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Fluorescence and UV-visible
reflectance in the fur of several
Rodentia genera

Gisela Sobral™ & Filipe Souza-Gudinho

Mammals are generally brown in colour, but recent publications are showing that they may not be

as uniform as once assumed. Monotremes, marsupials, and a handful of eutherians reflect various
colours when lit with UV light, mostly purple. Because of these still scarce records, we aimed to
explore UV reflectance among rodent genera, the most diverse mammalian group, and the group of
eutherians with the most common records of biofluorescence. Here we report structures like nails and
quills reflected green, but for most genera, it was faded. However, Hystrix, Erethizon, and Ctenomys
showed intense and contrasting green glow, while Chaetomys presented a vivid orange anogenital.
The main available explanation of fluorescence in mammals relies on porphyrin. This explanation
applies to the cases like Chaetomys, where specimens showed anogenital orange biofluorescence,
but does not apply to the green biofluorescence we observed. In our sample, because the structures
that reflected green were all keratinized, we have reasons to believe that biofluorescence results
from keratinization and is a structurally-based colouration. However, not all spines/quills equally
biofluoresced, so we cannot rule out other explanations. Since Rodentia is the most common
mammalian group with reports on biofluorescence, this trait likely serves various functions that match
the species diversity of this group.

The excitation by higher energy wavelengths of light (shorter wavelength)—usually blue or UV—followed by
their emission at lower energy (and longer wavelength) is called fluorescence!, generally resulting from green to
red colours. This enigmatic mechanism is long known among vertebrates, particularly bird feathers that reflect
UV light*™*. Subsequent works have shown that biofluorescence is widespread among animals, mainly fish®> and
amphibians®. As for mammals, only marsupials were known to biofluoresce until recently’.

The extensive work of Pine and collaborators’ described that many didelphid marsupials fluoresce in all col-
ours, and Reinhold® surveyed several Australian marsupials and found that they too fluoresced. Over the past
two years, several papers complemented these findings, and other mammalian groups, such as monotremes and
eutherians, were included in the list of animals that biofluoresced®'2 Colours were most commonly pink, purple,
and blue. Yellow-green fluorescence was rare and observed in only three species under a microscope, present
either as a ventral stripe or lateral spots (7, “Metachirops mcllhenny”; “Monodelphis adusta”; “Metachirops
opossum”). The monotreme platypus Ornithorhynchus anatinus was the first record of pure green reflectance in
mammals, with dorsal and ventral pelage appearing green under UV light®°.

However, one eutherian group stands out for the frequency in biofluorescence records, the order Roden-
tia. Kohler et al.!° found that almost all examined individuals of flying squirrels Glaucomys spp. had pink UV
reflectance, mostly pronounced ventrally, further assessed by Hughes et al.'>. Anecdotal observations of the
rodents Melomys, Niviventer, and Rattus showed that some guard hairs reflected bright blue®*!*. However, bio-
fluorescence is still not well-documented, and we know very little about how common this trait actually is. The
desert-dwelling rodent springhare Pedetes spp. exhibit red patches along their bodies when lit with UV light'2.
While this manuscript was being written, three other papers reported several rodent species glowing at longer
wavelengths spectrum when lit with a UV light. Reinhold?® reported that one rodent species (Rattus rattus) glowed
green when observed with a naked eye, but the camera interpreted it as blue. Another study described gophers
reflecting orange-pink and blue'*. Moreover, Tumlison and Tumlison'® assessed several rodent species, and
although many showed a fainted reflectance, species like Canadian beaver Castor canadensis presented mildly
greenish guard hairs; Norway rats Rattus norvegicus showed green fluorescence and so did the thick underfur
of muskrat Ondatra zibethicus.
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Because rodents are the most common mammalian group known to fluoresce, we decided to widely explore
fluorescence in several rodent genera, mostly from the Americas. According to the available literature, we
expected to observe fluorescence in rodents inhabiting open areas, resembling Pedetes'?, and tree-dwelling spe-
cies, similar to Glaucomys', and water-dwelling ones'. Conversely, we did not expect to observe ground-dwelling
forests genera to fluoresce’.

Methods

Survey. We examined biofluorescence in several museum specimens from the order Rodentia, randomly
selected, using a handheld LED UV flashlight 395 nm 100 LED. All observations were made at the mammal col-
lection housed at Museu Nacional/UFR] (MN/UFR]) in Rio de Janeiro, Brazil. Animals were previously col-
lected in several years (the earliest 1905 and the latest in 2008) and from several countries (Table 1). All speci-
mens were dried and stuffed. For larger specimens (e.g., Hystrix and Erethizon), we washed body parts with
neutral soap to clean any residue and remove any possible fungus, an organism that might reflect green'®, and
also brushed the fur so the pelage was uniform. We also provide information on the specimens regarding place
and date of collection, sex, the body part in which we detected fluorescence/reflectance, and the biome in which
the species occur followed!’.

Because residual light is common when using UV light bulbs and flashlights, authors usually use a longpass
yellow filter (e.g.,'*'?). When we photographed specimens with this yellow filter, the camera did not capture
the colours properly. Additionally, we did not consider purple as true biofluorescence because it was possibly a
by-product of the visible purple wavelength emitted by our flashlight, or perhaps UV-reflectance. However, it is
relevant to add that UV light reflection may also be an important ecological trait.

Photographs. Upon visualising biofluorescence with a naked eye, we elected for photographs only those
that reflected longer wavelengths than purple. We photographed specimens using a Nikon D7000 camera under
white light and again in a dark room, where specimens were lit with UV. While taking a photograph, we moved
the UV flashlight constantly to illuminate the whole specimen properly. Photo settings were apertures of /8
(Ctenomys) to £/3.8 (Hystrix), ISOs 100, and shutter speeds between 5 s (Hystrix and Erethizon) and 30 s (Cteno-
mys).

Photograph treatment. In order to take photographs, previous studies employed longpass filters to
absorb unwanted wavelengths>*!1°-12, For mammals, standard excitation protocols use UV light (395 nm) and a
470 nm yellow filter attached to the camera lens, allowing green, yellow, orange, and red wavelengths to pass'®-'.

We took photos with and without the yellow filter (LP470 Midwest Optical System Inc.), but both required
processing to deal with the excess of yellow (with filter) or excess of blue (without filter). Hence, we opted not
to employ the filter, but to adjust the white balance using the black-and-white scale as a reference. Additional
treatment consisted of post-processing photos to remove background and debris.

Results

We observed green (as well as other colours) UV reflectance in many of the surveyed genera (Table 1). These
observations were in well-defined regions, such as the tail, perianal region, hind/forefeet fringes, and perioral hair.
None of the specimens presented a patchy pattern, and colour did not depend on the angle. Nails were a common
structure that glow green. While some were faded, other genera, such as Ctenomys, Hystrix, and Erethizon, glow
vivid green (Figs. 1, 2, 3). All Ctenomys individuals were uniform in colour under white light (some pale yellow,
others dark brown), but not all yellowish fur glowed green when lit with the UV flashlight. We observed green
reflectance in paw hairs, vibrissae, and tail. Hystrix (African porcupine) showed a contrasting purple and green
pattern. Since we only had one specimen, it is difficult to determine how frequent this trait is. We moved on to
other porcupines expecting quills to reflect similarly. Chaetomys, Coendou and Erethizon, American porcupines,
reflected quite distinctively from Hystrix. The back quills of the American porcupines did not reflect green, only
those short ones surrounding the anogenital region and below the tail.

Interestingly, Chaetomys was quite colourful. In addition to its green tail base, its anogenital region, which
was already rusty in colour under white light, presented a more evidenced orange colour under UV, contrasting
with the overall dark belly. Fur in this region was softer than the rest of its body. In dorsal view, the base of its
quills was bright white and contrasted with the dark quill tips.

All fur and quills that reflected green were yellow under visible light. Considering that the UV flashlight also
emits a purple wavelength, we expect this combination of colours to result in brown (e.g., Ctenomys dorsal view),
not green. Therefore, we considered green and orange reflectance as biofluorescence.

Discussion

To our knowledge, this is only the second report of green reflectance in rodents, but the first photographically
documented. Moreover, we expanded the species which fluoresce under UV light. As we expected, rodents
inhabiting open areas (Hystrix and Ctenomys) fluoresced, while ground-dwelling forest species did not. Inter-
estingly, contrary to our expectations, some species that use their claws to dig, despite inhabiting dense forests
(e.g., Kunsia), showed fluorescent nails.

Since the substantial work of Pine et al.” on mammals that can glow under UV light, reports are still scarce.
Despite this scarcity, biofluorescence is present in all three major groups of mammals’~'. These findings indicate
that reflectance occurs throughout the visible spectrum, although more frequent at lower wavelengths (blue
and violet). New reports on biofluorescence (reflectance at higher wavelengths), are being published every year.
However, most authors did not aim to explain the mechanisms behind the different colours.
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Genus Country Date of collection Sex Body part glowing Colours Habit | Biomes

Akodon Brazil 1942-1943 5F/5M Paw hair Barely perceptible green | Te Forest, Savannah
Blarinomys Brazil 1973 4F/6 M - - SF Forest

Callistomys Brazil 1944 1F/1M/1Unk |- - Ar Forest

Calomys Brazil 1954 5F/5M - - Te Forest, Savannah
Cerradomys Brazil 1954 5F/5M - - Te Forest, Savannah
Chaetomys Brazil 1939-1944 9F/4M/2Unk | Anogenital/tailbase Bright orange/green Ar Forest

Clyomys Brazil 1986-2000 3 M/8 Unk Belly Faded green SF Open areas, savannah
Ctenomys é:\gl;rg;;la’ Bolivia, Chile, }gég’ 1920, 1924, 1938, 8 F/4 M/1 Unk | Paw hair Bright green Fs Open areas, savannah
Dactylomys Brazil 1951, 1979, 2007, 2010 5M - - Ar Forest

Echimys Brazil 1935-1966 1F/1M/2Unk |- - Ar Forest

Erethizon USA 1905 F Anogenital/tail/paws | Green Ar Forest

Holochilus Brazil 1954 5F/5M - - SA Forest, streams
Hystrix 2 4 1F Longer quills Green Te Savannah
Isothrix Brazil ;géi’ 1934, 2000, 2002, 4 F/2 M/1 Unk - - Ar Forest

Kunsia Brazil 1997-2001 2F2M Nails Green SF Savannah
Lundomys Uruguay 1957, 1963 2M Nails Green SA Pampas
Makalata Brazil 1987, 1999, 2002, 2005 4F/ 6 M - - Ar Forest

Myocastor Brazil 1997 1 F/3 Unk Guard hair Faded green SA Forest, streams
Neacomys Brazil 2007-2008 3F/11 M/2Unk |- - Te Forest

Necromys Brazil 1954 5F/5M - - Te Forest, open areas
Nectomys Brazil 1954 5F/5M Perioral Green SA Forest, streams
Oxymycterus | Brazil 1954 5F/5M Nails Green SF Forest
Proechimys Brazil 1937, 1942 4F/6 M Paw hair Barely perceptible green | Te Forest
Rhipidomys Brazil 1954 5F/5M - - Ar Forest

Sigmodon g(r)i,ZlLl])SF;i Salvador, Ecua- 1931-1957 4F/3M Perioral Barely perceptible green | Te Forest

Thaptomys Brazil 1944-1945 3F/6 M - - Te Forest

Trinomys Brazil ;333’ 1992, 2004, 2007, 5 F/4 M/1 Unk Belly Pink blended with yellow | Te Forest

Wiedomys Brazil 1954 5F/5M - - Sc Savannah

Table 1. List of genera illuminated with a handheld LED UV flashlight 395 nm, and relevant information
on the surveyed specimens. Habit and biomes follow'’. Te - terrestrial; SF - semifossorial; Ar - arboreal; Fs -
fossorial; SA - semiaquatic; Sc - scansorial; Unk - unknown.

Rodents produce porphyrin, a red-coloured photosensitive pigment'®!?. Other chemicals have been isolated
from rat fur, such as tryptophan and kynurenine, and they too are fluorescent?>?!. Aside from pigments, keratin is
a fibrous protein found in epidermic structures that glows yellow-green under UV”182223_ Keratinised structures
seem to resist the wear of digging?*. For instance, rodents that live in dry and harsh soil environments, such as
North American voles, present a keratinised epidermis layer25. Similarly, the naked-mole-rat, an African rodent
that has an exclusively fossorial lifestyle, presents several keratinised body parts, such as their eyelids**. However,
none of these species was observed under UV light yet. The pangolin, a non-rodent mammal, presents scales
which are keratinised and reflected blue®, but the keratin found in pangolin scales differs from that of other
mammals’ keratinised structures?”. The paper of Millington? shows that the sunlight damages the keratin fibres
and is likely to make them fainter in colour. The author, however, does not mention the colour green, but yellow.
More recently, Hamchand et al.?® proposed that bacteria present in sweat and sebaceous glands from hedgehogs,
another non-rodent mammal, would be responsible for the red fluorescence they observed.

Structural colouration is produced when the light interacts with small structures (see?). It is mistakenly
referred to as a synonym of iridescence but differs from it as colour visualisation is angle-dependent®. Because
our observations did not depend on either the angle of the specimen or the observer’s, we did not consider our
results as iridescence, but could potentially be structural in origin. Structural colouration is common in birds
and other vertebrates (e.g.,“) but rare among mammals. In the few reports available, some male primates and
marsupials present blue structural colour resulting from collagen arrangement®, while the fur scale arrangement
in the back of golden moles, a non-rodent mammal, not only reflects a green sheen® but is also wear-resistant>>3*.
It would be interesting to understand the microstructure of the fur and quills from the rodents presented in
this paper.

Among our study species that showed green biofluorescence, Ctenomys is a scratch-digging/chisel-tooth
rodent that could benefit from having keratinised fringes, vibrissae, and rhinarium that can resist the wear of
their lifestyle. Particularly in the case of Ctenomys, this genus possesses comb-like hairy fringes (bristles) made
of stiffened hair that edge their paws, a characteristic that gave rise to the genus name*’.
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Figure 1. Photographs of Ctenomys torquatus (MN2042) under visible light (top row) and 395 nm ultraviolet
(UV) light (bottom row). Dorsal (A, C) and ventral (B, D) views.

Hystrix (African porcupine), as well as Erethizon, Coendou, and Chaetomys (American porcupines), present
quills along with their bodies. However, their quills differ significantly from each other in terms of mechanical
properties, structure, and function®”**. Some of the Hystrix quills are classified as true quills, which are thicker,
sharper, and used for defence®*’. Additionally, its quills are longer, stiffer, and more resistant than the quills of
American porcupines, which may explain why we did not observe the same pattern in the three genera cited
above. Our findings contradict that of Hamchand et al.?, who did not find measurable fluorescence in Hystrix
javanica or Erethizon dorsatum. We believe that keratinisation is a possible explanation for the green colour we
witnessed, and we suggest that keratinisation is different for each species. However, keratinisation may not be
the sole explanation for green UV reflectance, as Reinhold® witnessed green fur in Rattus and Tumlison and
Tumlison' in the underfur of Myocastor. Additionally, the work of Hamchand et al.?® sheds light on the role of
bacteria that biosynthesise and excrete porphyrin, a likely explanation for the red present in hedgehogs, but also
the orange anogenital region of Chaetomys that we found.

The function of biofluorescence has been under discussion ever since its discovery. Colouration plays a vital
role in communication and camouflage', and UV reflection is particularly important in UV-rich environments,
such as snowyw, and desertic areas!'?. Among golden moles, a fossorial non-rodent mammal, neither visual
sexual ornamentation nor camouflage seem to account for the presence of green sheen in their fur because their
fossorial habit is inconsistent with these hypotheses*. According to the authors, fur structure evolved to resist
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Figure 2. Photographs of Hystrix javanica (MN306) under visible light (top row) and 395 nm ultraviolet (UV)
light (bottom row).

Figure 3. Photographs of Erethizon dorsatum (MN81957) under visible light (top row) and 395 nm ultraviolet
(UV) light (bottom row).

the wear caused by digging, and colour could be just a response to this hair scales arrangement and, perhaps,
ecologically functionless. This could be the case for green reflectance we observed in our study. Because most
reports on UV reflectance address rodents (5'*'2!, our study), UV can be far more important to the life of
rodents, serving functions that are yet to be discovered.

Data availability
The data that support the findings of this study are available on request from the corresponding author.

Received: 4 March 2022; Accepted: 1 July 2022
Published online: 19 July 2022

References
1. O’'Malley-James, J. T. & Kaltenegger, L. Biofluorescent worlds: Global biological fluorescence as a biosignature. Mon. Notices Royal
Astron. Soc. 481(2), 2487-2496. https://doi.org/10.1093/mnras/sty2411 (2018).

Scientific Reports|  (2022)12:12293 | https://doi.org/10.1038/s41598-022-15952-7 nature portfolio


https://doi.org/10.1093/mnras/sty2411

www.nature.com/scientificreports/

2. Diez, M. Erdkroten kénnen UV-Licht sehen. Naturwissenschaften 59, 316 (1972).

3. Huth, H. H. & Der, B. D. spektrale Sehebereich eines Violettohr-Kolibris. Naturwissenschaften 59, 650 (1972).

4. Wright, A. A. Psychometric and psychophysical hue discrimination functions for the pigeon. Vis. Res. 12, 1447-1464 (1972).

5. Sparks, J. S. et al. The covert world of fish biofluorescence: a phylogenetically widespread and phenotypically variable phenomenon.
PL0oS ONE 9(1), €83259. https://doi.org/10.1371/journal.pone.0083259 (2014).

6. Lamb, J. Y. & Davis, M. P. Salamanders and other amphibians are aglow with biofluorescence. Sci. Rep. 10(1), 1-7. https://doi.org/
10.1038/541598-020-59528-9 (2020).

7. Pine, R. H,, Rice, J. E., Bucher, J. E., Tank, D. J. & Greenhall, A. M. Labile pigments and fluorescent pelage in didelphid marsupials.
Mammalia 49(2), 249-256. https://doi.org/10.1515/mamm.1985.49.2.249 (1985).

8. Reinhold, L. Mammals with fluorescent fur: Observations from the Wet Tropics. North Qld. Nat. 51, 1-8 (2021).

9. Jeng, M. L. Biofluorescence in terrestrial animals, with emphasis on fireflies: A review and field observation. In Bioluminescence—
Analytical Applications and Basic Biology (ed. Suzuki, H.) (IntechOpen, 2019). https://doi.org/10.5772/intechopen.86029.

10. Kohler, A. M., Olson, E. R., Martin, J. G. & Anich, P. S. Ultraviolet fluorescence discovered in New World flying squirrels (Glau-
comys). J. Mammal. 100(1), 21-30. https://doi.org/10.1093/jmammal/gyy177 (2019).

11. Anich, P. S. et al. Biofluorescence in the platypus (Ornithorhynchus anatinus). Mammalia 85(2), 179-181. https://doi.org/10.1515/
mammalia-2020-0027 (2021).

12. Olson, E. R. et al. Vivid biofluorescence discovered in the nocturnal Springhare (Pedetidae). Sci. Rep. 11(1), 1-8. https://doi.org/
10.1038/s41598-021-83588-0 (2021).

13. Hughes, B., Bowman, ., Stock, N. L. & Burness, G. Using mass spectrometry to investigate fluorescent compounds in squirrel fur.
PLoS ONE 17(2), €0257156. https://doi.org/10.1371/journal.pone.0257156 (2022).

14. Pynne, J. T. et al. Ultraviolet biofluorescence in pocket gophers. Am. Mid. Nat. 186(1), 150-155. https://doi.org/10.1674/0003-
0031-186.1.150 (2021).

15. Tumlison, C. R. & Tumlison, T. L. Investigation of fluorescence in selected mammals of Arkansas. J. Ark. Acad. Sci. 75(1), 29-35.
https://doi.org/10.54119/jaas.2021.7515 (2021).

16. Aptroot, A., Oliveira, M. M. D. & Caceres, M. E. D. S. Protoparmelia capitata (Ascomycota: Parmeliaceae): New record for South
America. Acta Bot. Bras. 27, 498-501. https://doi.org/10.1590/50102-33062013000300006 (2013).

17. Paglia, A. P. et al. Lista Anotada dos Mamiferos do Brasil 2* Edi¢ao/ Annotated Checklist of Brazilian Mammals. Occas. Pap. Conserv.
Biol. 6, 1-82 (2012).

18. Carrieri, R. Ultrastructural visualization of intracelular porphyrin in the rat Harderian gland. Anat. Rec. 213(4), 496-504. https://
doi.org/10.1002/ar.1092130404 (1985).

19. Toussaint, S. et al. Fur glowing under UV: A widespread consequence of porphyrin accumulation in mammals https://doi.org/10.
1002/ar.1092130404 (2021).

20. Rebell, G. Kynurenine in rat hair. Nature 209(5026), 913-914 (1966).

21. Daly, S., Bianchini, R., Polefka, T., Jumbelic, L. & Jachowicz, J. Fluorescence and coloration of grey hair. Int. J. Cosm. Sci. 31(5),
347-359. https://doi.org/10.1111/j.1468-2494.2009.00500.x (2009).

22. Silva-Baptista, M. & Bastos, E. L. Fluorescence in pharmaceutics and cosmetics. In Fluorescence in Industry Vol. 18 (ed. Pedras,
B.) 39-102 (Springer, Switzerland, 2019).

23. Millington, K. R. Anomalous fluorescence of white hair compared to other unpigmented keratin fibres. Int. J. Cosmet. Sci. 42(3),
289-301. https://doi.org/10.1111/ics.12614 (2020).

24. Hildebrand, M. & Goslow, G. Analysis of Vertebrate Structure (Wiley, 1982).

25. Catania, K. C. Evolution of sensory specializations in insectivores. Anat. Rec. A. Discov. Mol. Cell. Evol. Biol. 287(1), 1038-1050.
https://doi.org/10.1002/ar.a.20265 (2005).

26. Tucker, R. The digging behavior and skin differentiations in Heterocephalus glaber. J. Morphol. 168(1), 51-71. https://doi.org/10.
1002/jmor.1051680107 (1981).

27. Wang, B, Yang, W., McKittrick, J. & Meyers, M. A. Keratin: Structure, mechanical properties, occurrence in biological organisms,
and efforts at bioinspiration. Prog. Mater. Sci. 76, 229-318. https://doi.org/10.1002/jmor.1051680107 (2016).

28. Hamchand, R. et al. Red fluorescence of European hedgehog (Erinaceus europaeus) spines results from free-base porphyrins of
potential microbial origin. J. Chem. Ecol. 47(6), 588-596. https://doi.org/10.1007/s10886-021-01279-6 (2021).

29. Stuart-Fox, D., Ospina-Rozo, L., Ng, L. & Franklin, A. M. The paradox of iridescent signals. Trends Ecol. Evol. 36(3), 187-195.
https://doi.org/10.1016/j.tree.2020.10.009 (2020).

30. Land, M. E The physics and biology of animal reflectors. Prog. Biophys. Mol. Biol. 24, 75-106. https://doi.org/10.1016/0079-6107(72)
90004-1 (1972).

31. Prum, R. O. Anatomy, physics, and evolution of avian structural colors. In Bird Coloration, vol. 1. Mechanisms and Measurements
(eds Hill, G. E. & McGraw, K. J.) 295-355 (Harvard University Press, Cambridge, 2006).

32. Prum, R. O. & Torres, R. H. Structural colouration of mammalian skin: convergent evolution of coherently scattering dermal
collagen arrays. J. Exp. Biol. 207, 2157-2172. https://doi.org/10.1242/jeb.00989 (2004).

33. Kuyper, M. A. The ecology of the golden mole Amblysomus hottentotus. Mammal Rev. 15(1), 3-11. https://doi.org/10.1111/j.1365-
2907.1985.tb00379.x (1985).

34. Snyder, H. K. et al. Iridescent colour production in hairs of blind golden moles (Chrysochloridae). Biol. Lett. 8(3), 393-396. https://
doi.org/10.1098/rsbl.2011.1168 (2012).

35. Thomas, O. Descriptions of new Rodents from Western South America. J. Nat. Hist. 6(34), 383-387 (1900).

36. Rosi, M. L, Cona, M. I, Roig, V. G., Massarini, A. I. & Verzi, D. H. Ctenomys mendocinus. Mamm. Species 777, 1-6. https://doi.
org/10.1644/777.1 (2005).

37. Sanchez, R. T., Tomasco, H. 1., Diaz, M. M. & Barquez, R. M. Contribution to the knowledge of the rare “Famatina tuco-tuco’,
Ctenomys famosus Thomas 1920 (Rodentia: Ctenomyidae). Mammalia 83(1), 11-22. https://doi.org/10.1515/mammalia-2017-0131
(2019).

38. Yang, W.,, Chao, C. & McKittrick, J. Axial compression of a hollow cylinder filled with foam: A study of porcupine quills. Acta
Biomater. 9(2), 5297-5304. https://doi.org/10.1016/j.actbio.2012.09.004 (2013).

39. Van Weers, D. J. Specific distinction in Old World porcupines. Zool. Gart. 53, 226-232 (1983).

40. Inayah, N., Farida, W. R. & Purwaningsih, E. Microstructure of Quills in Sunda Porcupine Hystrix javanica (E. Cuvier, 1823). J.
Biol. Indones. 16(1), 81-88 (2020).

Acknowledgements

We are grateful to Prof Dr JA Oliveira, curator of Museu Nacional/UFR], for assisting with photograph tech-
niques and granting access to the specimens. We would also like to thank M Tenser for her explanations of the
physical properties of wavelengths. The Graduate Program provided funding for this work at Museu Nacional/
UFR] (PPGZoo0), AUXPE: 0721/2018—CAPES/PROEX. This study was partially financed by the Coordenacao
de Aperfeicoamento de Pessoal de Nivel Superior—Brasil (CAPES)—Finance Code 001, through fellowship
granted to the second author (ES-G.).

Scientific Reports|  (2022)12:12293 | https://doi.org/10.1038/s41598-022-15952-7 nature portfolio


https://doi.org/10.1371/journal.pone.0083259
https://doi.org/10.1038/s41598-020-59528-9
https://doi.org/10.1038/s41598-020-59528-9
https://doi.org/10.1515/mamm.1985.49.2.249
https://doi.org/10.5772/intechopen.86029
https://doi.org/10.1093/jmammal/gyy177
https://doi.org/10.1515/mammalia-2020-0027
https://doi.org/10.1515/mammalia-2020-0027
https://doi.org/10.1038/s41598-021-83588-0
https://doi.org/10.1038/s41598-021-83588-0
https://doi.org/10.1371/journal.pone.0257156
https://doi.org/10.1674/0003-0031-186.1.150
https://doi.org/10.1674/0003-0031-186.1.150
https://doi.org/10.54119/jaas.2021.7515
https://doi.org/10.1590/S0102-33062013000300006
https://doi.org/10.1002/ar.1092130404
https://doi.org/10.1002/ar.1092130404
https://doi.org/10.1002/ar.1092130404
https://doi.org/10.1002/ar.1092130404
https://doi.org/10.1111/j.1468-2494.2009.00500.x
https://doi.org/10.1111/ics.12614
https://doi.org/10.1002/ar.a.20265
https://doi.org/10.1002/jmor.1051680107
https://doi.org/10.1002/jmor.1051680107
https://doi.org/10.1002/jmor.1051680107
https://doi.org/10.1007/s10886-021-01279-6
https://doi.org/10.1016/j.tree.2020.10.009
https://doi.org/10.1016/0079-6107(72)90004-1
https://doi.org/10.1016/0079-6107(72)90004-1
https://doi.org/10.1242/jeb.00989
https://doi.org/10.1111/j.1365-2907.1985.tb00379.x
https://doi.org/10.1111/j.1365-2907.1985.tb00379.x
https://doi.org/10.1098/rsbl.2011.1168
https://doi.org/10.1098/rsbl.2011.1168
https://doi.org/10.1644/777.1
https://doi.org/10.1644/777.1
https://doi.org/10.1515/mammalia-2017-0131
https://doi.org/10.1016/j.actbio.2012.09.004

www.nature.com/scientificreports/

Author contributions
Both authors contributed equally to the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to G.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports|  (2022)12:12293 | https://doi.org/10.1038/s41598-022-15952-7 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Fluorescence and UV–visible reflectance in the fur of several Rodentia genera
	Methods
	Survey. 
	Photographs. 
	Photograph treatment. 

	Results
	Discussion
	References
	Acknowledgements


