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Abstract  

This study investigates the factors influencing the regrowth rates of rhinoceros horns 

in the Southern white rhinoceros (Ceratotherium simum simum) and the South-eastern 

black rhinoceros (Diceros bicornis minor) within the Selati Game Reserve, South Africa. 

Horn regrowth is vital for the success of dehorning as a conservation strategy aimed at 

deterring poaching. The research analysed horn growth in relation to various factors, 

including sex, age, number of dehorning procedures, days between dehorning events, 

and reproductive status. The key findings indicate that horn regrowth rates are affected 

by a combination of these factors. Both species of rhinoceros exhibited a consistent 

baseline horn regrowth rate of 0.02 cm per day. Males had larger horns, measuring 

24.12 cm ± 11.28 for white rhinos and 20.81 cm ± 10.72 for black rhinos. They also had a 

slightly higher dehorning frequency compared to females, with white rhinos averaging 2 

± 1.01 procedures and black rhinos 2.06 ± 1.06, while females had horn lengths of 20.80 

cm ± 10.06 for white rhinos and 16.74 cm ± 8.38 for black rhinos, along with dehorning 

frequencies of 1.83 ± 0.91 and 1.82 ± 0.95, respectively. Age was a significant factor 

influencing regrowth, as younger rhinos demonstrated faster regrowth rates. For both 

species, those in age class C had a regrowth rate of 0.03 ± 0.01, while older rhinos (in 

age class F) showed significantly slower rates at 0.02 ± 0.01. Repeated dehorning 

events also impacted regrowth; white rhinos exhibited a decrease in regrowth rates, 

dropping from 0.03 cm/day after one or three dehornings to 0.02 cm/day across all 

procedures. In contrast, black rhinos showed a potential compensatory mechanism 

after multiple dehornings, with their regrowth rate increasing to 0.04 cm/day following 

the fourth dehorning. Reproductive status influenced horn regrowth as well, with 

lactating and pregnant white rhinos displaying reduced regrowth rates compared to 

non-pregnant rhinos. For example, rhinos with a calf at foot exhibited significantly lower 

equivalent daily horn growth (EDHG) than non-pregnant rhinos. 

This research offers crucial insights that can significantly enhance management 

practices at Selati Game Reserve. By providing a deeper understanding of rhinoceros 

behaviours, it paves the way for the formulation of targeted and effective conservation 

strategies to safeguard these important species for future generations. 
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Introduction  

1. 1 Ceratotherium simum ssp. simum and Diceros bicornis ssp. minor  

White rhinoceros, Ceratotherium simum (C. simum) are the biggest and most 

numerous of all five extant rhino species. They have an estimated population of 

approximately 17,019 individuals, inhabiting 11 African countries (IUCN Species 

Survival Commission., 2022). The total annual number of C. simum deaths has been 

declining since it peaked in 2015, but the rhino horn trade remains the biggest threat to 

the C. simum species (Ferreira et al., 2015) (see Figure 1). Although this is still the case, 

the International Union for the Conservation of Nature (IUCN) Species Survival 

Commission’s African Rhino Specialist Group (AfRSG) whose mission is to “promote the 

development and long-term maintenance of viable populations of the various sub-

species of African rhinos in the wild” (IUCN., 2024) announced C. simum has seen a 

3.4% population increase for the first time in over a decade resulting in an estimated 

population of 17.464 as of 2023 (CITES CoP19., 2022). C. simum has two recognised 

subspecies of white rhinos: the northern white rhino (C. s. cottoni) and the southern 

white rhino (C. s. simum) (Ryder et al, 2020). C. s. cottoni is now functionally extinct as 

the population consists of two females (mother and daughter) (Videmšek and 

Videmšek., 2023). Meanwhile, C. s. simum has undergone a resurgence, climbing from 

a low population of 2,100 in the early 1970s (’t Sas‐Rolfes et al., 2022) to over 21,320 by 

the end of 2012 (Emslie., 2020a). Their growing numbers from 2012 made them a prime 

target for poachers, individuals who partake in the illegal trade of rhino horn (Figure 1). 

This led to a decline in their population, with C. s. simum experiencing a 24% decrease, 

resulting in an estimated count of 15,942 by the end of 2021. (CITES CoP19., 2022) 

The black rhino, Diceros bicornis (D. bicornis), has an estimated population of 6,421 

individuals distributed across 12 different African countries (Balfour et al., 2024). D. 

bicornis is currently the second most numerous rhino species; it was once the most 

prevalent rhino species worldwide. In 1960, its population in Africa was estimated to be 

as high as 100,000 but by 1970, widespread poaching had reduced their numbers to 

approximately 37,000 (Harper et al., 2018). This continued decline led to a low number 

of around 2,100 individuals in the mid-1990s (Harper et al., 2018). As a result, in 1996, 

the IUCN reclassified D. bicornis from endangered to critically endangered (Emslie and 
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Brooks., 1999). Due to intensive management and conservation initiatives, the 

population of D. bicornis has experienced an increase of 28% over the past decade 

(Emslie., 2020b). The population consists of three subspecies: approximately 2,583 

southwestern black rhinos (D. b. bicornis), 2,450 southeastern black rhinos (D.b. 

minor), and 1,388 eastern black rhinos (D. b. michaeli) (Figure 1) (Emslie., 2020b).  

 

 

 

1. 2 Poaching  

The illegal poaching of rhinos for their horns has resulted in a decline in rhino 

populations across both Africa and Asia (Amin et al., 2006). In Africa, this decline was 

initially precipitated by legalising automatic firearms in several African states in the 

early 70s (Douglas-Hamilton., 1983). Coupled with the high demand for rhino horn, this 

led to a surge in the hunting and killing of rhinos. Between 1960 and 1995, the black 

rhino population plummeted by 98% (Moodley et al, 2017). In response to this decline, 

legislation was enacted to make automatic firearms illegal once again, unless 

Figure 1. Estimated populations of the African rhino subspecies from 1970 to 
2020. (CITES CoP19., 2022) 
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individuals could demonstrate competency and obtain specific licenses (Carnelley., 

2018). Although this has aided in restricting gun control, the surge in available rhino 

horn made the demand for rhino horn increase, as it was now considered a ‘premium 

product’ that only a few people could get their hands on (Jagwanth and Thipanyane, 

1993; Ruggiero., 1990).  

Rhino horn can be transported/ used in multiple ways. One way is known as “raw” 

rhino horn, this is when the horn is transported or displayed (i.e. trophy hunting) exactly 

how it comes off the rhino (Chaudhry., 2020). The other is in the form of a powder, this 

will be where the horn is ground up into a powder (Singer., 1991). This will then be used 

either in traditional Chinese medicine (TCM) (Gao et al, 2016; Zhang et al., 2024) or in 

places like the USA or Vietnam, it will be used as a party drug (Rademeyer, 2012; 

Ladendorf and Ladendorf., 2023). TCM believes that rhino horn possesses specific 

advantageous medicinal qualities (Cheung et al, 2021). Rhino horn is thought to confer 

medicinal benefits (e.g., dispelling of heat, detoxifying and cooling the blood) (Ellis 

2013; But et al., 1991; Cheung et al, 2018) (Figure 2). The evidence for this is scarce 

however (But et al., 1990; Cheung et al, 2021). Rhino horn has been recorded to be 

listed as a drug of the medium category among other drugs in the Divine Farmer’s 

Classic of Materia Medica/ The Shen Nong Ben Cao Jing – Chinese’s oldest surviving 

Materia Medica which categorised plants into vegetables, grains, medicines and 

poisons for the benefit of the people (Nugent-Head., 2014) - which can be dated from 

roughly 200 B.C. to 200 A.D (But, et al,1990; Liu, et al, 2010). The assertion that rhino 

horn is composed of keratin, analogous to human hair and fingernails (Roth et al, 2024), 

prompts a critical examination of its unique significance in various practices. 
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The Convention on International Trade in Endangered Species of Wild Fauna and Flora 

(CITES) addressed the demand for rhino horn by making its trade illegal in 1977 (AWF, 

2017). However, some countries, such as South Africa, did not agree with the 

illegalisation of the rhino horn trade. The South African Constitutional Court on the 5th of 

April 2017, ruled to make the domestic trade of rhino horn legal (Chapman and White., 

2020).  This has caused a divide among people's opinions, as some see the catastrophic 

consequences of having this domestic trade legal, but others see how making the trade 

illegal could also cause negative impacts (Eikelboom et al., 2020).  This subject has 

been addressed in various CITES meetings, resulting in votes in 2016 and 2019 that both 

declined proposals to remove the ban (CITES CoP18., 2019).  

The rationale for advocating the legalisation of rhinoceros horn centres on the 

potential to diminish both demand and market prices, consequently leading to a 

reduction in poaching activities (Di Minin et al, 2015; Jakins., 2018). Arguments against 

the legalisation of the trade are that using stockpiles of rhino horn won’t be able to keep 

up with the demand (Biggs et al., 2013; Fischer, C., 2004). This theory was also used for 

Figure 2. In their 2018 study, Cheung et al. conducted interviews with TCM 

practitioners regarding their use of rhino horn in treatment. The black bars 

represent the number of practitioners who affirmed the use of rhino horn for 

specific purposes, while the grey bars indicate the number of practitioners 

who denied its use for those same purposes. 



30059065 International Wildlife Biology 

the stockpiles of ivory obtained in lots of African countries, the fates of these stockpiles 

were debated for years with countries like Kenya burning majority of their stockpile due 

to expenses of protecting the ivory and continued pushback of selling the ivory (Nadal 

and Aguayo., 2016; t'Sas-Rolfes et al., 2014; Braczkowski et al., 2018). The street value 

of the rhinoceros’ horn is estimated to exceed that of precious metals and substances, 

including gold, diamonds, and cocaine (Biggs et al. 2013; Rademeyer., 2016). 

Rhinoceros poaching is predominantly motivated by the high market value of their 

horns, which can command prices ranging from USD $30,000 to $60,000 per kilogram in 

the illegal trade (Haas and Ferreira., 2016). This substantial financial incentive 

underscores the urgent need for conservation efforts aimed at mitigating the impact of 

poaching on rhinoceroses’ populations.  

 

1. 3 Biology of Horn Growth  

Currently, the primary method to prevent rhinos from being poached for their horns is 

through a process known as dehorning, which ethically removes the horn roughly every 

18 months. To combat poaching, conservationists have adopted dehorning as a 

preventative measure and conservation tool. This practice initially began in Zimbabwe, 

Namibia, and Swaziland and has now been implemented in most African countries that 

are home to rhinos (Rachlow and Berger, 1997). During the dehorning process, a 

veterinary team removes a significant portion of the visible horn (Du Toit and Anderson, 

2013; Chimes et al., 2022). The initial idea behind dehorning was not only to protect 

rhinos from poachers but also to aid financially strained developing nations in their 

efforts for rhino conservation, as these nations could sell the horns obtained from 

ethical dehorning (Crookes and Blignaut., 2015). However, this latter aspect of the 

process has become less common. Both public and private game reserves routinely 

dehorn their rhinos, with Kruger National Park aiming to have all its rhinos dehorned by 

the end of 2021 – this target was not completed but 805 rhinos were dehorned between 

2021 and 2022 (Africa Geographic., 2022) 

Rhinos primarily use their horns for various social interactions, including mating, 

marking territory, and occasionally for seeking food and self-defence against predators 
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or other rhinos (Duthé et al., 2023; Penny et al., 2022). A study examined the potential 

impact of dehorning on behaviours such as resource access, wallowing, and rubbing, 

all of which are considered social behaviours among rhinos. The results of the study 

indicated that there was no evidence to suggest that the dehorning process disrupts the 

social behaviours of rhinos (Penny et al., 2021). Pfannerstill et al (2023), also studied 

the social behaviours of rhinos in Botswana, specifically looking to see if the chasing 

involved in the dehorning process influences the social behaviours post-dehorning but 

found that there were no major effects on the rhinos’ behaviours. But Pfannerstill et al 

(2023) did highlight the importance of knowing if dehorning does reduce the rhinos’ 

chances of being poach, as although it is believed to affect their behaviours it is still an 

invasive procedure.  

 

1. 4 Survival Rates  

Researchers investigated four populations of D. bicornis, classifying population A as 

being outside a protected area and populations B, C, and D as participants in the Black 

Rhino Custodianship Programme. Population B, which had never been subjected to 

dehorning, showed the shortest lifespan and the highest poaching mortality rate at 

65%, as well as the lowest female fecundity, with an average lifespan of 7.111 years (± 

0.308 SE, n=14) (Chimes et al., 2022). Moreover, population B faced the highest calf 

mortality rate, with 30% of calves lost to predation and 70% categorised as having 

unknown causes which was similarly found in other studies (Penny et al., 2020).  

Dehorning may well protect rhinos from being poached by humans, but it potentially 

has a negative correlation with calf mortality due to losing their defence mechanisms. 

Berger and Cunningham (1997) studied the survival rates of calves from horned and 

dehorned female black rhinos in the Namib Desert. Research findings showed that calf 

mortality was higher in a dehorned population that coexists with spotted hyenas 

(Crocuta crocuta) compared to areas without hyenas, or where mothers were horned.  

A model was created to determine how frequently an African rhino needs to be 

dehorned for the process to be sustainable and to evaluate whether dehorning is a 

viable practice for rhino survival (Milner-Gulland et al., 1992). Milner-Gulland et al 
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(1993), used this model and found that a rhino must be dehorned every 1.3 years to 

effectively deter poachers; rhinos that went longer without dehorning were at greater 

risk of being killed. It is important to note, however, that Milner-Gulland et al (1992), 

acknowledged a limitation in their study: they had to estimate horn growth rates due to 

the lack of available data at the time. While some research has been conducted on the 

sustainability of rhino horn production using known growth rates (Taylor et al., 2017), 

this study primarily focused on the hypothetical legal trade of rhino horn and did not 

address conservation perspectives. 

 

1. 5 Horn growth 

Giving rhinos the best chance of survival, it is crucial to take into account the varying 

growth rates of rhino horns, which can significantly impact the effectiveness of 

dehorning as a conservation strategy. Studying horn growth is important because the 

growth of rhino horn is unique; although rhino horn is mainly made of keratin it also has 

components of calcium and melanin which can strongly influence the horn growth 

behaviour (Yang., 2011; Hieronymus et al., 2006). Rhino horn is again unique as it isn’t 

attached to the rhino's skull, making them different to other species, e.g. saiga, goats, 

sheep that also possess keratin horns (Hieronymus et al., 2006) (Figure 3).  

Despite the advantages of dehorning, a significant challenge therefore persists 

regarding the management of this practice due to a notable absence of precise and 

consistent data on rhino horn regrowth rates. This research gap presents difficulties in 

establishing the most effective intervals for dehorning. In the absence of reliable 

information, there is a risk of implementing suboptimal dehorning schedules, which 

could potentially lead to either inadequate protection for rhinos or unnecessary 

interventions that may stress the animals (Milner-Gulland et al., 1992). As such, 

addressing this knowledge deficiency is crucial for developing evidence-based 

management strategies that can better safeguard rhino populations from the threat of 

poaching. 
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1. 6 Aims and Hypothesis  

The fundamental aim of this project is to explore variations in rhinoceros’ horn 

(re)growth and provide important, population-specific data for the management team at 

Selati Game Reserve.  

The primary hypothesis is that male rhinos will exhibit a faster rate of horn growth 

compared to their female counterparts (Whyte and Hall-Martin., 2018; Corlatti et al., 

2015). Additionally, it is hypothesised that juvenile rhinos will have a swifter horn growth 

rate, whereas the growth rate of old adult rhinos is relatively slower (Bonenfant et al., 

2009). Furthermore, C. s. simum front horn will grow at a faster pace than D.b. minor, as 

on average they have a larger front horn (Pienaar., 1991).  

 

 

 

Figure 3. CT scan showing the components of a rhino horn. 

Denser areas of calcium and melanin are demonstrated using 

red, and blue for the least dense areas. (Yang., 2011) 
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Methods  

 2. 1 Ethics  

The dehorning procedure is carried out in accordance with stringent licensing 

regulations and is closely supervised by a qualified wildlife veterinarian and a 

designated government official. Although there may be temporary increases in stress 

and behavioural changes as suggested by studies such as Badenhorst et al (2016), and 

Penny et al (2020), and subsequent behavioural changes noted in studies by Penny et al 

(2021), and Duthe et al (2023), it is important to note that the decision to employ this 

invasive procedure is grounded in its vital role in deterring poaching, thereby preventing 

rhino mortality. For this study specifically, an ethics declaration and risk assessment 

were carried out (see Appendix A). 

2. 2 Study site  

Situated in the Limpopo Province, between the towns of Gravelotte and Phalaborwa, 

Selati Game Reserve (hereby referred to as Selati) is a private, non-commercial 

conservancy spanning nearly 28,000 hectares. Its coordinates are between 23⁰ 54’ S 

and 24⁰ 06’ S, and 30⁰ 36’ E and 30⁰ 55’ E (Comley et al, 2020), and the average 

temperatures range from 7°C to 36°C (Kettles and Slowtow, 2009) (Figure 4). With a rich 

ecosystem, it is home to 50 different mammal species, including leopards (Panthera 

pardus pardus), cheetahs (Acinonyx jubatus jubatus), elephants (Loxodonta africana), 

klipspringers (Oreotragus oreotragus), and Sharpe’s grysboks (Raphicerus sharpei). 

Selati is home to two rhino species: the C. s. simum and the D. b. minor. Notably, Selati 

received a black rhino in 2010 as part of the BRREP (Black Rhino Range Expansion 

Project) initiated by the WWF (World Wildlife Foundation) (Madeline Siegel, 

Pers.Comm). Since 2014, Selati has been utilising dehorning as a conservation tool for 

its rhino population. (Steven Seager, Pers.Comm; Selati Game Reserve., n.d.) 
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Figure 4. Location and site map of the study site, Selati Game Reserve 

 

2. 3 Influencing variables  

To calculate estimated daily horn growth (EDHG) measurements that were taken 

before and after dehorning were utilised (See Appendix B for a Comprehensive Overview 

of the dehorning process). Before dehorning, measurements were taken of the height 

and circumference of both the anterior and posterior horn. Once these measurements 

are taken, vets will use a chainsaw to remove a large portion of the rhino’s horn, the 

remaining horn will be left with either a square cut or a rounded cut. Subsequently, 

post-dehorning measurements were taken of the height of the anterior horn only, as 

generally only about an inch of the posterior horn is left (Figure 5). Once the horn is 

removed, additional measurements are taken for the outer and inner heights of both the 

removed horns in centimetres, as well as the weight of the horn. This data is primarily 

collected for governmental purposes.  
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Figure 5. Illustration of how rhino horn measurements are taken. 

The pre- and post-dehorning heights of the anterior horn were solely used to calculate 

the EDHG in this study. In instances where the pre- and post-dehorning heights were 

not feasible to obtain during the dehorning process, post- and pre-dehorning photos 

(either from the dehorning procedure and/or camera traps, along with the outer horn 

lengths) will be utilised to estimate the missing measurements. At Selati, rhinos have 

been dehorned since 2012; however, the data analysed in this study will begin from 

2014. The measurements recorded in 2012 were found to be inaccurate, as the post-

dehorning lengths suggested that the rhinos had either no horn left or negative 

measurements, failing to accurately reflect the true post-dehorning status. 

 

 

 

 

 

 

 

 

 At Selati, rhinos are categorised by age. For this study, we will utilise the old 

subcategories (as shown in Table 1), since the current age categories at Selati result in 

only three unevenly distributed groups. The ages of the rhinos will be approximated, as 

their exact birth dates are rarely known. This estimation will be based on the first 

sighting recorded via camera traps or personal observation, coupled with the size of the 

individual to refine the estimation of their birth dates. For the rhinos still in Selati's 

population as of January 1, 2024. 
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Table 1. Age categories used at Selati 

Current Age Categories 

used by Selati 

Old Age Categories used 

by Selati (Subcategories) 

Age 

Calf A 0-3 months 

Calf B 3 months – 1 year 

Calf C 1 – 2 years 

Calf D 2 – 3.5 years 

Sub-Adult E1 3.5 – 6 years 

Sub-Adult E2 6 – 7 years 

Adult F 7 + years 

 

 

2. 4 Statistical analysis  

To analyse the data, R (version 4.4.2) and RStudio (version 2024.12.1+563) were 

utilised. Descriptive analyses were performed for the different influences; age, sex, 

number of dehorning procedures, average age at time of dehorning, days between 

dehorning procedures and pre-dehorning measurements using the describe and 

summary functions from the ‘psych’ package (Revelle., 2024).   

Preliminary investigations into the dataset revealed a statistical outlier concerning 

the C. s. simum population. This outlier was identified through both Cook’s Distance 

and Cleaver SD methods, prompting the decision to exclude this particular data row 

from subsequent analyses. The evaluation of the D. b. minor population with the 

application of Cook’s Distance did not reveal any statistical outliers within the dataset. 

However, the Cleaver SD method indicated the presence of a potential outlier. Given the 

limited sample size of the study population and the absence of any statistical outliers 

identified by Cook’s Distance, the decision was made to retain all data rows in the 

analysis.  
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The first model, a generalised linear model was fitted with EDHG as the response 

variable, and the interaction between the number of dehornings and age at the time of 

dehorning as explanatory variables. A Gaussian distribution with a log link function was 

specified. To evaluate the improvement in model fit by including the interaction term, an 

analysis of deviance, anova() was performed comparing the fitted model with a baseline 

model. A Chi-square test was used to determine the statistical significance of the 

difference in deviance between the two models.  

A second model, a linear regression model, was fitted with EDHG as the response 

variable and age at the time of dehorning and days between dehornings as predictor 

variables, including their interaction term (age at the time of dehorning * days between 

dehornings). Prior to analysis, the variables age at the time of dehorning and days 

between dehornings were transformed using the scale function to standardise their 

ranges. Variance inflation factors (VIFs) were calculated using the car::vif() function 

from the package car (Fox and Weisberg., 2019) to assess multicollinearity among the 

predictors (VIF < 2). The scaled variables were then back-transformed to their original 

units using the saved mean and standard deviation values from the scaling process.  

The third model, A linear regression model, was fitted with EDHG as the response 

variable and reproductive status (P.or.CF.or.N) as the predictor variable. Reproductive 

status was treated as a categorical factor with three levels: Pregnancy (P), Calf at Foot 

(CF), and None (N) – a fourth category was present for the C. s. simum, Pregnant + Calf 

at foot (P + CF). To determine which specific reproductive status categories differed 

significantly in terms of EDHG, a post-hoc Tukey's Honestly Significant Difference 

(TukeyHSD) test was conducted. First, an analysis of variance (ANOVA) was performed 

using the aov() function to partition the variance in EDHG attributable to reproductive 

status. Then, the TukeyHSD() function was applied to the ANOVA object to calculate 

pairwise comparisons between reproductive statuses, and controlling for multiple 

comparisons.  
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Results 

3. 1 C. s. simum  

3. 1. 1 C. s. simum Sex  

The population of C. s. simum exhibits a slight sex disparity, with females constituting 

54.20% and males 45.80% of individuals who have undergone dehorning events. EDHG 

rates for both sexes are relatively consistent, recorded at 0.02 cm (± 0.01) per day. 

Additionally, males exhibit a higher average frequency of dehorning, with lifetime 

occurrences averaging 2 (±1.01), compared to females who average 1.83 (±0.91). Pre-

dehorning metrics (Figure 5) indicate that males demonstrate an average horn size of 

28.61 cm (± 11.64), while females average slightly smaller at 25.67 cm (± 9.40). Post-

dehorning metrics indicate that males average a post-dehorning horn size of 7.84 cm (± 

2.57), while females on average are left with slightly larger horns at 7.98 cm (± 4.77). 

Both sexes fall into the F category (Table 2) in terms of age at the time of dehorning.  

 

Table 2. Overall descriptive statistics (mean and stand deviation) for males and 

females of the C. s. simum population. 

  MEAN (sd) 

SEX Males  Females  

Number of Dehorning 

Procedures 

2 (± 1.01) 1.83 (± 0.91) 

Age at the time of 

Dehorning (days) 

2699.22 (± 1704.04) 2928.90 (± 2311.84) 

Days between Dehorning 

Procedures  

1184.20 (± 841.04) 1236.45 (± 902.07) 

Overall Growth (cm) 24.12 (± 11.28) 20.80 (± 10.06) 

Estimated Daily Horn 

Growth (cm/ day) 

0.02 (± 0.01) 0.02 (± 0.01) 
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3. 1. 2 C. s. simum Age  

The population age ratios of C. s. simum exhibit a male bias, with the exception of age 

class B, which shows a preference for females, and age class E2, which demonstrates 

no significant bias (Table 3). Analysis of EDHG measurements reveals a consistent 

downward trend in growth rates correlating with advancing age for both sexes. Notably, 

there is a decline in EDHG rates from age classes B to D and from C to E1, with females 

exhibiting a more pronounced reduction, demonstrating a decrease of 0.03 cm/day 

between age classes B and F (Table 4). In terms of overall growth, there is a positive 

relationship with increasing age until a peak is reached at age class E1, after which a 

decline in overall growth is observed for both sexes (Table 5). However, males reach 

their peak at age class E2, averaging 31.50 cm (±13.98), before undergoing a 

subsequent decline in growth. Furthermore, trends in pre-dehorning growth closely 

align with overall growth patterns, indicating a peak in pre-dehorning growth at age class 

E2 for all observed individuals (Table 6). 
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Table 3. Overall descriptive statistics (mean and standard deviation) for the age 

classes of the C. s. simum population. 

 
MEAN (SD) 

Age Class 

(sex ratio 

F:M) 

 

B (1:3) 

 

C (5:3) 

 

D (7:5) 

 

E1 (15:11) 

 

E2 (1:1) 

 

F (34:31) 

Number of 

Dehorning 

Procedures 

1.00 (± 

0.00) 

1.00 (± 

0.00) 

1.42 (± 

0.51) 

1.5 (± 0.65)  1.75 (± 

0.71) 

2.46 (± 

0.95)  

Age at the 

time of 

Dehorning 

(days) 

279.00 (± 

45.54) 

599.12 

(±118.31) 

1046.25 (± 

140.12) 

1693.81 (± 

281.16) 

2374.5 (± 

181.3)  

4930.32 

(± 

4918.83) 

Days 

between 

Dehorning 

Procedures  

279.00 (± 

45.54) 

599.12 

(±118.31) 

821.67 (± 

275.12) 

1313.65 (± 

464.82) 

1472.25 (± 

723.62)  

1688.58 

(± 

1515.03) 

 

Table 4. The mean daily horn growth of the C. s. simum in cm for all six different 

age categories, further split into male, female and both (female + male) 

 

 

 

 

 

 

  Daily Horn Growth (cm) (SD) 
 Age Class Female Male Both 
B 0.04 (± 0.00) 0.04 (± 0.00) 0.04 (± 0.00) 
C 0.03 (± 0.01) 0.03 (± 0.00) 0.03 (± 0.01) 
D 0.03 (± 0.00) 0.03 (± 0.01) 0.03 (± 0.00) 
E1 0.02 (± 0.00) 0.02 (± 0.01) 0.02 (± 0.01) 
E2 0.02 (± 0.01) 0.02 (± 0.00) 0.02 (± 0.00) 
F 0.01 (± 0.01) 0.02 (± 0.00) 0.02 (± 0.01) 
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Table 5. Mean overall horn growth between dehorning procedures in female, 

male, and both (combined) C. s. simum groups, across varying age classes. 

  Overall Horn Growth (cm) (SD) 
 Age Class Female Male Both 
B 5.00 (± 0.00) 11.67 (± 3.55) 10.00 (± 4.42) 
C 20.15 (± 2.85) 19.42 (± 4.19) 19.88 (± 3.29) 
D 19.71 (± 0.00) 24.60 (± 9.45) 21.75 (± 8.04) 
E1 25.60 (± 8.30) 27.41 (± 7.98) 26.37 (± 8.06) 
E2 20.13 (± 6.61) 31.50 (± 13.98) 25.81 (± 11.77) 
F 19.63 (± 12.28) 24.05 (± 12.76) 21.74 (± 12.61) 

  

Table 6. Mean front horn pre-dehorning length in female, male, and both 

(combined) C. s. simum groups, across varying age classes. 

  Front Horn Length – Pre-Dehorning (cm) (SD) 
 Age Class Female Male Both 
B 10.50 (± 0.00)  11.67 (± 3.55) 11.38 (± 2.95) 
C 20.15 (± 2.48) 19.42 (± 4.19) 19.88 (± 3.29) 
D 21.86 (± 4.83) 27.60 (± 5.46) 24.25 (± 5.69) 
E1 29.00 (± 5.41) 30.14 (± 5.27) 29.48 (± 5.27) 
E2 26.63 (± 3.71) 34.50 (± 10.91) 30.56 (± 8.64) 
F 26.94 (± 11.89) 30.89 (± 13.45) 28.82 (± 12.71) 

 

 

3. 1. 3 C. s. simum Number of Dehorning Procedures  

In the Selati population, only one male C. s. simum underwent dehorning procedures 

five times, at the age of 3779 days. Prior to dehorning, the front horn length measured 

22 cm, which was reduced to 6.5 cm post-procedure. The daily horn growth rate was 

recorded at 0.02 cm/ day. 

The EDHG for the C. s. simum population in both sexes was recorded at 0.02 (± 0.01/± 

0.02) across all dehorning procedures (see Table 8). Male C. s. simum demonstrated a 

higher EDHG rate of 0.03 (± 0.01) after undergoing one or three dehorning procedures. A 

general trend indicates a decline in overall horn growth with an increasing number of 

dehorning procedures (refer to Table 9). The age at which dehorning occurs shows a 

positive correlation with the number of procedures, as individuals being dehorned for 
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the first time typically fall within the E1 age class, while those undergoing multiple 

dehorning procedures in their lifetime are all classified in the F age class (Table 7). 

Conversely, the interval between dehorning procedures exhibits a negative relationship.   

The interaction between the number of dehornings and the age at the time of 

dehorning significantly influenced the EDHG (cm/day). Across all dehorning 

frequencies, a consistent negative relationship was observed between the age at 

dehorning and the EDHG (Figure 6). Specifically, as the age at dehorning increased, the 

EDHG decreased. This pattern was most pronounced in animals dehorned only once, 

where the EDHG decreased from approximately 0.04 cm/day at younger ages to below 

0.01 cm/day at older ages. While the negative trend was consistent across all dehorning 

frequencies, the effect appeared to decline with increasing numbers of dehornings. For 

instance, in animals dehorned four or five times, the EDHG showed a less dramatic 

decrease with increasing age at dehorning compared to those dehorned fewer times. 

For C. s. simum that underwent 1 to 4 dehornings, there is a statistically significant 

relationship between age at dehorning and the response variable, as indicated by the 

extremely low p-values (ranging from 1.78e-11 to 7.55e-07). However, for C. s. simum 

experiencing 5 dehorning procedures, the relationship is not statistically significant (p = 

0.0815).  

 

Table 7. Overall descriptive statistics (mean and standard deviation) for the number 

of dehorning procedures of the C. s. simum population. 

 
MEAN (SD) 

Number of Dehorning 

Procedures (sex ratio F:M) 

 

1 (32:23) 

 

2 (23:20) 

 

3 (1:1) 

 

4 (1:1) 

Age at the time of 

Dehorning (days) 

1671.15 (± 

1563.62) 

3250.51 (± 

2084.77) 

4070.79 (± 

1852.24) 

4592.75 (± 

1165.81) 

Days between Dehorning 

Procedures  

1671.15 (± 

1563.62) 

1311.35 (± 

760.25) 

742.42 (± 

288.89) 

794.38 (± 

237.65) 

EDHG (cm/ day) 0.02 (± 

0.01) 

0.02 (± 

0.01) 

0.02 (± 

0.01) 

0.02 (± 0.01) 
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Table 8. EDHG (cm/day) in female, male, and both (combined) C. s. simum 

groups, across varying numbers of dehorning procedures 

  Daily Horn Growth (cm) (SD) 
 Number of Dehorning 
Procedures 

Female Male Both 

1 0.02 (± 0.01) 0.03 (± 0.01) 0.02 (± 0.01) 
2 0.02 (± 0.00) 0.02 (± 0.01) 0.02 (± 0.01) 
3 0.02 (± 0.01) 0.03 (± 0.01) 0.02 (± 0.01) 
4 0.02 (± 0.01) 0.02 (± 0.01) 0.02 (± 0.01) 

 

Table 9. Mean overall horn growth between dehorning procedures in female, 

male, and both (combined) C. s. simum groups, across varying numbers of 

dehorning procedures. 

  Overall Horn Growth (cm) (SD) 
 Number of Dehorning 
Procedures 

Female Male Both 

1 26.38 (± 10.47) 27.78 (± 10.76) 27.06 (± 10.33) 
2 18.52 (± 7.53) 27.03 (± 12.79) 31.23 (± 12.25) 
3 13.67 (± 5.06) 16.00 (± 3.92) 21.88 (± 4.16) 
4 10.63 (± 2.50) 15.50 (± 2.48) 20.06 (± 3.80) 
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Figure 6. The interaction between the number of dehornings (NO_DH) and the 

age at the time of dehorning on the EDHG rate (cm/day) in C. s. simum. Each 

panel represents a different number of dehornings (NO_DH = 1, 2, 3, 4 and 5), 

showing the relationship between age at dehorning and EDHG within that 

specific dehorning frequency. 

 

3. 1. 4 C. s. simum Days Between Dehorning  

Within the initial 302 days following dehorning, there is a marked decrease in EDHG 

with increasing age at dehorning. This trend is less pronounced in the subsequent time 

interval (302-1684 days), where a slightly negative relationship is still observed. 

However, in the later time intervals (1584-3259, 3259-4244, and 4244-6215 days), the 

relationship between age at dehorning and EDHG shifts, exhibiting a positive trend, 

particularly pronounced in the final two intervals. The interaction between age at 

dehorning and days since dehorning significantly influences EDHG (p = 0.000135). 

(Figure 7) 
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Figure 7. EDHG growth (cm/day) in relation to age at dehorning (days), stratified 

by days since dehorning. The plot displays the EDHG across a range of ages at 

which dehorning occurred, separated into five categories based on the time 

elapsed since the dehorning procedure (0-302 days, 302-1584 days, 1584-3259 

days, 3259-4244 days, and 4244-6215 days). Shaded areas represent confidence 

intervals for the predicted values. 

 

3. 1. 5 C. s. simum Reproductive Status 

The data reveals a significant difference in EDHG rates between reproductive 

categories. Specifically, rhinos with a calf at foot (CF) exhibited a significantly lower 

EDHG compared to non-pregnant rhinos (N) (EDHG = 0.013 cm, P = 0.001). Conversely, 

pregnant rhinos (P) showed a significantly lower EDHG rate compared to non-pregnant 

rhinos (N), with a difference of -0.009 cm and a statistically significant p-value of 0.003. 

(Figure 8) 
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3. 2 D. b. minor  

3. 2. 1 D. b. minor Sex 

The sex distribution within the D. b. minor population reveals that females account for 

48.57% while males constitute 51.43% of individuals who have experienced dehorning 

events. Both sexes exhibit an EDHG rate of 0.02 cm (± 0.01) (Table 10), mirrors the 

growth rates observed in C. s. simum. Analysis of dehorning frequency shows that 

males undergo an average of 2.06 (± 1.06) procedures, whereas females experience an 

average of 1.82 (± 0.95). Prior to dehorning, males exhibited an average horn size of 

28.86 cm (± 11.20), in contrast to the smaller average size of 25.67 cm (± 9.40) observed 

in females. Following dehorning, males' average horn size is 8.06 cm (± 2.36), while 

females average 8.68 cm (± 1.41) in horn size. Both sexes fall into the F category 

regarding age at dehorning, but males average nearly double the age of females.   

 

Figure 8. The plot illustrates the EDHG rate (cm) in rhinos across four 

reproductive categories: rhinos with a calf at foot (CF), rhinos with both a calf at 

foot and pregnancy (CF + P), non-pregnant rhinos (N), and pregnant rhinos (P). 

The error bars representing the confidence intervals around the predicted mean 

horn growth for each category.  
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Table 10. Overall descriptive statistics (mean and standard deviation) for males and 

females of the D. b. minor population. 

 
MEAN (sd) 

Sex  MALE  FEMALE  

Number of Dehorning 

Procedures 

 2.06 (± 1.06) 1.82 (± 0.95) 

Age at the time of 

Dehorning (days) 

4370.33 (± 2451.54) 2871.53 (± 1953.45) 

Days between Dehorning 

Procedures  

1623.33 (± 1384.95) 1558.00 (± 1283.30) 

Overall Horn Growth (cm) 20.81 (± 10.72) 16.74 (± 8.38) 

EDHG (cm) 0.02 (± 0.01) 0.02 (± 0.01) 

 

3. 2. 2 D. b. minor Age  

The demographic analysis of the D. b. minor population reveals age ratios that are 

generally balanced, with a female bias in group E2 and a male bias in group F, as 

illustrated in Table 11. EDHG measurements indicate a consistent downward trend in 

growth rates with increasing age, specifically recording averages of 0.03 (± 0.00) for 

groups C and D, and 0.02 (± 0.01) for groups E1, E2, and F (Table 12). Overall growth 

exhibits a significant increase when comparing groups C and D, with growth metrics 

rising from 17.50 (± 1.06) to 28.75 (± 3.18) for both sexes, followed by a general levelling 

off after group D, though a decline is noted post-E2 (Table 13). Group C exhibits the 

smallest overall growth, which correlates with the earliest age at dehorning and the 

shortest intervals between dehorning procedures (Table 11). Pre-dehorning growth 

trends align closely with overall growth patterns, reflecting the largest increase from 

group C to D and subsequent stabilisation after group D (Table 14).  
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Table 11. Overall descriptive statistics (mean and standard deviation) for the age 
classes of the D. b. minor population. 

 
MEAN (sd) (cm) 

Age Class 

(sex ratio 

F:M) 

 

C (1:1) 

 

D (1:1) 

 

E1 (1:1) 

 

E2 (2:1) 

 

F (5:6) 

Number of 

Dehorning 

Procedures 

1.00 (± 

0.00) 

1.00 (± 

0.00) 

1.33 (± 0.52)  1.00 (± 

0.00) 

2.41 (± 

0.96)  

Age at the 

time of 

Dehorning 

(days) 

579.50 (± 

91.22) 

1142.00 (± 

173.95) 

1726.00 (± 

399.07) 

1776.00 (± 

1007.15)  

4925.23 

(± 

1952.36) 

Days 

between 

Dehorning 

Procedures  

579.50 (± 

91.22) 

1142.00 (± 

173.95) 

1315.50 (± 

629.15) 

2462.67 (± 

1842.00)  

1681.00 

(± 

1461.05) 

Daily Horn 

Growth (cm) 

0.03 (± 

0.00) 

0.03 (± 

0.00) 

0.02 (± 0.01) 0.02 (± 

0.01) 

0.02 (± 

0.01) 

 

 

Table 12. EDHG (cm/day) in female, male, and both (combined) D. b. minor 

groups, across varying age classes 

  Daily Horn Growth (cm) (SD) 
 Age Class Female Male Both 
C 0.03 (± 0.00) 0.03 (± 0.00) 0.03 (± 0.00) 
D 0.03 (± 0.00) 0.02 (± 0.00) 0.03 (± 0.00) 
E1 0.02 (± 0.00) 0.02 (± 0.00) 0.02 (± 0.01) 
E2 0.02 (± 0.01) 0.01 (± 0.00) 0.02 (± 0.01) 
F 0.01 (± 0.00) 0.02 (± 0.00) 0.02 (± 0.01) 
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Table 13. Mean overall horn growth between dehorning procedures in female, 

male, and both (combined) D. b. minor groups, across varying age classes. 

  Overall Horn Growth (cm) (SD) 
 Age Class Female Male Both 
C 16.00 (± 0.00) 19.00 (± 0.00) 17.50 (± 1.06) 
D 26.50 (± 0.00) 31.00 (± 0.00) 28.75 (± 3.18) 
E1 25.33 (± 10.49) 24.83 (± 14.18) 25.08 (± 11.16) 
E2 28.00 (± 14.14) 26.00 (± 0.00) 27.33 (± 10.07) 
F 17.65(± 9.63) 23.21 (± 13.22) 20.68 (± 11.80) 

 

Table 14. Mean front horn pre-dehorning length in female, male, and both 

(combined) D. b. minor groups, across varying age classes. 

  Front Horn Length – Pre-Dehorning (cm) (SD) 
 Age Class Female Male Both 
C 16.00 (± 0.00) 19.00 (± 0.00) 17.50 (± 2.12) 
D 26.50 (± 0.00) 31.00 (± 0.00) 28.75 (± 3.18) 
E1 27.67 (± 6.60) 26.33 (± 12.7) 27.00 (± 9.08) 
E2 28.00 (± 14.14) 26.00 (± 0.00) 37.33 (± 10.07) 
F 25.05 (± 9.21) 30.38 (± 2.26) 27.95 (± 11.06) 

 

 

3. 2. 3 D. b. minor Number of Dehorning Procedures  

The EDHG recorded for the D. b. minor population in both males and females 

remained at 0.02 (± 0.00/ ± 0.02) until the fourth dehorning, where it increased to 0.04 (± 

0.03) (see Table 15). Male D. b. minor displayed similar EDHG values, starting at 0.02 (± 

0.01) and then rising to 0.05 (± 0.02) following the third dehorning (Table 16). In contrast, 

female D. b. minor maintained a consistent EDHG of 0.02 (± 0.01) across all dehorning 

sessions but showed a unique decline at the second dehorning. Overall, there appears 

to be a trend of decreasing horn growth with each successive dehorning until the third 

procedure, after which horn growth increases again (refer to Table 17 and Figure 9). The 

timing of dehorning is positively correlated with the number of procedures, as first-time 

dehorning usually occurs in the E1 age class, while individuals subjected to multiple 

dehorning procedures are classified in the F age class. On the other hand, the interval 
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between dehorning procedures shows a negative correlation (Table 15). For D. b. minor 

dehorned once, there was a statistically significant negative relationship between age at 

dehorning and EDHG rate (p = 3.79e-06), this is also found in D. b. minor dehorned four 

times, (p = 7.75e-14). For D. b. minor dehorned two and three, the relationship between 

age at dehorning and EDHG rate was not statistically significant (p = 0.294 and p = 

0.300).  

 

Table 15. Overall descriptive statistics for the number of dehorning procedures of the 

D. b. minor population. 

 
MEAN (sd) 

Number of Dehorning 

Procedures (sex ratio F:M) 

 

1 (8:7) 

 

2 (1:1) 

 

3 (3:4) 

 

4 (1:2) 

Age at the time of 

Dehorning (days) 

2180.60 (± 

1544.93) 

4066.70 (± 

2185.19) 

5286.29 (± 

2211.9) 

5700.67 (± 

2412.66) 

Days between Dehorning 

Procedures  

2317.93 (± 

1639.62) 

1362.70 (± 

770.50) 

775.29 (± 

129.35) 

627.67 (± 

110.26) 

Front Horn Length – Pre-

Dehorning (cm) 

27.80 (± 

8.63) 

28.65 (± 

11.51) 

21.79 (± 

3.4) 

31.83 (± 

20.06) 

Front Horn Length – Post 

Dehorning (cm) 

8.37 (± 

2.09) 

8.70 (± 

2.37) 

7.93 (± 

1.57) 

8.17 (± 0.58) 

Overall Horn Growth (cm) 19.43 (± 

8.87) 

19.95 (± 

10.33) 

13.86 (± 

4.42) 

23.67 (± 

19.78) 

EDHG (cm) 0.02 (± 

0.01) 

0.02 (± 

0.00) 

0.02 (± 

0.01) 

0.04 (± 0.03) 
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Table 16. EDHG (cm/day) in female, male, and both (combined) D. b. minor 

groups, across varying numbers of dehorning procedures. 

  Daily Horn Growth (cm) (SD) 
 Number of Dehorning 
Procedures 

Female Male Both 

1 0.02 (± 0.01) 0.02 (± 0.01) 0.02 (± 0.01) 
2 0.01 (± 0.00) 0.02 (± 0.01) 0.02 (± 0.00) 
3 0.02 (± 0.01) 0.02 (± 0.01) 0.02 (± 0.01) 
4 0.02 (± 0.00) 0.05 (± 0.02) 0.04 (± 0.03) 

 

 

Table 17. Mean overall horn growth between dehorning procedures in female, 

male, and both (combined) D. b. minor groups, across varying number of 

dehornings. 

  Overall Horn Growth (cm) (SD) 
 Number of Dehorning 
Procedures 

Female Male Both 

1 26.13 (± 7.38) 29.71 (± 10.11) 27.80 (± 8.63) 
2 19.10 (± 12.44) 20.90 (± 10.61) 20.00 (± 10.84) 
3 12.17 (± 2.47) 13.63 (± 4.43) 13.00 (± 3.39) 
4 10.00 (± 0.00) 31.00 (± 21.92) 24.00 (± 19.68) 

 

 

Table 18. Mean pre-dehorning lengths in female, male, and both (combined) D. 

b. minor groups, across varying number of dehornings. 

  Front Horn Length – Pre-Dehorning (cm) (SD) 
 Number of Dehorning 
Procedures 

Female Male Both 

1 26.13 (± 7.38) 29.71 (± 10.11) 27.80 (± 8.63) 
2 27.80 (± 12.94) 29.05 (± 11.36) 28.65 (± 11.51) 
3 21.33 (± 2.08) 22.13 (± 4.46) 21.79 (± 3.40) 
4 20.00 (± 0.00) 37.75 (± 24.40) 31.83 (± 20.06) 
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Figure 9. The plot depicts the interaction between the number of dehornings 

(NO_DH) and the age at the time of dehorning on the expected daily horn growth 

rate (cm/day) in D. b. minor. Each panel represents a different number of 

dehornings (NO_DH = 1, 2, 3, and 4), showing the relationship between age at 

dehorning and horn growth within that specific dehorning frequency. 

 

3. 2. 4 D. b. minor Days Since Dehorning  

In the shortest time frame post-dehorning (0-296 days), EDHG exhibited a slight 

positive trend with increasing age at dehorning. At intermediate time intervals (296-1656 

and 1656-2768 days), EDHG displayed a relatively stable pattern across the range of 

ages at dehorning, with a slight decrease observed at the higher end of the age range in 

the 1656-2768 day category. Similarly, for 2768-4004 days, a U-shaped pattern was 

observed, but with a higher EDHG at both younger and older ages. The 4004-5240 day 

category showed a more complex pattern, with a sharp decline at the highest age range. 

However, no statistically significant effect of age at dehorning on EDHG rate was found 

(p = 0.8482). (Figure 10) 
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Figure 10. EDHG (cm/day) in relation to age at dehorning (days), stratified by 

days since dehorning. The plot displays the predicted horn growth across a range 

of ages at which dehorning occurred, separated into five categories based on the 

time elapsed since the dehorning procedure (0-296 days, 296-1656 days, 1656-

2768 days, 2768-4004 days, and 4004-5240 days). Shaded areas represent 

confidence intervals for the predicted values. 

 

3. 2. 5 D. b. minor Reproductive Status 

The data suggests a trend where rhinos with a calf at foot (CF) have a lower EDHG rate 

compared to non-pregnant rhinos (N), with a difference of 0.008 cm. However, this 

difference is not statistically significant (p = 0.071). Pregnant rhinos (P) exhibit a lower 

EDHG rate compared to non-pregnant rhinos (N), with a difference of -0.009 cm. This 

difference is also not statistically significant (p = 0.174). (Figure 11) 
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4. 1 Discussion 

Key findings highlight a consistent baseline regrowth rate across species and sexes, 

yet demonstrate nuanced variations based on age, dehorning frequency, time since 

dehorning, and reproductive status. Specifically, C. s. simum exhibited a clear trade-off 

between reproduction and horn growth, with lactating and pregnant individuals showing 

significantly reduced regrowth, likely due to resource allocation constraints (Rogowitz., 

1996; Hamel and Côté., 2008). Conversely, D. b. minor showed a similar trend, albeit 

non-significant, suggesting species-specific physiological responses. Age significantly 

impacted horn regrowth in both species, with younger individuals displaying higher 

regrowth rates, and older males of D. b. minor showing significantly older age at 

dehorning, possibly due to poaching targeting larger horns or differing maturation rates 

(Bronikowski et al., 2022). Furthermore, repeated dehorning progressively impaired 

regrowth in C. s. simum, while D. b. minor showed a potential compensatory 

mechanism after multiple dehornings.  

Figure 11. The plot illustrates the EDHG rate (cm) in rhinos across four 

reproductive categories: rhinos with a calf at foot (CF), rhinos with both a calf at 

foot and pregnancy (CF + P), non-pregnant rhinos (N), and pregnant rhinos (P). 

The error bars representing the confidence intervals around the predicted mean 

horn growth for each category.  
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4. 2 Sex 

The observed near-equal sex distribution within dehorned populations of both C. s. 

simum and D. b. minor underscores the vulnerability of both sexes to poaching and 

subsequent dehorning interventions. This highlights the necessity for conservation 

strategies that adopt a holistic approach (Hausdorf., 2021), encompassing the entire 

rhino population rather than focusing on a single sex. The consistent EDHG rate of 0.02 

cm (± 0.01) across both species and sexes suggests a similar physiological capacity for 

horn regeneration (KILTIE., 1985). This baseline regrowth rate is likely influenced by 

inherent physiological constraints related to keratin production and horn matrix activity 

(Tombolato., 2010). Such consistency is valuable for developing standardised 

dehorning protocols and predicting horn regrowth timelines, which are crucial for 

effective conservation management (Derkley et al., 2019). 

The slightly higher dehorning frequency in males of both species, despite relatively 

small differences, warrants consideration. This trend aligns with the established sexual 

dimorphism in rhinos, wherein males exhibit larger average horn sizes (Berkeley., 2011).  

This increased horn size may render males more attractive targets for poachers, who 

seek larger horn volumes (Allendorf and Hard., 2009). Additionally, behavioural 

differences, such as increased territoriality and aggression in males, could lead to 

higher encounters with humans or other rhinos, potentially resulting in more frequent 

dehorning interventions (Rachlow., 1997; Haidt et al., 2018). The larger pre-dehorning 

horn sizes observed in males across both species further support this notion. However, 

the slightly larger post-dehorning horn size in female D. b. minor, despite smaller pre-

dehorning horns, necessitates further investigation. This discrepancy could be 

attributed to variations in dehorning techniques, such as differences in the amount of 

horn removed, or inherent differences in horn morphology between males and females 

of ungulate species (Caro et al., 2003). 

The finding that both sexes in both species, on average, fall within the same age 

category (F) at the time of dehorning suggests a consistent management approach or 

similar variability across age groups. However, a significantly older average age of male 

D. b. minor at dehorning compared to females was observed. This age discrepancy 

could reflect differences in maturation rates, with males reaching a target horn size or 



30059065 International Wildlife Biology 

age later than females (Traill et al., 2014). Social dynamics, such as male territoriality 

and competition (Cinková and Shrader., 2020), might also influence the timing of 

dehorning interventions. Specifically, increased male territoriality and competition 

could lead to more frequent encounters with management personnel or other rhinos, 

resulting in earlier identification and subsequent dehorning (Rachlow., 1997; Haidt et 

al., 2018). Furthermore, the increased visibility or detectability of males due to their 

behaviour could influence monitoring strategies and dehorning schedules. It's also 

possible that targeted poaching pressure on older males, potentially due to their larger 

horn size, cannot be ruled out (Ferreira et al., 2024). While the Selati data does not 

explicitly isolate poaching events, the significantly older age of dehorned males 

suggests a potential bias in interventions, which could indirectly reflect targeted 

poaching or pre-emptive dehorning of individuals deemed at higher risk. 

4. 3 Age 

The demographic analyses of D. b. minor and C. s. simum reveal distinct patterns in 

age structure and horn growth dynamics. In D. b. minor, while age ratios are generally 

balanced, the observed female bias in group E2 and male bias in group F suggest 

potential variations in survival or recruitment rates across age classes. These variations 

could be influenced by factors such as sex-specific mortality, dispersal patterns, or 

differences in resource allocation during different life stages (Ndlovu, L., 2023; 

Rachlow, et al., 1999). The consistent downward trend in EDHG with increasing age in 

D. b. minor aligns with the expected decline in physiological resources allocated to 

growth in older individuals (Huber., 2018). This trend is consistent with general life 

history theory, which posits that resource allocation shifts from growth to reproduction 

and maintenance as organisms age (Boggs., 2009). 

The significant increase in overall horn growth from age groups C to D, followed by a 

levelling off and subsequent decline after group E2, suggests a 'window' of optimal horn 

growth during mid-age ranges. This pattern may reflect age-related shifts in hormonal 

regulation, nutrient availability, or cellular mechanisms that influence horn regeneration 

(Owen-Smith., 1988; Santiago-Moreno et al., 2005; Jones et al., 2018). Notably, the 

youngest age group (C), exhibiting the smallest overall growth, also experienced the 
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shortest intervals between dehorning procedures. This observation suggests that 

frequent dehorning may disproportionately impact horn regeneration capacity in 

younger individuals. Specifically, younger individuals, still undergoing substantial 

skeletal and tissue development, may prioritise resource allocation towards these 

essential growth processes rather than horn regrowth (Hieronymus et al., 2006; 

Robbins., 2012). This resource prioritisation could result in a reduced capacity for horn 

regeneration following repeated dehorning interventions, as the metabolic demands of 

overall growth compete with the demands of horn tissue production (Penny et al., 

2020). Consequently, the observed lower horn growth in younger individuals subjected 

to frequent dehorning could be a direct result of this developmental resource allocation 

trade-off (Pfannerstill et al., 2023). 

In C. s. simum, the observed male bias in population age ratios, with exceptions in 

age classes B and E2, could be attributed to a variety of factors, including sex-specific 

mortality, dispersal patterns, or sampling biases (Lemaître et al., 2020). Similar to D. b. 

minor, C. s. simum also exhibited a downward trend in EDHG with increasing age, with 

females demonstrating a more pronounced decline. This suggests potential sex-

specific differences in resource allocation and horn regeneration capacity (Penny., 

2019). The peak in overall growth at age class E1 for both sexes, with males peaking 

slightly later at E2, suggests a potential age-related shift in resource allocation towards 

horn growth (Austad., 1997). This shift could be influenced by hormonal changes, such 

as increased testosterone levels in males, or changes in metabolic processes (Low., 

2013). The alignment of pre-dehorning growth trends with overall growth patterns in 

both species indicates that pre-existing growth trajectories are likely influential in post-

dehorning horn regeneration. 

The differences in peak growth ages between the two species may reflect variations in 

their life history strategies, growth rates, or responses to dehorning. C. s. simum, being 

a grazer (Waldram et al., 2008), may exhibit different growth patterns compared to D. b. 

minor, a browser (Borges et al., 2024), due to differences in dietary intake and nutrient 

availability. The observation that younger D. b. minor individuals, experiencing more 

frequent dehorning, exhibit lower overall growth compared to older individuals, 

suggests that dehorning frequency may have a more significant impact on horn 
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regeneration in younger age classes. This is likely because, like C. s. simum, younger 

individuals are still undergoing significant skeletal and tissue development, diverting 

resources towards these essential growth processes rather than horn regrowth 

(Hieronymus et al., 2006; Robbins., 2012). Consequently, the physiological capacity for 

horn regeneration in these younger rhinos may be more susceptible to the stress 

induced by repeated dehorning procedures (Ricklefs and Wikelski., 2002; Patton., 

2021). This highlights the importance of considering age-specific responses to 

dehorning when developing conservation management strategies. 

4. 4 Number of Dehorning Procedures 

The consistent average EDHG of 0.02 cm/day observed across both species and 

sexes suggests a baseline regrowth rate, however, significant variations emerge when 

considering dehorning frequency, age at dehorning, and inter-dehorning intervals. 

In C. s. simum, a clear trend of decreasing EDHG with increasing dehorning frequency 

was observed. Older individuals, typically falling within the F age class, were more likely 

to have undergone multiple dehornings. This suggests that repeated horn removal may 

progressively impair the rhino's ability to regenerate horn tissue. Potential mechanisms 

include resource depletion, cumulative tissue damage, or alterations in horn matrix 

activity due to repeated ‘trauma’ (Eming et al., 2014). The significant negative 

relationship between age at dehorning and EDHG across most dehorning frequencies, 

particularly pronounced in first-time dehornings, indicates that younger C. s. simum 

exhibit a higher capacity for horn regrowth. This aligns with the general observation that 

younger individuals have higher metabolic rates and growth potential (Hillman‐Smith et 

al., 1986). The single C. s. simum male dehorned five times, despite showing a non-

significant relationship between age and EDHG, potentially represents an outlier or 

highlights the limitations of extrapolating from a single individual. 

Conversely, D. b. minor displayed a more nuanced response to repeated dehorning. 

While a similar trend of decreasing EDHG was seen until the third dehorning, a 

subsequent increase was observed after the fourth. This suggests a potential 

compensatory mechanism or physiological adaptation in D. b. minor that allows for 

enhanced regrowth following multiple dehornings (Yang et al., 2017). This could involve 
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upregulation of genes involved in keratin production or increased blood flow to the horn 

matrix (Kalabusheva et al., 2023). The statistically significant negative relationship 

between age at dehorning and EDHG in first-time and fourth-time dehorned D. b. minor 

mirrors the pattern observed in C. s. simum, indicating a general age-related decline in 

regrowth capacity. However, the lack of significance at two and three dehornings 

suggests a more complex interaction of factors in this species. The observed sex-

specific variations in D. b. minor, with males showing higher EDHG after multiple 

dehornings and females maintaining a consistent rate, further underscores the 

importance of considering individual and sex-specific responses. 

The negative correlation between inter-dehorning intervals and dehorning frequency 

observed in both species implies that rhinos dehorned more frequently tend to have 

shorter intervals between procedures. This could be due to increased monitoring, 

targeted interventions, more frequent detections, or higher perceived risk of poaching in 

these individuals.  

 

4. 5 Days Between Dehorning 

The analysis of EDHG in C. s. simum revealed a complex and time-dependent 

relationship with age at dehorning. While the initial analysis, examining broad time 

intervals post-dehorning, suggested a lack of statistically significant effect of age on 

EDHG (p = 0.8482), a more refined analysis, considering specific time windows, 

revealed a significant interaction between age at dehorning and days since dehorning (p 

= 0.000135). 

The initial observation of a slight positive trend in EDHG with increasing age in the 

immediate post-dehorning period (0-296 days) might reflect an initial compensatory 

growth spurt, potentially more pronounced in older individuals (Werner and Grose., 

2003). This could be due to the release of growth factors or increased blood flow to the 

horn matrix following dehorning (Tonnesen et al., 2000). However, the subsequent 

stability and slight decline in EDHG at intermediate time intervals suggest a shift in 

growth dynamics. The U-shaped pattern observed at 2768-4004 days, with higher EDHG 

at both younger and older ages, could indicate a complex interplay of age-related 
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physiological factors influencing horn regeneration (Grunschloss., 2016). The sharp 

decline in EDHG at the highest age range in the 4004-5240 day category might indicate a 

decline in horn regeneration capacity in very old individuals, possibly due to 

senescence or age-related physiological changes (Kirkwood., 2005). 

The significant interaction between age and days since dehorning highlights the 

dynamic nature of horn regrowth post-dehorning. The shift from a negative relationship 

between age and EDHG in the early post-dehorning phase to a positive relationship in 

later phases suggests that the influence of age on horn growth is not static.  

The discrepancy between the initial non-significant result and the later significant 

interaction underscores the importance of considering temporal dynamics in ecological 

studies. Analysing data across broad time frames can obscure subtle but significant 

patterns that emerge when data are examined at finer temporal resolutions. 

 

4. 6 Reproductive Status 

The results highlight a contrasting pattern in EDHG rates between C. s. simum and D. 

b. minor, particularly in relation to reproductive status. In C. s. simum, a clear and 

statistically significant influence of reproductive state on EDHG was observed. Rhinos 

with a calf at foot exhibited a substantial decrease in horn growth compared to non-

pregnant individuals, while pregnant rhinos also showed a significant reduction 

(Rughetti and Festa‐Bianchet., 2011). These findings suggest a strong physiological 

trade-off in C. s. simum, where resources are potentially diverted away from horn 

growth towards the demands of lactation and pregnancy (Steams., 1989; Bronson., 

1989). This observation aligns with the established understanding of resource 

allocation in large mammals, where reproductive investment often comes at the 

expense of other physiological processes (Gittleman and Thompson., 1988). Lactation 

and pregnancy impose significant energetic demands on female rhinos, requiring 

resources for milk production and fetal development (Osthoff et al., 2021). This 

resource allocation trade-off is likely mediated by hormonal changes, such as 

increased progesterone and prolactin levels, which can suppress keratin production 

and horn matrix activity (Moyes et al., 2011; Grymowicz et al., 2020). To further anchor 



30059065 International Wildlife Biology 

this concept, it can be contextualised within the broader framework of life history 

theory, where the optimisation of resource allocation for survival and reproduction is a 

central tenet (Wootton., 1993). 

Conversely, the analysis of D. b. minor data revealed a trend in the same direction—

lower EDHG in both lactating and pregnant rhinos—but these differences did not 

achieve statistical significance. This suggests that while reproductive status may 

influence horn growth in D. b. minor, the effect is either weaker or more variable 

compared to C. s. simum, requiring a larger sample size to detect a statistically 

significant difference. The lack of significance could also indicate that other factors, not 

accounted for in this study, play a more dominant role in determining horn growth rates 

in D. b. minor, such as environmental influences. 

The observed differences between the two species may be attributed to variations in 

their life history strategies, physiological adaptations, or ecological niches (Mamba., 

2018). C. s. simum, being grazers with a more specialised diet (Shrader et al., 2006; 

Milne., 1991), might experience more pronounced resource constraints during lactation 

and pregnancy, leading to a greater impact on horn growth (Oftedal., 2018). D. b. minor, 

as browsers with a more diverse diet, might be less susceptible to these constraints 

(Okita‐Ouma et al., 2021). Furthermore, potential differences in hormonal regulation or 

metabolic processes between the two species could also contribute to the observed 

disparities (Penny et al., 2020). 

5. 1 Conclusion  

This study revealed complex interactions between rhino horn growth and factors like 

sex, age, dehorning frequency, and reproductive status across C. s. simum and D. b. 

minor. While both species showed similar baseline regrowth rates and age-related 

declines, species-specific differences, particularly in response to repeated dehorning 

and reproductive state, highlight diverse physiological adaptations. 

Sexual dimorphism in horn size and dehorning frequency indicates that targeted 

conservation strategies are needed. Age-specific regrowth patterns, especially in young 

rhinos, demand tailored dehorning protocols. The dynamic relationship between 
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dehorning intervals and horn growth underscores the need for longitudinal studies. 

(Ververs et al., 2018) 

Future studies should explore the underlying mechanisms driving observed patterns, 

focusing on hormonal profiles, genetic analyses, and cellular processes (Tubbs et al., 

2014; Ruggeri et al., 2023; Ruggeri et al., 2024). Longitudinal tracking of individual 

rhinos across dehorning events and reproductive cycles is crucial (Chimes et al., 2022; 

Garnier et al., 2002). Investigating ecological and behavioural consequences of 

dehorning, including social dynamics and reproductive success, is essential for 

evidence-based conservation. Comparative studies across populations and habitats 

will refine our understanding of horn growth dynamics and optimise conservation 

management. 
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Appendix B - The Dehorning Process: A Comprehensive Overview  

Written based on the observations of wildlife veterinarians Dr. Joel Alves and Dr. Ben 

Muller, along with Madeline Siegel and Steven Seager (personal communication). 

Prior to commencing the dehorning process, it is essential to acquire all necessary 

permits in advance and to ensure the presence of representatives from relevant 

government agencies at each dehorning session to oversee the procedure and verify the 

licenses. 

The dehorning process is initiated by using a plane to locate the rhinoceros, which is 

subsequently tranquillised and guided to a suitable open area devoid of vegetation, if 

feasible, with the aid of a helicopter. When dealing with C. s. simum, tranquilisation is 

administered in the neck, shoulder, or thigh muscles using 4 mg of Etorphine and 40 mg 

of Azaperone. Subadults are tranquilised with 1.5–3 mg of Etorphine and 10–20 mg of 

Azaperone, while calves, typically over 1 year old, are tranquilised with 0.5–2 mg of 

Etorphine and 5–20 mg of Azaperone. For D. b. minor, tranquilisation is similar, with the 

addition of 2–0.5 mg of Thiafentanil. Both rhinoceroses receive 5000IU of Hyaluronidase 

(which is used to reduce stress to the animal and increase absorption rates, as well as 

any necessary treatments or supplements. C. s. simum additionally get given a partial 

reversal of Butorphanol before the dehorning commences. The tranquilisation cocktail 

is tailored based on the rhino's body size, age, and overall condition. The tranquilisation 

phase typically lasts 2-5 minutes for C. s. simum and approximately 5-7 minutes for D. 

b. minor. 

Following immobilisation, the ground team steps in. Veterinarians play a crucial role 

in stabilising the rhino by monitoring its heart rate, providing oxygen, covering its eyes, 

and inserting earplugs into the rhinoceros's ears to reduce external stimuli. If the rhino 

is over 5 years old, an AI monitoring collar is attached to its ankle, which is used to 

monitor the rhino expected daily for the next 2 years. During a rhino’s initial dehorning, 

an ear notch is made, a microchip is implanted, and a DNA sample is collected from the 

rhino's right ear. These measures are key for identifying the rhinos. 

Before dehorning, measurements of the posterior and anterior horns are taken, 

including height and circumference. These measurements are also taken after the horn 



30059065 International Wildlife Biology 

is removed for record-keeping purposes. Once the measurements are completed, the 

veterinarian marks four fingers around the anterior horn and approximately an inch on 

the posterior horn with chalk. An electric chainsaw is then used to remove the horns. 

Depending on the veterinarian, the horn will either be left with a square cut or the edges 

will be rounded off to prevent any damage or irregular growth. Afterward, a hoof 

solution, typically used on horses, is applied over the top of the cut horns to fill in any 

cracks and assist in regrowth. 

Following the procedure, veterinarians will administer Naltrexone for a full reversal of 

the initial drugs to gently awaken the rhinoceros. The entire dehorning process should 

only take between 20 to 40 minutes to minimise stress on the rhinoceros. The rhinos will 

be monitored through game drives and, if equipped, their collars for the next couple of 

days.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 


