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Abstract 
The study was conducted to determine the repeatability estimate of Egg Number (EN), 

Egg weight (EWT) and body weight (BWT) in tortoise (Pelusios casteneus) were 

estimated based on daily basis for EN and weekly basis for EWT and BWT.  Tortoises 

were measured from 32 to 52 weeks of rearing period. A total of fifty (50) tortoises were 

purchased from rural farmers for the study. The tortoises were reared on the deep litter 

and fed ad libitum with concentrate feed, clean and cool water. At end of 52 weeks of 

age, data collected on EWT, BWT and EN were analyzed for fixed effect of repeatability 

estimate. The result reveals a range from 0.071 to 0.084, 0.084 to 0.096 and 0.075 to 

0.084 for EWT, BWT and EN, respectively. Therefore, the repeatability for entire 

estimate for egg traits varies from 0.070 to 0.096. There is inconsistent increase and 

decrease in the repeatability estimate for the traits as laying age progressed. However, 

there is low repeatability in general for all the traits implying that the tortoises are not 

productive. Also, the expected relative genetic gain increases with increasing number of 

records used on all individuals at all ages. The decrease in the repeatability of each trait 

indicates that more records will be required to adequately characterize the inherent 

transmitting capacity of the females as laying age progresses. However, increase in the 

repeatability implies that fewer records will be adequate to characterize the inherent 

producing ability of the female’s tortoise. 
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Introduction 
Repeatability in tortoises, referring to how 

consistently an individual tortoise exhibits a 

trait across different instances, varies for 

EWT, BWT and EN. Egg weight and BWT 

tend to show moderate to high repeatability, 

indicating a good ability to predict future 

performance based on past measurements. 

Egg number, however, often exhibits lower 

repeatability, suggesting that factors beyond 

genetics play a larger role in determining how 

many eggs a tortoise lays in a given season 

(Daikwo et al., 2014; Goto et al., 2015; 

Adeoye et al., 2020). Repeatability is 

influenced by the degree to which a trait is 

genetically determined. Traits with higher 

heritability tend to have higher repeatability. 

Tortoise farming in Nigeria has been 

increasing drastically due to different 

researches that have been conducted on the 

different fields: genetic make-up, nutrition, 

health status, physiology, breeding as well as 

the effect of habitat system on tortoises. 

Certain economic characters in captive 

tortoises are being measured in their life time. 

These characters include BWT, EWT, EN 

and egg size measured at different growth 

periods. It is of a great importance to consider 

the production percentage as well as the 

weight gain in the selection of stock. There is 

also need to select among the stock those that 

will meet the farmers’ and consumer’s needs. 

Also, caution should be taken to prevent loss 

of already gain genetic make-up because of 

the problem of negative correlation (John-

Jaja et al., 2016; Ahmed and Al-Barzinji, 

2020; Udoh et al., 2020). 

Genetic relationships existing between EWT, 

BWT, sexual maturity and egg production in 

various of layer breeds of tortoise as well as 

crosses of exotic breed with local breed and 

management have been established (Platt and 

Platt, 2020; Pike et al., 2021). Thus, in order 

to make savings and increase production 

efficiency on the tortoise farm, an early 

determination of the future probable 

performance of each female tortoise would 

be helpful, tortoises with high estimated 

future performance for such traits can be 

selected and those with low values culled 

(Elliott et al., 2019; Eustace et al., 2020; 

Ewart et al., 2022)  

Repeatability is the correlation between two 

or more several measurements on each in 

individual in a given population (Yakubu et 

al., 2017; Petrozzi et al., 2020). It is more 

importance in the profitability of the tortoise 

enterprise it as characters for the breed to 

repeat their egg production (EP), EWT as 

well as their BWT. Understanding 

repeatability is important for tortoise 

breeders, as it helps them predict which 

individuals are likely to produce offspring 

with desirable traits. High repeatability for 

traits like EWT and BWT suggests that 

selection for these traits can be more 

effective, while lower repeatability for EN 

indicates that environmental management 

plays a crucial role in optimizing egg 

production. Repeatability estimates for EP in 

tortoises are reported to be generally low 

varying from 0.02 to 0.32 (Berry and 

Murphy, 2019; Pere-Garzia et al., 2020; 

Berry et al., 2020; Blonder et al., 2021; 

Cohen et al., 2022), and estimates for EWT 

are high and range from 0.57 to 0.78 

(Bernheim et al., 2020; Petrozzi et al., 2020; 

Kperegbeyi, et al., 2024). Epperson et 

al.,2020 however reported a wide variation of 
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0.15 to 0.80 for EWT of the local breed of tortoise in Nigeria. There is less information on the 

repeatability of egg shape (de la Fuente et al., 2020; Agnolin, 2021; da Silva et al., 2022) 

however reported values of 0.58 to 0.68 for this trait.

While much work has been done on the repeatability of egg traits in temperate countries, there 

is comparatively scanty information on these traits in the tropics. Since almost all the tortoises 

are in the wild ecological zone, there is need to see their performance under the prevailing 

tropical environmental conditions has to be continually monitored. Therefore, this research 

was carried out to estimate the repeatability of EWT, EN and BWT in a laying breed of 

tortoise. 

 

MATERIALS AND METHODS 

Experimental site 

The research was conducted at the Department of Animal Production Research Farm 

(DAPRF), Southern Delta University (SDU), Ozoro. Latitude 50 32I N and Longitude 60 15I E 

of Greenwich meridian place the center in mid-western Nigeria’s rainforest. Average rainfall 

ranges from 2500-3000 mm per year and 27.40C and 85 % are the mean temperature and 

relative humidity (SDU, 2025). 

 

Experimental Animal and Management Practices 

A total of fifty (50) West African Black mud females’ sub-adult tortoises were purchased from 

rural markets in Isoko North and South Local Government Areas in Delta State. The female 

tortoises were individually housed and intensively reared, feed and water were given ad 

libitum throughout the duration of the research with commercial layers mash containing 16% 

CP and 2,700 kcal/kg ME. The experiment started when the female tortoise was weighing 

1674g as an adult tortoise. The study lasted for 52 weeks. The daily records of EN were 

observed from point of lay (32 weeks) till 52 weeks. The BWT was however measured on 

monthly basis using a 10kg measuring scale while the EWT was taken on weekly basis using 

an electronic balance of 0.01gram sensitivity. The eggs collected were numbered according to 

each experimental house until for proper identification. 

 

Statistical Analysis 

The data collected were subjected to one-way ANOVA using SPSS (1999). General linear 

model and restricted maximum likelihood (REML) computer programming was used to 

estimate the variance components using the following model. 

Yij = µ + Si + Eij 

 

Where,  

Yij = records of the jth egg laid by the female tortoise 

µ = Overall mean 

Eij = error term 
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Si = fixed effect of the ith female 

Repeatability was estimated using the expression below: 

R = δ2
B 

    δ2
B + δ2

W 

 

Where: 

δ2
B = variance component due to different among individual individual tortoise 

δ2
W = Error variance component within flock 

 

The expected genetic gain per generation from selection based on repeated record compared 

with selection on a single record was computed with the following as described by Lush 

(1945).  

 

                                                     K 

                                           ------------------ 

                                             [1 + (k - 1) R]0.5 

 

Where: 

k = Number of records per tortoise 

R = Repeatability 

 

RESULTS  

The repeatability estimates of EWT, BWT and EN of West African Black mud species of layer 

tortoise is shown in Table 1. The repeatability estimates of these characters for week 32 to 52 

weeks laying periods were low. EWT values ranged from 0.058 to 0.086, BWT values ranged 

from 0.086 to 0.096, EN values ranged from 0.075 to 0.085. Low repeatability estimates were 

observed throughout the experimental periods except in week 32 and 42 (BWT), 41 and 47 

(EN). Repeatability of EWT, BWT and EN increased linearly with the laying age. 

Table 2 shows the variance components and repeatability of EWT, BWT and EN in tortoises 

at week 32 to 52 laying period. The value for δ2
B (variance component due to difference 

between individual tortoise) ranged from 0.0005 to 0.0458 for all variables. The δ2
w (Error 

variance component within flock) varied from 0.0254 to 0.0741. The repeatability estimates 

for the variables were also high ranging 0.686 to 0.832. Result indicated that the relative 

genetic gain increased with increasing number of records of each individual.  

Relative efficiencies of characterizing individual female tortoise at different ages are presented 

in Table 3. These estimates were generally low for EWT, BWT and EN implying that a greater 

number of records per individual are required to characterize inherent transmitting abilities. 

Generally, the estimated repeatability values for egg parameters ranged from 0.70 to 0.92 for 

the parameter measured. Repeatability of EWT and BWT increased also as the age of the 

tortoise’s increases except for EN.  
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Table 1. Repeatability estimates of egg weight, body weight and egg number traits of West 

African Black mud tortoise 

AGES (Weeks) EWT BWT EN 

32 0.073±0.0325 0.096±0.0460 0.078±0.0203 

33 0.076±0.0357 0.089±0.0420 0.082±0.0412 

34 0.078±0.0372 0.093±0.0452 0.082±0.0353 

35 0.074±0.0328 0.094±0.0425 0.080±0.0361 

36 0.072±0.0306 0.091±0.0462 0.077±0.0402 

37 0.073±0.0301 0.088±0.0443 0.075±0.0368 

38 0.073±0.0394 0.086±0.0452 0.079±0.0403 

39 0.076±0.0342 0.087±0.0476 0.081±0.0375 

40 0.075±0.0343 0.089±0.0482 0.083±0.0416 

41 0.076±0.0401 0.093±0.0480 0.084±0.0404 

42 0.075±0.0369 0.096±0.0437 0.082±0.0328 

43 0.073±0.0403 0.093±0.0473 0.080±0.0357 

44 0.058±0.0352 0.094±0.0445 0.080±0.0358 

45 0.083±0.0423 0.086±0.0482 0.083±0.0361 

46 0.084±0.0352 0.084±0.0423 0.081±0.0382 

47 0.082±0.0374 0.092±0.0472 0.084±0.0302 

48 0.080±0.0364 0.088±0.0357 0.079±0.0469 

49 0.086±0.0452 0.094±0.0472 0.080±0.0307 

50 0.084±0.0364 0.091±0.0476 0.078±0.0371 

51 0.079±0.0364 0.092±0.0492 0.079±0.0366 

52 0.081±0.0467 0.089±0.0472 0.083±0.0373 

               Mean value 0.081±0.0376 0.091±0.0473 0.085±0.0375 

EWT= Egg weight, BWT= Body weight, EN = Egg Number, SE, Standard error 

 

Table 2. Variance components and repeatability estimate of egg weight, body weight and egg 

number of West African Black mud tortoise breed. 

Traits δ2
B δ2

W R SE 

EWT 0.0005 0.0254 0.686 0.0003 

BWT 0.0458 0.0632 0.732 0.0010 

EN 0.0037 0.0741 0.832 0.0302 

EWT = Egg weight, BWT = Body weight, EN = Egg Number, δ2
B, = Variance among tortoises,  

δ2
W = Variance Within Tortoises 

 

Table 3. Relative efficiencies of characterizing individual female tortoise at different ages (%) 

No. of record Age EWT BWT EN 

1 32 (POL) 12.36 13.96 15.57 

2 33 12.90 14.42 15.94 
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No. of record Age EWT BWT EN 

3 34 13.46 14.87 16.29 

4 35 14.54 15.68 16.82 

5 36 15.67 16.55 17.44 

6 37 16.49 17.18 17.87 

7 38 17.82 18.17 18.52 

8 39 17.53 18.02 18.70 

9 40 18.72 18.88 19.05 

10 41 18.20 18.93 19.67 

11 42 18.65 19.41 20.18 

12 43 19.38 21.01 22.64 

13 44 19.78 21.35 22.92 

14 45 19.93 21.91 23.89 

15 46 20.05 22.39 24.73 

16 47 21.58 23.40 25.22 

17 48 22.64 24.30 25.96 

18 50 22.91 24.76 26.61 

19 51 23.30 25.36 27.43 

20 52 23.85 26.40 28.96 

 Mean value          18.49          19.85          21.22 

EWT= Egg weight, BWT= Body weight, EN = Egg Number 

 

DISCUSSION 

The variation in EWT, BWT and EN for repeatability estimate for tortoise were in line with 

the findings of Pike et al., (2021). These researchers reported high repeatability estimates for 

egg parameters in tortoise. The high repeatability estimate varying from 0.058 to 0.086 of the 

measured traits in this present study were in agreement with the work of Platt and Platt (2020) 

with the exception of EN at 44 weeks, which was low at 0.058. The application is low 

repeatability is that fewer records will be required to characterize the inherent producing 

capacity of individuals. These led to same savings in the cost of collecting additional data. 

These observations on the present study were grossly not in line with findings of many authors 

like Oyedapo et al., (2007); 

 Petrozzi et al., (2020); and Kperegbeyi, et al., (2024). All these authors observed values that 

were generally low for repeatability estimate. This may be attributed to the influence of 

environmental and age-related factors (Falconer, 1989; Yakubu et al., 2017 and Udoh et al., 

2020) and due to different species of poultry birds involved. These authors were on layers and 

not on tortoises.  

The coefficients obtained in the study are lower than those reported by (Ballouard et al., 2020; 

Averill-Murray et al.,2020; Ali and Fritz, 2021). These variations might due to differences in 

the breed, environment and the ages of tortoise studied. 
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The linear increase of EWT, BWT and EN values reveals an indication that repeatability 

estimate increases as all the variables increases. This also implies that there would be an age 

at which repeatability in these traits is optimum and this optimum repeatability age that the 

prediction of most probable transmitting ability on individuals for the traits under 

consideration for selection purpose is best done. Result obtained agrees with the reports of 

(Ardjima et al., 2020; Averill-Murray et al., 2021) on the rate of increase for highly repeatable 

traits. At the 52nd week, the relative efficiency of measuring 20 records instead of one for 

characterized females were 254, 632 and 83% for EWT, BWT and EN respectively. 

 

CONCLUSION 

In this study, the general decrease in the magnitude of repeatability values of the traits studied 

was attributable to tortoises laying age/weight. As a result, a greater number of records will 

be required to adequately characterize individual for their producing capacities.  

 

References 

Adeoye, A.A; Udoh, J.E; Oladepo, A.D. and Ojajuni, J. B. (2020). Effect of duration of storage on egg quality. Proc. 45th Annual 

Conference of the Nigerian Society for Animal Production, March 16th-19th 2020, BAUCHI pp 311-314. 

Ahmed, L.S, Al-Barzinji, Y.M.S (2020). Three candidate genes and its association with quantitative variation of egg production 

traits of local quail by using PCR-RFLP. Iraqi. J. Agric. Sci., 51: 124-131. https://doi.org/10.36103/ijas.v51i special.889 

Agnolin, F. L. 2021. A new tortoise from the Pleistocene of Argentina with comments on the extinction of Late Pleistocene 

tortoises and plant communities. Paleontological Journal 55: 913‒922. DOI: 10.1134/s0031030121080037 

Ali, J. R., and U. Fritz. (2021). Origin of Galápagos’ land-locked vertebrates: what, whence, when, how? Biological Journal of 

the Linnean Society 134: 261–284. DOI:    10.1093/biolinneaan/blab085  

Ardjima, L., E. M. Hema, S. Konate, D. Sirima, B. G. Kabre, F. Petrozzi, J. E. Fa, and L. Luiselli. (2020). Unleashing the potential 
of local captive populations for conservation in the West African savannahs -- the case study of the African spurred tortoise. 

Acta  Oecologica 105: 103581. DOI: 10.1016/j.actao.2020.103581  

Averill-Murray, R., C. H. Fleming, and J. D. Riedle. (2020). Reptile home ranges revisited: a case study of space use of Sonoran 

Desert Tortoises (Gopherus morafkai). Herpetological Conservation and Biology 15: 253–271. DOI: 10.2307/j.ctvfjcx1x.9  

Averill-Murray, R.C., T. C. Esque, L. J. Allison, S. Bassett, S. Carter, K. E. Dutcher, S. J. Hromada, K. E. Nussear, and K. T. 
Shoemaker. (2021). Connectivity of Mojave Desert Tortoise populations: management implications for maintaining a viable 

recovery network. U. S. Geological Survey 2021‒1033. DOI: 10.3133/ofr202111033  

Ballouard, J.-M., M. Conord, A. Johanyn. Jardé, S. Caron, and S. Deleuze. (2020). Is popularity a double-edged sword? Children 

want to protect but also harvest tortoises. Journal of Environmental Education. 51: 347–360. DOI: 

10.1080/00958964.2019.1693329 

Bernheim, M., S. Livne, and U. Shanas. (2020). Mediterranean Spur-thighed Tortoises (Testudo graeca) exhibit pre-copulatory 

behavior particularly under specific experimental setups. Journal of Ethology 38: 355–364. DOI: 10.1007/s10164-020-

00657-z 

Berry, K. H., and R. W. Murphy. (2019). Gopherus agassizii (Cooper 1861) – Mojave Desert Tortoise, Agassiz’s Desert Tortoise. 

Chelonian Research Monographs 5: 109.1–109.43. DOI: 10.3854/crm.5.109.agassizii.v1.2019 

Berry, K. H., J. Y. Yee, T. A. Shields, and L. Stockton. (2020). The catastrophic decline of tortoises at a fenced natural area. 

Wildlife Monographs 205: 1–53. DOI:     10.1002/wmon.1052  

Blonder, B. I., K. J. Liedtke, and S.E. Stephens (2021). Changes in coastal gopher tortoise  (Gopherus polyphemus) burrow 
characteristic and density following hurricane events in Northeast Florida, USA: implications for conservation planning. 

Global Ecology and Conservation 25:1-12. DOI: 10.1016/j.gecco, 2020.e01437. 

https://doi.org/10.36103/ijas.v51i%20special.889


25  africascholarpublications@gmail.com                                                                               
 AUGUST, 2025 

 

Cohen, A. A., J. Deelen, and O. R. Jones. (2022). Editorial: Mechanisms and pathways contributing to the diversity of aging 

across the Tree of Life. Frontiers in Cell and Developmental Biology, 10. DOI: 10.3389/fcell.2022.854700  

Cordero, G.A., M. Vamberger, U. Fritz, and F. Ihlow (2022). Skeletal repatterning enhances the protective capacity of the shell 

in African hinge-back tortoises (Kinixys). Anatomical record 2022 May 17. DOI: 10.1002/ar.24954  

Daikwo, S.I. Dim N.I, Momoh, O.M (2014). Genetic parameters of some egg production traits inJapanese quail in a tropical 

Environment. IOSRJ. Agric. Vet. Sci., 7(9):39-42.https://doi.org/10.9790/2380-07933942 

da Silva, R. D. A. Conde, A. Baudisch, and F. Colchero (2022). Slow and negligible senescence among testudines challenges 

evolutionary theories of senescence. Science 376: 1466–1470. DOI: 10.1126/science. abl7811  

de la Fuente, M. S., J. Sterli, and V. Krapovickas (2020). Triassic turtles from Pangea: the legacy from South America. Journal 

of South American Earth Science 105. 102910. DOI: 10.1007/978-3-319-00518-8 

Elliott, T. F., D. S. Bower, and K. Vernes (2019). Reptilian mycophagy: a global review of mutually beneficial associations 

between reptiles and macrofungi. Mycosphere 10: 776– 797. DOI: 10.5943/mycosphere/10/1/18 

Epperson, D. M., C. R. Allen, and K. F. E. Hogan (2020). Red imported fire ants reduce invertebrate abundance, richness, and 

diversity in Gopher Tortoise burrows. Diversity 2020: 1–14. DOI: 103390/d13010007 

Eustace, A. L. F. Esser, R. Mremi, P. K. Malonza, and R. T. Mwaya (2020). Protected areas network is not adequate to protect a 

critically endangered East Africa chelonian: modelling distribution of pancake tortoise, Malacochersus tornieri, under current 

and future climates. PLoS ONE, 16. DOI: 10.1101/2020.08.24.264796  

Ewart, H. E., P. G. Trickle, W. I. Sellers, M. Lambertz, D. A. Crossley II, and J. R. Codd (2022). The metabolic cost of turning 
right side up in the Mediterranean spur-thighed tortoise (Testudo graeca). Scientific Reports 12:43–17. DOI: 10.1038/s41598-

04273-w 

Falconer, D.S. (1989). Introduction of Quantitative Genetics. 2nd Edition, London, Inc. 

Goto, T, Shiraishi J.I, Bumgo, T, Tsudzuki, M. (2015). Characteristics of egg-related traits in the Onagadori (Japanese Extremely 

Long Tail breed of chickens. J. Poult. Sci., 52: 81-87 https://doi.org/10.2141/jp.sa.0140109 

John-Jaja, S.A, Abdulah, A.R, Nwokolo, S.C. (2016). Effects of age variance on repeatability estimates of egg dimension of 

Bovan Nera Black laying chickens. J. Genet. Eng. Bitechnol. 14(1): 2019-22. https://doi.org/10.1016/j.jgeb, 2016.06.003 

Kperegbeyi, J.I, Nwadiolu, R., Ewododhe, A.C.A., Onwumere-Idolor, O. S., Adaigho, D. O., Samuel, A. P and Nwankwo, N. 

(2024). Changes in Body Weight in Morphometric During Varying Growth Phases of Freshwater Tortorise (Geochelone 

Nigra) in intensive management practices. African Journal of Applied Research, 10: (1) 104-116    

Lush, J.L. (1945). Animal breeding plan. 3rd Edition. Ames Iowa State College press. 

Ojedapo, L.O, Akinokun, J.O, Olayeni, T.B, Ameen, S.A, Ige, A.O, Adedeji, T.A, Amao, S.R, Alalade, J.A and Omole, C.A. 

(2007). Repeatability of egg weight, egg number and body weight of a commercial layer strain in the derived savanna zone 

of Nigeria. Proceedings Conference for Nigerian Society of Animal Production (NSAP). University of Calabar; pp: 179-181. 

Petrozzi, F., E. M. Hema, G. S. Demaya, J. S. Benansio, E. A. Eniang, T. Diagne, G. H. Segniagbeto, and L. Luiselli. (2020). 
Centrochelys sulcata (Miller 1779) – African spurred tortoise, Grooved tortoise, Sahel tortoise, Tortue Sillonnée. Chelonian 

Research Monographs. DOI: 10.3854/crm.5.110.sulcata.v1.2020 55   

Pérez-García, A., E. Vlachos, and X. Murelaga. (2020). A large testudinid with African affinities in the post-Messinian (lower 

Pliocene) record of south-eastern Spain. Palaeontology 63: 497–512. DOI: 10.1111/pala.12468 

Platt, S. G, and K. Platt. (2020). The road to recovery: restoring the Burmese Star Tortoise as a functional member of Dry Zone 

ecosystems in Myanmar. Radiata 29: 4–25.  

Pike, K. N., S. Blake, F. Cabrera, I. J. Gordon, and L. Schwarzkopf. (2021). Body size, sex and high philopatry influence the use 

of agricultural land by Galapagos giant tortoises. Oryx 56: 16–25. DOI: 10.1017/s0030605320001167 

SPSS (1999). Statistical Package for Social Science release Standard Version MC Iowa USA. 

Southern Delta University Meteorological Station Report Zonal Office Ozoro, 2024. 

https://doi.org/10.9790/2380-07933942
https://doi.org/10.2141/jp.sa.0140109
https://doi.org/10.1016/j.jgeb


26  africascholarpublications@gmail.com                                                                               
 AUGUST, 2025 

 

Udoh, U.H, Ukama, U.M, Isaac U.C (2020). Repeatability estimates of external and internal eggquality traits in Japanese quail. 

Nigerian J. Anim. Sci., 22(1): 19-26. 

Yakubu, A; I.B. Dodo, H.S, Abdulkadiri and O.I.A. Oluremi (2017). Estimates of repeatabilityand Heritability of Egg Number 

in Sasso Hens in a Tropical Environment. “J. Genet. and Genom.”, 1:106. 

  


