +0.320?
FB 23.750 +0.6012 15.93 +0.113° 15.970 +0.762" 9.386 +0.240°
SGR (%/day) 4.220 +0.255% 1.960 +0.326° 2.251 +0.431° 3.683 +0.561%
FCR 1.436 +0.023° 1.810 +0.075° 2.185 +0.218° 2.176 +0.058°

Sr (%) 86.333 +3.333% 66.777 +0.962° 38.333 +1.111° 30.388 +1.734¢
dwg (g/day) 0.735 +0.026° 0.254 +0.018° 0.270 +0.071° 0.022 +0.021°

Note: 2 mean values on the same line and not affected by the same letter are significantly different (p<0.05)

Specific Growth Rate (SGR), Survival Rate and Food Conversion Rate (FCR) were significantly affected (p<0.05)
by stocking densities of H. occipitalis tadpoles. Tadpoles reared in high density (10 to 20 larvae/L) showed a low
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specific growth rate (1.960 +0.326 to 3.683 =+ 0.561%/d) (Figure 1). In return, those reared at 5 tadpoles/L
showed a high specific growth rate (4.220 +0.255%/d) (Table 3). Survival rate of H. occipitalis tadpoles varied
between 30.388 + 1.734% (D,) and 86.333 =+ 3.333% (D;). Moreover, tadpoles were significantly (p<0.05)
affected by the different stocking densities. Concerning the food conversion rate, there was no significant
difference between D3 and D,4. Nevertheless, there was a significant difference (p<0.05) among mean values of D,
and Dy, D3, D4 (Figure 2).
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Figure 1 Specific growth rate of Hoplobatrachus occipitalis tadpoles reared at four (04) stocking densities in ponds for 24 days
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Figure 2 Relationship between stocking density and survival rate of H. occipitalis tadpoles reared in ponds for 24 days

3 Discussion

During the experiment, mean value of temperature (26.57 <C) was situated in the favorable limit recommended by
Petersen and Gleeson (2011) for tadpoles rearing (15 to 35<C). Mean values of pH and dissolved oxygen recorded
during this experiment were similar to those recorded in prior studies (Flores-Nava and Vera-Mufopz, 1999) in
Rana catesbeiana Shaw (1802) tadpoles. Besides, lowest values of pH and dissolved oxygen were obtained in
ponds with high tadpoles stocking densities (D; and D). These low dissolved oxygen rates may result from high
oxygen consumption by tadpoles (Browne et al., 2003). Mean values of total ammoniac and nitrites were similar
to those recorded by Flores-Nava and Vera-Mufpz (1999) and Munguia-Fragozo et al. (2015). Concerning nitrates,
mean values were similar to those obtained by Munguia-Fragozo et al. (2015). These results could be explained
not only by remain feed and tadpoles feces that degrade in the rearing media but also the ammoniac produced
these remain feed and feces. Ammoniac is a highly toxic element that may be the reason of mortality observed in

high densities media. It’s important to notice that nitrates (NO3) are less toxic than ammoniac and nitrites
(Aquarioplus, 2018).

In experimental conditions, the current study shows that H. occipitalis tadpoles develop as well as metamorphosis
when they are reared at density of five (05) individuals per liter of water. This density is nearby the normal
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recommended for R. catesbeiana tadpoles in commercial farms (Lopes-Lima and Agostinho, 1992; Flores-Nava,
1997). Besides, the highest final mean weight (0.73526.026 g) in this experiment was recorded in D; (05 tadpoles/L) (Figure 3).
These results are closed to those obtained (0.449-1.383 g) by Marthez et al. (1996) during their study on growth
and metamorphosis of Rana perezi Seoane (1885) tadpoles. These results are also similar to those obtained
(0.403-0.716 g) by Murray (1990) in Rana sylvatica tadpoles. Although, these latter are lower than the results of
Browne et al. (2003) and Munguia-Fragozo et al. (2015) during their studies on the effect of high density on
growth, development and survival of Litoria aurea tadpoles and the effect of density on growth and metabolism of
R. catesbeiana tadpoles. This may due not only to the difference of species but the difference of rearing
techniques. Indeed, it was demonstrated that space availability can influence tadpoles’ development (Flores-Nava
and Vera-Mufoz, 1999). According to Wilbur and Collins (1973), tadpoles reared at low stocking densities are
able to pass minimal body height to initiate metamorphosis process and maximize their height after. Nevertheless,
it can be difficult to compare precisely these studies because Browne et al. (2003) studied L. aurea in Australia
and Munguia-Fragozo et al. (2015) focused on R. catesbeiana in Mexico. Factors to be considered are for instance
temperature variations, differences in experimental designs and water quality management.

D1 D2 D3 D4
1.2
— 1 _
on x P -
=08 = - 1
£ 0.6 _
” 4 % T
204 % 1 +
=02
0
0 4 8 12 16 20 24

Rearing Period (days)
Figure 3 Biomass progression of Hoplobatrachus occipitalis tadpoles reared in ponds at four (04) stocking densities for 24 days

Specific growth rate recorded during the current experiment ranged between 1.960 +0.326 and 4.220 £0.255%/d
(Figure 1). These results are closed to those of many authors (Martmez et al., 1996; Flores-Nava and Vera-Mufpz,
1999) Rana perezi and Rana catesbeiana tadpoles. Besides, many studies indicate specific growth rate of tadpoles
are negatively tied to the intensity of inter specific competition observed in high density media (Wilbur and
Collins, 1973; Crump, 1981; Semlitsch and Caldwell, 1982; Berven and Chadra, 1988; Tejedo and Reques, 1992).
Our results show specific growth rate of H. occipitalis tadpoles is inversely proportional to density. The best
results were obtained in ponds with low stocking density (5 tadpoles/L). That confirms results of Browne et al.
(2003) who showed high stocking densities of tadpoles provokes stress conditions which affect their survival and
growth (height and metamorphosis time). According to Semlitsch and Caldwell (1982), specific growth rate
decreases while density increases. Besides, water renewal allows a good growth of tadpoles. For example, prior
studies revealed that in R. catesbiana water renewal drops temperature thus favor good growth performance
(Flores-Nava et al., 1994).

During the experiment, food conversion rate of H. occipitalis tadpoles varied from 1.436 +0.023 and 2.185 +
0.218. The best rate was recorded in density of 5 tadpoles/L. These results are different from those obtained by
Flores-Nava and Vera-Mufpz (1999) Rana catesbeiana tadpoles (0.5 tadpoles/L). This could be justified by social
interactions existing between feed and space. Indeed, in several reared species, growth is inversely proportional to
density, what is principally attributed to social interactions (Siddiqui et al., 1989, Irwin et al., 1999). We also
supposed in our study that equal feed particles were consumed by each tadpole at each feeding time. Moreover,
they were some competitive interactions in ponds limiting tadpoles’ equal access to feed. It’s important to notice
that high stocking density increases constraints (aggressive behavior, dominance), that provokes high energy
needs leading to the reduction of food conversion rate (Suziki et al., 2001; Begout-Anras and Lagardere, 2004).
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The effects of density on survival were demonstrated by several authors (Wilbur, 1977; Hota and Dash, 1981).
This latter depends on the species (Pangni et al., 2008). In the current study, survival rate of H. occipitalis tadpoles
(86.333 +3.333 to 30.388 £1.734%) decreased while stocking density increased (Figure 2). Similar results were
recorded in R. catesbeiana tadpoles (Munguia-Fragozo et al., 2015), P. saharicus (Meher et al., 2014), L. aurea
(Browne et al., 2003). Although, our results are lower than those recorded in R. catesbeiana (Flores-Nava and
Vera-Mufpz, 1999) and those of Marthez et al. (1996) in R. perezi. These results may due to experimental
conditions of rearing media and climate. The high survival recorded in D; could be attributed to favorable
environmental conditions during the experiment period. This is in accordance with results of EI-Sherif and
El-Feky (2009) who indicated highest survival rates could be tied to favorable ecological conditions.

4 Conclusion

At the end of the current study, it results stocking density affects specific growth rate, survival rate and feed
conversion rate of H. occipitalis tadpoles in the different ponds. Those maintained at high densities (10 to 20
tadpoles/L) had low growth that indicates disfavorable rearing conditions of tadpoles. The density of 5 tadpoles/L
is recommended so that to reduce stress and improve maximal growth performances of H. occipitalis tadpoles.
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