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Abstract
1. In their response to Wilson, Pashkevich, Rookmaaker, et al. (2022), Ferreira et al. 

argue that our conclusions regarding shrinking rhino horns were risky, given the 
low sample size used for this assessment, the variation in rhino horn length re-
lated to non- heritable factors (including age, sex, environment and behaviour) 
and the low impact that current selective trophy hunting has on rhino numbers.

2. We agree that our sample size was low and that many factors can influence horn 
length and therefore we discussed these points as important caveats in Wilson, 
Pashkevich, Rookmaaker, et al. (2022).

3. However, we argue that although many factors can lead to variation in horn 
length, they do not explain the decline in relative horn length over time that we 
observed, and we note that the response does not offer an alternative explana-
tion for this temporal shift.

4. Although selective hunting is currently a minor factor in rhino mortality, this may 
have been relatively more important and to have had a potentially greater selec-
tive influence in the past.

5. Our dataset does not allow identification of factors driving this change, and in 
Wilson, Pashkevich, Rookmaaker, et al. (2022), we offered selective hunting as 
one possible explanation for the relative decline, calling for more work to investi-
gate this further.

6. We highlight that the focus of Wilson, Pashkevich, Rookmaaker, et al. (2022) was 
far more than an assessment of changing relative horn length and instead aimed 
to demonstrate that a wide range of data can be extracted effectively from image 
repositories for use in a conservation context.

7. We hope that the results in Wilson, Pashkevich, Rookmaaker, et al. (2022) will 
provide a useful starting point for future research, including addressing the ques-
tions raised by Ferreira et al.
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Here we reply to comments from Ferreira et al., regarding interpre-
tations of some results made in Wilson, Pashkevich, Rookmaaker, 
et al. (2022). We wholeheartedly agree with their response that fo-
cussing on the causal reasons for poaching and horn trafficking of 
rhinos is key to reducing rhino crimes and supporting modern rhino 
conservation and acknowledge the great importance of active con-
servation and research that does this, including the work carried out 
by organisations authoring Ferreira et al.

However, our paper was not focussed on these threats to rhi-
nos. We assessed the use of image repositories for investigating 
historical changes in species and the interactions between humans 
and wildlife. The value of such a focus is to increase understanding 
of long- term changes in species and to contextualise modern con-
servation action. In particular, as a case study, we used the Rhino 
Resource Center (RRC), a comprehensive database containing 
6415 rhino images and 27,706 pieces of literature (as of 16 August 
2023) to assess shifts in human interactions with rhinos over time. 
We also assessed the extent to which morphological data can be 
extracted from photographs. As we had an a priori hypothesis 
that rhino hunting could be selective in the individuals killed, we 
focussed our morphological analysis on changes in relative horn 
length over time, predicting that relative horn length would get 
smaller, matching expectations from other mammals (e.g. Chiyo 
et al., 2015; Festa- Bianchet et al., 2014).

We found that image repositories represented a rich source of 
information for studying these different factors. In addition to our 
findings on changes in rhino representation and human interactions 
over time, our morphological analyses (which included all five rhino 
species, not four, as stated in the response) indicated that relative 
rhino horn length decreased over time, supporting the potential 
utility of image repositories for these types of investigations. We 
note that we did not report any value for the extent of this decline, 
precluded by the methodology we used, and merely outlined the 
evidence we found for a statistically significant decline in relative 
length. We agree with the response that there is no empirical evi-
dence to support the claim that hunting is responsible for the decline 
in horn length over time, and we did not state this. Instead we offered 
hunting as a possible explanation for the effect we detected, based 
on comparable results in other mammals (e.g. Chiyo et al., 2015; 
Festa- Bianchet et al., 2014) and followed up this comment immedi-
ately with a call for further research to explore this specifically.

The authors argue that ‘the small sample size, with its focus on 
captive animals … constrains the ability to evaluate the multitude of 

drivers’ that affect rhino horn length. We accept this, which is why 
we used residuals of the regression of horn length to body length as 
the response variable and a relatively simple analytical approach to 
ensure we did not overfit our models. However, we highlight that 
our conclusions are consistent across statistical approaches. In the 
original article, we reported that the relationship between these re-
siduals and time was statistically significant (t = −2.423, p = 0.0189, 
R2

m = 0.028, R2
c = 0.680), and a re- analysis of our data conducted 

by an evolutionary ecologist with no connection to our study found 
that date remained a significant predictor of horn length, after con-
trolling for rhino body size as a fixed effect (Knell, 2022). We also 
highlighted the small size of our dataset for the morphological aspect 
of our study (in the abstract and throughout the manuscript) and 
were cautious in our interpretation, for example, writing that ‘It is 
important to note that the captivity status of individuals in the mea-
sured photographs could have influenced our morphological find-
ings’ and that ‘low sample size of wild rhinos (12 pictures) and rhinos 
in sanctuaries (3 pictures), and uneven distribution across species 
(e.g. all 5 photos of Javan rhinos in profile were taken in the wild) 
precluded statistical testing of the effect of captivity on horn length 
in this study’. We acknowledge that statistical significance does not 
necessarily indicate biological significance, particularly when the 
response variable in our analysis was residual horn length rather 
than measured horn length itself. We are currently expanding our 
study to collect data from a wider range of images without the strict 
criteria imposed in the original study. Preliminary analyses on this 
much- expanded dataset have yielded generally comparable results 
to those of Wilson, Pashkevich, Rookmaaker, et al. (2022), and we 
will share these results (and whether they corroborate the findings 
of Wilson, Pashkevich, Rookmaaker, et al. (2022)) when we have 
completed writing the paper.

We agree with the response that there are indeed many environ-
mental factors that could result in variation in relative horn length, 
not all of which are under selective pressure, and emphasised some 
of these in the original paper, such as diet and captivity status. We 
were therefore cautious in presenting our results, writing that we 
‘found a small but significant decline in relative horn length over 
time across all species’. and flagging that ‘substantially more vari-
ation in horn length was attributed to species identity than time’. 
We welcome the detailed list of factors that could affect the length 
of rhino horns in the response paper, including behaviour, region, 
sex and captivity status. However, as far as we can ascertain, the 
response does not offer an alternative explanation for the observed 

8. Ultimately, we feel that the attention given to Wilson, Pashkevich, Rookmaaker, 
et al. (2022) reveals the enduring interest people have in rhinos, a topic addressed 
in other parts of our original paper, which we encourage readers to read in its 
entirety.

K E Y W O R D S
Online image repositories, Rhino horn, Rhinoceros
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decline in horn length over time related to these factors, but rather 
why we might expect wide variation in horn length (i.e. greater noise 
in the dataset). Indeed, this variation suggests that such a decline, if 
present, should be hard to discern, indicating that the pattern we de-
tected may be strong. For instance, while the number of wild rhinos 
included was low, the proportion of images featuring wild rhinos was 
not biased towards earlier dates (Wilson, Pashkevich, Rookmaaker, 
et al., 2022, Supplementary Material 4), potentially suggesting that 
the pattern was not due to a higher incidence of horn rubbing in 
captive rhinos. We agree that many factors are likely to be import-
ant in explaining variation in horn length within a species, including 
factors that are likely to be largely environmentally determined (and 
therefore not heritable) and others which are likely to be largely ge-
netically determined (and therefore heritable). In line with this, the 
size of horns, tusks and antlers across other trophy- hunted species 
reflects contributions from both genetic and environmental compo-
nents (Festa- Bianchet, 2017), and we expect the same to be true 
for rhinos. To our knowledge, the heritability of horn length has not 
been categorised for different rhino populations but would lead to 
a more comprehensive understanding of the drivers of any changes 
in horn length.

In historical rhino populations, measurement of the effects of 
some of these factors (e.g. horn rubbing) is not possible, and the 
low sample size of the morphological dataset in our original study 
means that individual rhinos may have biased the results. However, 
an alternative approach to reducing the bias present in the Wilson, 
Pashkevich, Rookmaaker, et al. (2022) dataset is to expand our sam-
ple size to include a greater number of measured rhino horns across 
time, by relaxing our original selection criteria for inclusion of im-
ages. We are currently doing this and look forward to sharing our 
findings in a publication that is currently in draft.

The response writes ‘In practice, selecting rhinos with long horns 
sufficiently frequently does not occur in rhino populations. The de-
cline in rhino numbers worldwide in the twentieth century is pri-
marily due to poaching, not legal trophy hunting’. We do not dispute 
that this is currently the case but note that our study is assessing 
changes over a long time- period (c. 1885–2000 for all species in-
cluded in morphological components of the study) and therefore 
may be the result of historical pressures, in line with our study taking 
a historical perspective. The response writes that our study ‘implies 
that legal trophy hunting was responsible for the shrinkage of horn 
lengths’. We believe this is a misunderstanding, as we did not mean 
to refer to modern legal trophy hunting but rather historical hunt-
ing pressures (before a ban on hunting was applied, and all hunting 
was therefore legal). Indeed, accounts from the early 20th century 
suggest that colonial explorers valued the longest rhino horns (e.g. 
Ward, 1903), which we predict would result in selective hunting 
pressure. Therefore, legal hunting could have been more import-
ant and have had larger effects in the past and over the long time-
frame of our study, especially as rhino populations were much larger 
(Rookmaaker, 2008) and the effects of selection versus genetic drift 
on heritable aspects of horn length may therefore have been greater 
historically.

We agree that ‘the most impactful threat to Africa's rhinos 
continues to be their illegal killing to supply those who traffic their 
horns’, and that ‘addressing criminality and transnational orga-
nized crime, and the underlying drivers of these activities, is the 
priority requirement and should be the focus of responsible pub-
lic debate, policy making, and interventions’. We can understand 
the authors of the response highlighting this. However, it seems 
unlikely that discussing historical changes in horn length and per-
ceptions of rhinos in our paper, or indeed the media flagging this, 
would encourage higher poaching pressure. For example, we were 
not able to find a study that suggested a link between the well- 
publicised decline in elephant tusk size reported in African ele-
phants (Chiyo et al., 2015) and increased risk of poaching pressure, 
but instead found that literature citing this reference focussed on 
the importance of such insights for future conservation (e.g. Festa- 
Bianchet, 2017; Hughes et al., 2023; Knell & Martínez- Ruiz, 2017; 
Lassis et al., 2023; Moller et al., 2019; Palkovacs et al., 2018). We 
also note that increased media attention on rhinos could be im-
portant in raising general awareness of charities involved in rhino 
conservation, therefore potentially increasing donations or other 
support. For example, increased media attention has been linked 
to heightened support for conservation causes (Clements, 2013), 
and it is important to interact with the public to discuss conser-
vation issues (Novacek, 2008). Since the original publication of 
our paper, it has been reported on by over 100 news outlets. We 
took part in nine radio or phone interviews and in at least six, we 
encouraged the public to support rhino charities, including organ-
isations co- authoring the response. In total, the media coverage of 
the paper had a combined reach of over 124 million people (esti-
mated from Meltwater media monitoring data), which we hope has 
increased support for rhino conservation. Finally, we note that it is 
important for scientific studies to report results consistently from 
predetermined questions, rather than being selective.

We would like to finish by highlighting to readers the wider find-
ings and conservation implications of our paper, rather than focus-
sing on this one aspect of our results (i.e. changes in horn length 
over time) and one possible explanation that we offered for it. Key 
findings from parts of our paper regarding the perceptions of rhinos 
highlight the particular and enduring fascination that people have for 
rhinos (sometimes described as ‘rhino mania’; Clarke, 1986), which 
is likely to be key for garnering public attention for their conserva-
tion. Collections of images, such as those in the RRC, represent a 
highly valuable resource for researchers, providing a solid basis to 
rhino research across a variety of fields (Wilson, Pashkevich, Turner, 
et al., 2022). The high attention our paper has received also indicates 
this, emphasising the important role that public awareness has for 
rhino conservation as it does for other large and charismatic species. 
We ask readers to read the original paper in its entirety to explore 
its wider findings.
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