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Abstract

Insular mammal faunas have been the focus of numerous studies in evolutionary biology, specifically regarding the pat-
terns of dwarfism and gigantism. Previous work has shown either increase or decrease in relative brain size in various
clades, including elephants, hippos, lagomorphs, bovids, and multituberculates. Decrease in specific senses such as audi-
tion and vision were also observed. In this study, we describe the virtual brain endocasts of the giant rats of the Canary
Islands, Canariomys bravoi and Canariomys tamarani, and make morphological and quantitative comparisons with 10
extant mainland and insular Murinae. We measured endocranial volumes and the relative sizes of brain regions, including
the olfactory bulb and petrosal lobule volumes and the neocortical and paleocortex surface areas. Our results show that
intraspecific variation was higher in Ca. bravoi compared to its closest extant relative Arvicanthis niloticus, which sup-
ports the idea that phenotypic variability is more prevalent on islands than on the continent. Canariomys tamarani could
represent an intermediate form between Arvicanthis and Ca. bravoi, as previously hypothesized. The midbrain exposure
in Ca. bravoi is likely a derived feature due to the reduction in the neocortex. The relatively small size of the olfactory
bulbs in Canariomys might be related to decreased predation risk. The relatively smaller petrosal lobules in Ca. tamarani
and insular extant rodents could have resulted from a shift to slower locomotion compared to their mainland relatives.
Overall, we show that, as in the insular lagomorph Nuralagus rex, decrease in various senses has also occurred in rodents
living on islands.
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Introduction

Islands are complex ecosystems, and specific biological
rules have been described for animals and plants living on
them. One of the most spectacular patterns is small-animal
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gigantism and large-animal dwarfism in relation to main-
land relatives (Van Valen 1973; Lomolino et al. 2012, 2013;
Benitez-Lopez et al. 2021). However, insular animals also
show many adaptive traits, including dental adaptations (i.e.,
increase in hypsodonty with the addition of lophs, larger
cheek teeth), a shortening of the distal part of the hindlimb
and a low gear locomotion (Sondaar 1977; Van Der Geer et
al. 2021). However, none of these adaptations are consistently
present across insular taxa (Van Der Geer 2014). The insular
models have been tested for mammals (e.g., Lomolino 1985;
Bromham and Cardillo 2007; Meiri et al. 2008; McFadden
et al. 2013; Benitez-Lopez et al. 2021), amphibians (Mon-
tesinos et al. 2012; Benitez-Lopez et al. 2021), birds (Clegg
and Owens 2002; Boyer and Jetz 2010; Benitez-Lopez et al.
2021), reptiles (Boback 2003; Itescu et al. 2014; Benitez-
Lopez et al. 2021), fish (Herczeg et al. 2009), insects (Palmer
2002), and plants (Biddick et al. 2019). Some of these studies
only focused on a small number, which might not represent
an entire clade. Recently, Benitez-Lopez et al. (2021) showed
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that a significant change in body mass occurs between main-
land and island species, and corroborated the island rule for
mammals, birds, and reptiles but not for amphibians. Some
factors responsible for this change in body mass have been
identified and include island size, spatial isolation, tempera-
ture, and seasonality. Various hypotheses have been proposed
as selective pressures underlying the insular forms, including
low predation pressure, low interspecific competition, and
resource limitation (Lomolino 1985, 2005; Benitez-Lopez et
al. 2021). Many examples of insular forms are known from
the fossil record, including proboscideans, cervids, bovids,
hippopotamids, hominins, multituberculates, and dinosaurs
(e.g., Bate 1909; Brown et al. 2004; Benton et al. 2010; Csiki-
Sava et al. 2018).

Many studies have described and quantified changes in
shape and size of the brain of mammals throughout geologi-
cal times using virtual (or natural) brain endocasts of extinct
and extant species, including but not limited to early mam-
mals (e.g., Macrini et al. 2007; Rowe et al. 2011), probosci-
deans (Benoit et al. 2013), artiodactyls (Orliac and Gilissen
2012; Orliac et al. 2023), carnivorans (Flink and Werdelin
2022), rodents (e.g., Bertrand and Silcox 2016; Bertrand et
al. 2018), and primates (e.g., Silcox et al. 2010; Harrington
et al. 2016). However, few studies have explored the impact
of living on islands on the brain of vertebrates. Lyras (2018)
found that insular elephants and hippos were not only small
versions of the mainland species, but they also showed an
increase in relative brain size. Quintana et al. (2011) also
found that Nuralagus rex, a giant lagomorph from Minorca
(Balearic Islands, Spain), had relatively small-sized sense-
related regions of the cranium (i.e., tympanic bullae, orbits,
choanae, and braincase) compared to its mainland relatives
(Oryctolagus). They interpreted this result as a reduction of
its sensory organs and a reduced brain size. Similar results
were found for the endemic bovid Myotragus from Majorca
(Spain) and the Cretan deer Candiacervus. They both show
a brain size reduction of 45% to 50% for Myotragus and
13% to 22% for Candiacervus (Kohler and Moya-Sola
2004; Palombo et al. 2008). However, Liakopoulou et al.
(2024) found that the brain size reduction of Myotragus may
have only been 17% smaller compared to contemporane-
ous Late Miocene taxa. More recently, Orgebin et al. (2025)
published the virtual endocast of a Late Miocene ruminant
from Gargano (Italy), Hoplitomeryx matthei. A minor brain
size reduction and no reduction in the occipital region of
the neocortex or in the olfactory bulbs were found. Because
great uncertainty remains regarding its closest continental
relative, these results might have to be reassessed in the
future. In contrast, the question of insular gigantism and its
impact on the brain has been underexplored in mammals,
with the only studies being those by Blanco-Lapaz (2005,
2007) on the rodent Canariomys from the Canary Islands
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in Spain and on the lagomorph Nuralagus from Minorca
(Quintana et al. 2011). In his results, Blanco-Lapaz (2005,
2007) did not find any differences in relative brain size
between Canariomys and other mainland rodents. However,
based on the previous research of Quintana et al. (2011), we
may expect a decrease in senses in Canariomys.

The Canary Islands are a chain of seven main islands
(Fig. 1). At 100 km west of Morocco, these islands are
not larger than 7,500 km? and are among the most studied
islands in the world in terms of geology, vegetation struc-
ture, and climate (Walter 1979; Fernandez-Palacios et al.
2011; Suchodoletz et al. 2012). The Canary Islands have
a diverse set of climatic conditions. The eastern islands
(Fuerteventura and Lanzarote) have a Mediterranean cli-
mate, which results in subdesertic habitats with scrublands
and relatively low elevations (less than 800 m). The low-
lands of Gran Canaria and Tenerife have a similar climate,
but in high elevations (from 500 to 1200 m) more precipita-
tion and less seasonality occur, which would be similar to
Oligocene and Miocene Eurasian forests (Del Arco Agui-
lar et al. 2018). Two extinct giant rodents are found in this
archipelago, Canariomys bravoi in Tenerife and Canario-
mys tamarani in Gran Canaria. Canariomys bravoi was dis-
covered in the 1950s by Telesforo Bravo and described by
Crusafont-Pair6 and Petter (1964), who erected the species
and the genus based on a cranium found in the Late Pleisto-
cene site of la Cueva de las Palomas (translated as ‘Cave of
the Doves’) in Tenerife. Crusafont-Pairé and Petter (1964)
did not formally designate a holotype. Although Martinez
Meéndez (1966) stated that a cranium was the holotype, this
work was never published. More recently, the type cranium
of Ca. bravoi was identified in the Institut Catala de Paleon-
tologia Miquel Crusafont (ICP) collections and described in
detail comparing both cranial and dental morphology to that
of extant murines (Casanovas-Vilar and Lujan 2022).

Partial nuclear and mitochondrial DNA data estimate the
divergence time between Ca. bravoi and Arvicanthis grp
niloticus (extant populations from Masai Mara) at around
650,000 years ago. The oldest and youngest fossils of Ca.
bravoi are respectively dated to 17,300 cal BP (calibrated
years before present) and 2,265+ 85 cal BP (Crowley et al.
2019). Recently, ancient DNA from Ca. bravoi showed that
this species is nested within the genus Arvicanthis (African
grass rats), revealing that the genus Arvicanthis is para-
phyletic (Renom et al. 2021). Arvicanthis is a well-known
genus represented exclusively by African species, rang-
ing from Egypt to Tanzania and from Senegal to Somalia
(Lesson 1842; Fadda and Corti 2001). This genus lives in
a wide range of habitats, including arid regions, steppes,
shrublands, wooded savannahs, forest-savannah mosaic,
and wetlands (Lecompte et al. 2008; Dobigny et al. 2013;
Aghova et al. 2018).
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Fig. 1 Geographic map of the Canary Islands and localisation of both Canariomys species. Map designed using Mapcreator

Based on stomach content, the various Arvicanthis spe-
cies have an omnivorous diet that changes seasonally, with
a high consumption of plants in the dry season, whereas
animal matter is consumed during the rainy season (Rabiu
and Fisher 1989). Using faecal analyses, Arvicanthis was
also recovered as omnivore (Delany and Monro 1986).
However, two studies concluded that Arvicanthis was more
herbivorous based on stomach content and isotopic values
(Taylor and Green 1976; Bergstrom 2013). Based on cra-
nial and dental measurements, the body mass of Ca. bravoi
has been estimated to ~ 1.5 kg (Moncunill-Solé et al. 2014),
which is 14 times heavier than the mean body mass of 4.
niloticus (Renom et al. 2021).

Based on postcranial data, Michaux et al. (2012) pro-
posed that Ca. bravoi was a predominantly ground-dwelling
animal with a heavily built skeleton but also showed some
digging and scansorial/arboreal adaptations. Canariomys
bravoi was found to have an herbivorous diet with a pre-
dominance of C; plants based dental microwear, mandible
geometric morphometrics, and carbon (8'*C) and nitrogen
(8'°N) stable isotopes from bone collagen (Bocherens et al.
2003, 2006; Firmat et al. 2010). However, a more recent
study found slightly more positive 8'*C and 8!°N values,
which would be indicative of a more omnivorous diet
(Crowley et al. 2019).

Lopez-Jurado and Lopez Martinez (1987) erected a
second species, Canariomys tamarani, from the Gran
Canaria Island, and further described the dental anatomy
of the genus, proposing a differential diagnosis for Ca.
bravoi and Ca. tamarani. Canariomys tamarani was

interpreted as a rodent with an herbivorous diet and a
ground-dwelling lifestyle, including some digging abili-
ties. This taxon had a body mass of approximately 1 kg,
which is close to the body mass of Ca. bravoi (Moncunill-
Sol¢ et al. 2014). Canariomys tamarani has been placed
within the Arvicanthini tribe based on the analysis of its
dental and skull morphology (Lopez-Jurado and Lopez
Martinez 1987; Hutterer et al. 1988; Casanovas-Vilar and
Lujan 2022). However, its cranial anatomy is more simi-
lar to Ca. bravoi than Arvicanthis (Casanovas-Vilar and
Lujan 2022). Interestingly, the dental morphology of Ca.
tamarani is not as derived as in Ca. bravoi, being more
reminiscent of that of A. niloticus (Casanovas-Vilar and
Lujan 2022). These findings are important as Ca. tama-
rani was discovered in Gran Canaria, which is closer to
the African continent (Fig. 1). Recent studies concluded
that both Canariomys species would have derived from
small populations of A. niloticus, which would have
reached the Canary Islands via passive rafting from the
African mainland (Renom et al. 2021; Casanovas-Vilar
and Lujan 2022).

In this paper, we describe the brain endocast of two spec-
imens of Ca. bravoi and one specimen of Ca. tamarani. We
compare their endocasts with those of 10 extant species of
Muridae. The aim of this study is to answer the following
questions: (1) how did the brain endocast of Canariomys
evolve in the context of insularity?; (2) can the study of the
brain endocast of Ca. bravoi inform about the ecology of
this species?; and (3) are there any common neurobiological
and sensory patterns found in insular mammals?
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Materials and methods

Comparative sample Our sample is composed of 13 spec-
imens belonging to 11 different species (Fig. 2; Table 1).
The scanning parameters are detailed in Online Resource
1: Table S1. The fossil sample is composed of two speci-
mens of Ca. bravoi and one specimen of Ca. tamarani. We
also included three species of Arvicanthis (i.e., Arvicanthis
niloticus, Arvicanthis neumanni, and Arvicanthis abyssini-
cus) and chose to include two specimens of A. niloticus

Fig. 2 Simplified phylogenetic
tree showing the position of two
species of Canariomys within
Muridae based on Casanovas-
Vilar and Lujan (2022; data
from Steppan and Schenk 2017,
Aghova et al. 2018; Bryja et al.
2019; and Renom et al. 2021).
Insular species are in bold, and
extinct species are indicated
with T

Arvicanthini

from different localities, one from Mali and another one
from Central African Republic. The specimen MNHN-ZM-
MO-1978-195 of A. neumanni is from the Muséum national
d’Histoire naturelle (MNHN) collections and was studied by
Michaux et al. (2012) but referred to 4. niloticus with num-
ber “n195”. The only Arvicanthis specimen in the MNHN
collection with this number is the specimen MNHN-ZM-
MO-1978-195, currently assigned to A. neumanni.

The rest of the sample is composed of six other extant
species of murine rodents: three closely-related species of

s Canariomys tamarani 1'
Canariomys bravoi 1
Arvicanthis niloticus (Massai Mara)
Arvicanthis niloticus (Sahel)
Arvicanthis neumanni
Arvicanthis abyssinicus
Lemniscomys striatus
= Pelomys fallax
ke Rhabdomys dilectus
Dasymys incomtus
Aethomys hindei
l_E Grammomys dolichurus
Thallomys loringi
Micaelamys namaquensis
= Hybomys univittatus

k=== Stochomys longicaudatus
] Golunda ellioti

ke Oenomys hypoxanthus

Otomys angoniensis

I_E Mus musculus
Malpaisomys insularis 1'

Muridae

Apodemus speciosus

I—E Uromys caudimaculatus
Hyomys goliath

Rattus Rattus

Cricetidae

Batomys granti
|_,_E Crateromys schadenbergi
Carpomys phaeurus

1
I—E AN/coIa amphlblus
Myodes rufocanus

Table 1 Information on the specimens included in this study

Euneomys chinchilloides

Species Collection number Collection  Locality Reference Age Island
species

Canariomys bravoi IPS36548 ICP La Cueva de las Palo- Casanovas-Vilar and Late Yes
mas Tenerife Lujan (2022) Pleistocene

Canariomys bravoi TFMCVF873 MUNA Cueva del Viento, Michaux et al. (2012) Holocene Yes
Tenerife

Canariomys tamarani ~ ZFMK 2010.308 ZFAK Unknown Michaux et al. (2012) Unknown Yes

Arvicanthis niloticus MNHN-ZM-MO-1998-1113 MNHN Central African - Extant No
Republic

Arvicanthis niloticus MNHN-ZM-MO-2004-750 MNHN Mali - Extant No

Arvicanthis neumanni ~ MNHN-ZM-MO-1978-195 MNHN Ethiopia Michaux et al. (2012) Extant No

Arvicanthis abyssinicus  MNHN-ZM-MO-1905-213 MNHN Kisumu, Kenya - Extant No

A

Lemniscomys striatus MNHN-ZM-2008-6 MNHN Guinea - Extant No

Pelomys fallax MNHN-ZM-MO0-2007-1247 MNHN Selous, Ngarembe - Extant No
village, Tanzania

Rhabdomys dilectus MNHN-ZM-2005-688 MNHN Olkokola, Tanzania - Extant No

Rattus rattus M-443 PACEA Guadeloupe Goedert et al. (2020) Extant No

Crateromys MNHN-ZM-MO-1897-414 MNHN Luzon, Philippines - Extant Yes

schadenbergi

Phloeomys cumingi MNHN-ZM-AC-A7569 MNHN Manila, Philippines - Extant Yes
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Arvicanthini (Lemniscomys striatus, Pelomys fallax, Rhab-
domys dilectus), two large-sized insular species of Phloeo-
myini (Crateromys schadenbergi and Phloeomys cumingi),
and one species of Rattini (Rattus rattus). The specimen
PACEA-M-443 of Ra. rattus is from Guadeloupe (France)
and was captured for a study of the seasonal demography
of black rat populations (Goedert et al. 2020). Even if this
specimen is from an island, it is a very recent introduction.
The brain endocast of Ra. rattus from Guadeloupe has been
the focus of another study by Vincent et al. (2023). These
island rats have not been compared to mainland popula-
tions. It is possible that they may show differences (see Van
Der Geer et al. 2018), but the intraspecific variation would
likely be smaller than interspecific variation and therefore,
the inclusion of an island rat should not affect the results
of the present study. Locality, age, and island status for the
sample are detailed in Table 1.

Canariomys bravoi IPS36548 is a nearly complete cra-
nium that is only lacking the bullae and a part of the left
zygomatic arch. This specimen was found in La Cueva
de las Palomas site, Acantilado de Martidnez (Puerto de
la Cruz, Tenerife, Canary Islands), estimated to be Late
Pleistocene in age (129,000—11,700 years; boundaries after
Gibbard and Head 2020). A second specimen of Ca. bra-
voi (TFMCVF873) is a nearly complete cranium that is
also lacking the auditory region. This specimen is from el
Museo de la Naturaleza y el Hombre, Santa Cruz (Tener-
ife, Canary Islands). The specimen was found in 1982 by
J.-J. Hernandez Pacheco in the Cueva del Viento site (Icod
de los Vinos, Tenerife). Bones from the same site assigned
to Ca. bravoi have been '*C dated to 12,230+ 140 cal BP
(Michaux et al. 1996). This age has been recalibrated by
Crowley et al. (2019) to 14,290+ 535 Cal BP. The specimen
ZFMK 2010.308 has been identified as Ca. tamarani (see
differential diagnosis from Lopez-Jurado and Lépez Mar-
tinez 1987). It was collected in 1984 by R. Hutterer and L.F.
Loépez-Jurado in the Ingenio lava tube, but the exact loca-
tion and the site are unknown. The cranium is complete and
undistorted. The geological age, locality, and other informa-
tion about the specimen are unknown.

We provide detailed anatomical comparisons of Canario-
mys with its closest extant relative Arvicanthis (A. niloticus,
A. neumanni, and A. abyssinicus; Fig. 3a-g). For the princi-
pal component analysis (PCA), we include the remaining of
the sample (Fig. 3h-m) to study the variation in brain size
and its components in a broader context of insular vs. main-
land species of murines.

Virtual endocast acquisition

The virtual endocasts of all specimens were semi-automat-
ically segmented using the 3D data processing software

Avizo 2019.1 (Visualization and Sciences Group 1995—
2019). For each specimen, we segmented one slice approxi-
mately every 30 slices and every 10 slices for regions with
more anatomical variations along the endocast, including
the olfactory bulbs. When the bone was missing, a straight
line was traced from the two nearest pieces of preserved
bone. Then, we used the software Biomedisa v23.09.1-
226.1-g1a807f7 (Losel et al. 2020) to automatically seg-
ment the rest of the slices. Biomedisa uses bone density
from the CT scans and the segmented slices (i.e., labelfield
module) to interpolate the remaining endocranial cavity
(Losel et al. 2020). Subsequently, the labelfield module
containing the virtual endocasts was re-opened in Avizo and
manually cleaned to eliminate any errors introduced by Bio-
medisa. Two labelfield modules were created to obtain an
image showing the endocast inside a translucent cranium
(Fig. 3). Additionally, two different materials were created
to differentiate the brain endocast from vessel and nerve
casts in order to not overestimate the endocranial size. A
new labelfield module was created based on the slices con-
taining the brain endocast only, and a surface rendering of
the brain endocast was obtained.

Brain endocranial quantifications

The volume of the virtual brain endocast was obtained with
the function “surface area volume” in Avizo. The olfactory
bulbs were isolated using the “volume edit” function and
then the “generate surface” function was used to create a
new surface. The volume of this new surface was gener-
ated with the same function as for the brain endocast to
calculate the volume of the olfactory bulbs (Fig. 4a). We
estimated the volume of the cerebrum after separating it
using the “draw tool” in the “surface view” window. The
surface obtained was converted to a volume using the func-
tion “surface scan to volume”. The volume of the cerebrum
was then measured using the same two functions as for the
overall brain and olfactory bulb volumes (Fig. 4a). When
preserved, the petrosal lobules were re-segmented by creat-
ing a new material in the labelfield module (Fig. 4a). The
anterior semicircular canal of the inner ear was used as a
guide to isolate the petrosal lobule from the rest of the cer-
ebellum (Bertrand et al. 2020; Lang et al. 2022). To gen-
erate the petrosal lobule volume, the same procedure was
followed as for the above structures. The rhinal fissure was
identifiable on the brain endocast surface of the studied
specimens, which allowed us to measure the surface area
of the neocortex. The neocortex was separated from the rest
of the endocast using the same tools as for the cerebrum.
One non-neocortical element, the superior sagittal sinus
was included into the neocortical surface and not subtracted
(“NS” in Bertrand et al. 2019). To quantify the surface of

@ Springer
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Fig. 3 Virtual brain endocast
inside translucent skull of: a.
Canariomys bravoi, IPS36548;
b. Canariomys bravoi, TFM-
CVF873; ¢. Canariomys
tamarani, ZFMK 2010.308;

d. Arvicanthis niloticus,
MNHN-ZM-MO-1998-1113;

e. Arvicanthis niloticus,
MNHN-ZM-MO-2004-750;

f. Arvicanthis neumanni,
MNHN-ZM-MO-1978-195;

g. Arvicanthis abyssinicus,
MNHN-ZM-MO-1905-213 A; h.
Lemniscomys striatus, MNHN-
ZM-2008-6; i. Pelomys fallax,
MNHN-ZM-MO-2007-1247;
j- Rhabdomys dilectus, MNHN-
ZM-2005-688; K. Rattus
rattus, M—443; 1. Crateromys
schadenbergi, MNHN-ZM-
MO-1897-414; m. Phloeomys
cumingi, MNHN-ZM-AC-
A7569. Scale bar equals 2 cm

the neocortex, the “extracted surface” and “surface area vol-
ume” functions were used (Fig. 4a). To obtain the surface of
the paleocortex, we subtracted the surface of the neocortex
from the cerebrum. The endocranial volume of both speci-
mens of Ca. bravoi is slightly underestimated as the bullae
and petrosal bones were missing from the specimens and
therefore part of the cerebellum including the petrosal lob-
ules could not be reconstructed.

Linear measurements (Table 2; Fig. 4b) were taken
following Bertrand and Silcox (2016), using the 2D mea-
surements function in Avizo. Ratios between different mea-
surements were also obtained (Table 2). The measurements
and ratios were represented as boxplots and also used as
input for a principal component analysis (PCA). The PCA
was performed with R v4.4.1 (R Core Team 2019) and R
studio using the R packages “factoextra” (version 1.0.7) and
“FactoMineR” (version 2.6). To visualize the results, we
used the package “ggplot2” (3.4.0; Lé et al. 2008; Wickham

@ Springer

2009; Kassambara and Mundt 2020). We also estimated the
body mass (BM) using the cranial length (CL) with the for-
mula of Bertrand and Silcox (2016):

BM = 10x(((Logl0(CL))x3.9519) — 4.2316)

This method was chosen for its high determination coeffi-
cient (r>=0.96448). The encephalization quotient (EQ) was
calculated using the endocranial volume (EV) and the equa-
tion from Pilleri et al. (1984) that was specifically created
for rodents (Table 3):

EQ = EV/(0.0997xBM?5419)

Institutional abbreviations ICP, Institut Catala de Pale-
ontologia Miquel Crusafont, Sabadell, Barcelona, Spain;
MNHN, Muséum National d’Histoire Naturelle, Paris,
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Fig. 4 Schematic rodent endocast based on Canariomys bravoi
(IPS36548). a. different parts on the surface in lateral view; b. lin-
ear measurements taken in dorsal (left) and lateral (right) views,
based on Bertrand et al. (2016: Fig. 5). Abbreviations: CLML, cer-
ebellum maximal length; CLW, cerebellum width (without parafloc-

France; MUNA, Museo de la Naturaleza y el Hombre,
Santa Cruz, Tenerife, Spain; PACEA, De la Préhistoire a
I’ Actuel: Culture, Environnement et Anthropologie; ZFAK,
Zoologisches Forschungsmuseum Alexander Koenig,
Bonn, Germany.

Descriptions and comparisons
Olfactory bulbs

Both olfactory bulbs are well preserved in all specimens,
and these are always oval shaped. An anteroposterior longi-
tudinal depression, corresponding to the superior olfactory
sinus, is present between the bulbs and is wider mediolater-
ally in both Ca. bravoi specimens (IPS36548; TFMCVF873;
Fig. 5a, b) and in Ca. tamarani (ZFMK 2010.308; Fig. 5c)
compared to extant species. Compared to Canariomys, the
cast of the superior olfactory sinus is narrower in 4. neu-
manni (MNHN-ZM-MO-1978-195; Fig. 6b), 4. abyssinicus
(MNHN-ZM-MO-1905-213 A; Fig. 6¢), and A. niloticus
(MNHN-ZM-MO-1998-1113; Fig. 5d and MNHN-ZM-
MO-2004-750; Fig. 6a). In contrast, there is no depression
in Ca. tamarani (ZFMK 2010.308) and instead, a marked
longitudinal elevation is present between the bulbs, which
is continuous with the superior sagittal sinus on the cere-
brum (Fig. 5¢). This suggests that the superior olfactory
sinus would have been more elevated in this specimen. The
shape of each olfactory bulb in Ca. bravoi (IPS36548) is
conical and the anterior parts of the bulbs are slightly larger

CRML

CLML

CLw

culi); CRMH, cerebrum maximal height; CRML, cerebrum maximal
length; CRMW, cerebrum maximal width; Mb, midbrain; OH, olfac-
tory bulbs height; OL, olfactory bulbs length; OW, olfactory bulbs
width; PI, petrosal lobule (the position is a hypothesis); TL, total endo-
cast length

and more laterally positioned anteriorly compared to the
posterior parts (Fig. 5a). The other specimen of Ca. bravoi
(TFMCVF873) also displays conical olfactory bulbs, but the
overall shape of both bulbs taken together forms a rectangle
with a longer anteroposterior length compared to the medio-
lateral width (Fig. 5b). The olfactory bulbs of Ca. tamarani
are ovoid in shape (Fig. 5¢). In contrast to Canariomys,
the posterior aspect of the olfactory bulbs is wider than the
anterior region in A. neumanni (Fig. 7b) and A. niloticus
(MNHN-ZM-MO-1998-1113; Fig. 6d and MNHN-ZM-
MO-2004-750; Fig. 6a), while the olfactory bulbs are more
elongate anteroposteriorly and are even more rectangular in
shape in 4. abyssinicus (Fig. 6¢).

Linear measurements indicate that the olfactory bulbs are
relatively longer anteroposteriorly (18.04%) in Ca. bravoi
(IPS36548) than in the other conspecific specimen TFM-
CVF873 (16.88%), but in the latter two specimens, the olfac-
tory bulbs are shorter than those of all the other specimens
in the comparative sample (20.85-25.97%; Table 2). Canar-
iomys bravoi (IPS36548) has more mediolaterally expanded
olfactory bulbs (45.78%) than those of all other compared
specimens (34.54-38.08%; Table 2). Dorsoventrally, the
olfactory bulbs have a lower height in C. bravoi (TFM-
CVF873; 47.68%) compared to all other specimens (52.41—
57.83%; Table 2). Canariomys bravoi (TFMCVF873) has
smaller olfactory bulbs anteroposteriorly and dorsoventrally
than any of the other compared specimens (see values above;
Table 2), but broader mediolaterally (37.77%; Table 2) than
in Ca. tamarani, A. neumanni, A. abyssinicus, and A. niloti-
cus (MNHN-ZM-MO-1998-1113; 34.54-35.98%). The
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Table 3 Cranial length used to Species Collection number Cranial  Endo- Body EQ
estimate body mass, estimated length cranial mass (g)  Pilleri
body mass, and encephalization (mm) volume etal.
quotient (EQ) for the different (cm?) (1984)
Specimens Canariomys bravoi IPS36548 67.51 6.19 995.13  0.74

Canariomys bravoi TFMCVF873 64.01 5.46 806.33 0.75
Canariomys tamarani ZFMK 2010.308 59.06 5.28 586.64 0.88
Arvicanthis niloticus MNHN-ZM-MO-1998-1113  29.87 1.06 39.66 1.00
Arvicanthis niloticus MNHN-ZM-MO0-2004-750 31.08 1.10 46.4 0.94
Arvicanthis neumanni MNHN-ZM-MO-1978-195 37.59 1.42 98.38 0.75
Arvicanthis abyssinicus MNHN-ZM-MO-1905-213 A 33.26 1.18 60.66 0.85
Lemniscomys striatus MNHN-ZM-2008-6 28.25 0.90 31.82 0.98
Pelomys fallax MNHN-ZM-MO-2007-1247  31.11 1.21 46.58 1.03
Rhabdomys dilectus MNHN-ZM-2005-688 26.65 0.68 25.27 0.86
Rattus rattus M-443 43.82 2.11 180.35 0.76
Crateromys schadenbergi  MNHN-ZM-MO-1897-414 69.06 5.40 1088.53  0.61
Phloeomys cumingi MNHN-ZM-AC-A7569 63.66 5.98 789.04 0.83

olfactory bulbs of Ca. tamarani (ZFMK 2010.308) have the
same relative anteroposterior length (20.85%; Table 2) as in
A. niloticus (MNHN-ZM-MO-1998-1113; 20.85%) and are
smaller than in 4. neumanni, A. abyssinicus, and A. niloti-
cus (MNHN-ZM-MO-2004-750; 24.21-25.97%). Canari-
omys tamarani also has smaller mediolaterally olfactory
bulbs (34.54%) compared to all Arvicanthis species (35.12—
38.03%; Table 2). The olfactory bulbs are positioned above
the M2 in the two specimens of Ca. bravoi (Fig. 3a and b),
above the M1 in 4. niloticus (MNHN-ZM-MO-1998-1113
and MNHN-ZM-MO-2004-750), A. neumanni, and A. abys-
sinicus, and above the boundary between the M1 and the
M2 in Ca. tamarani (Fig. 3c-g). The olfactory bulbs are not
covered by the frontal lobes in any species (Figs. 7 and 8).
The circular fissure is not well marked and appears to be
more expanded anteroposteriorly in Ca. bravoi (IPS36548;
Fig. 8a) than in TFMCVF873 (Fig. 8b). This feature is
better defined in the other specimens and appears longer
anteroposteriorly in A. neumanni compared to other species
of Arvicanthis (Fig. 8b).

Cerebrum and midbrain

In dorsal view, the anteromedial boundaries of the cerebral
hemispheres are not clearly defined in either of the Ca. bra-
voi (IPS36548; Fig. 5a and TFMCVF873; Fig. 5b) but they
are visible on the other species and have a round outline
(Figs. 5 and 6). However, the anterior boundaries are visible
in lateral view in Ca. bravoi (TFMCVF873; Fig. 7b) as in
the other specimens, but not in Ca. bravoi (IPS36548; Fig.
7a), in which they are only lightly marked (Figs. 7 and 8).
In all species, the cerebral hemispheres are separated medi-
ally by the superior sagittal sinus (Figs. 5 and 6). The lateral
borders of the anterior region of the cerebrum are convex
in Ca. bravoi (TFMCVF873; Fig. 5b) and in Ca. tamarani

@ Springer

(Fig. Sc), straight in Arvicanthis (Figs. 5d and 6a and b, and
¢), and intermediate in the other specimen of Ca. bravoi
(IPS36548; Fig. 5a). In lateral view, a temporal fossa is vis-
ible in all species but is less marked in Ca. bravoi compared
to Arvicanthis and to Ca. tamarani (Figs. 7 and 8). Sulci
on the rodent brain are usually present when brains weight
is over 5 g (Pilleri et al. 1984; Bertrand et al. 2016), and
while Canariomys species have larger endocranial volumes
(5.3-6.2 cm®; Table 2) and should theorically have sulci, we
do not see any sulci on any of the three specimens. The rhi-
nal fissure separates the neocortex from the paleocortex and
can be used to infer the degree of expansion of the neocortex
(Jerison 2012; Long et al. 2015). The rhinal fissure is hard
to distinguish in the two specimens of Ca. bravoi and is not
visible in Ca. tamarani (Figs. 7 and 8).

In one specimen of Ca. bravoi (IPS36548), the limits
between the cerebrum and the midbrain cannot be clearly
distinguished, but in TFMCVF873, the midbrain is exposed
(Fig. 5a, b). In Ca. tamarani, the midbrain appears to be
fully covered by the confluence of sinuses and the vermis
even though a thin indentation can be seen between both
structures (Fig. 5¢). In 4. neumanni (Fig. 6b), A. abyssini-
cus (Fig. 6¢), and A. niloticus (MNHN-ZM-MO-1998-1113;
Fig. 5d and MNHN-ZM-MO-2004-750; Fig. 6a), the small
patch of the midbrain is potentially visible, but the bound-
aries of this feature are hard to define with certainty. The
pituitary gland (=hypophyseal fossa) is visible in 4. niloti-
cus (MNHN-ZM-MO-1998-1113) and A. abyssinicus, while
in Canariomys and A. neumanni, this structure is not well
demarcated (Figs. 9 and 10).

In terms of the linear measurements of the cerebrum,
Ca. bravoi (IPS36548 and TFMCVF873) has a relatively
longer cerebrum (63.68% and 64.65%) than Ca. tamarani
(ZFMK 2010.308; 62.84%) and all Arvicanthis specimens
(55.80-58.35.80.35%; Table 2). Canariomys tamarani has
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Fig. 5 Virtual endocasts in dorsal view. a
a. Canariomys bravoi, IPS36548;

b. Canariomys bravoi, TFMCVF873;

c. Canariomys tamarani, ZFMK ()b
2010.308; d. Arvicanthis niloticus,
MNHN-ZM-MO-1998-1113. Abbre-
viations: cf, circular fissure; cs, conflu-
ence of sinuses; Ibc, lateral lobe of the
cerebellum; mb, midbrain; nc, neocortex;

ob, olfactory bulb; pf, paramedian fis- S§s
sure; sos, superior olfactory sinus; sss,
superior sagittal sinus; ss, sigmoid sinus;
ts, transverse sinus; ve, vermis. Scale
bars equal 5 mm
ve
pf

the same cerebral width (21.19%) as Ca. bravoi (21.13%
and 21.82%; Table 2). Canariomys bravoi (IPS36548) has
a slightly longer cerebrum dorsoventrally (14.49 mm) com-
pared to Ca. bravoi (TFMCVF873; 13.80 mm) and to Ca.
tamarani (ZFMK 2010.308; 14.30 mm).

Cerebellum

Only part of the cerebellum is preserved in the studied Ca.
bravoi specimens. The size of the cerebellum is challeng-
ing to assess because it is often covered at least partially by
the cerebrum, therefore the values can be underestimated.
For the studied sample, the cerebrum does not cover the

ob

SSS

ob

SSS

medial region of the cerebellum but could potentially
cover the lateral aspects of the cerebellum (Figs. 5 and 6).
The vermis is visibly separated from the lateral lobes by
the paramedian fissures, which are difficult to distinguish
in Ca. bravoi (IPS36548; Fig. 5a) and are only visible
posteriorly. For the other specimens, the vermis is more or
less ovoid and its boundaries are more clearly demarcated,
especially in A. niloticus (MNHN-ZM-MO-2004-750;
Fig. 6a). The petrosal lobules are relatively bulbous in all
species for which they were observed. They are not pre-
served in either of the specimens of Ca. bravoi because
the petrosal region detached from the rest of the cranium
(Figs. 7 and 8).

@ Springer
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a

SOS

ob

SSS

Ibc

Fig. 6 Virtual endocasts in dorsal view. a. Arvicanthis niloticus,
MNHN-ZM-MO-2004-750; b. Arvicanthis neumanni, MNHN-ZM-
MO-1978-195; ¢. Arvicanthis abyssinicus, MNHN-ZM-MO-1905-213
A. Abbreviations: cf, circular fissure; ¢s, confluence of sinuses; lbc, lat-

Regarding linear measurements, Ca. bravoi (IPS36548)
has a relatively longer mediolaterally cerebellum (110.04%)
than Ca. bravoi (TFMCVF873; 98.34%; Table 2). This ratio
is also higher in these specimens compared to Arvicanthis
specimens (85.41-87.92%). This same ratio for Ca. tama-
rani (87.92%) is similar to A. abyssinicus (87.85%), but
higher than for A. niloticus (MNHN-ZM-MO-1998-1113
and MNHN-ZM-MO-2004-750) and 4. neumanni (Table
2). In terms of the anteroposterior length of the cerebellum,
Ca. bravoi (IPS36548; 16.78%) resembles Ca. tamarani
(16.02%) and A. neumanni (16.51%), but the ratio is lower
compared to Ca. bravoi (TFMCVF873; 19.38%), A. niloti-
cus (MNHN-ZM-MO-1998-1113, 19.84% and MNHN-
ZM-MO-2004-750, 18.41%), and A. abyssinicus (19.65%;
Table 2).

Brainstem and cranial nerves

The optic foramina, where the nerve II (optic) would have
exited, are visible in all species. On both specimens of Ca.
bravoi (IPS36548 and TFMCVEF873), the nerve canals are
not parallel and oriented laterally, while they are parallel
in the other specimens and are oriented anteriorly (Figs.
9 and 10). The foramen rotundum, through which passes
a branch of the trigeminal nerve V,, is confluent with the
sphenorbital fissure, which contains the ophthalmic vein,
the nerves III (oculomotor), IV (trochlear), V, (ophthalmic

@ Springer

C

SOS

ob

cf

SSS
nc

eral lobe of the cerebellum; mb, midbrain; ne, neocortex; ob, olfactory
bulb; pf, paramedian fissure; sos, superior olfactory sinus; sss, superior
sagittal sinus; ts, transverse sinus; ve, vermis. Scale bars equal 5 mm

branch of the trigeminal nerve), and VI (abducens). The
foramen rotundum and sphenorbital fissure are merged in
most rodents (Wahlert 1974; Bertrand et al. 2018). This
configuration is present in all of our specimens. The nerve
V; (mandibular), which is the largest branch of the trigemi-
nal nerve, passes through the foramen ovale and the fora-
men ovale accessorius in many rodents (Wahlert 1974);
however, there are exceptions (e.g., Bertrand et al. 2018).
The foramen ovale accessorius is present in all extant spe-
cies of the sample and in Ca. tamarani, but cannot be rec-
ognized in any of the Ca. bravoi specimens. Two canals for
the branches of V;, the buccinator and masseteric nerves,
are visible on the extinct species. In Ca. bravoi (IPS36548
and TFMCVF873) and Ca. tamarani, this part of the V,
forms a distinct canal that goes out of the endocranial cav-
ity anteriorly to the alisphenoid canal (Fig. 9a-c). The con-
figuration is different from all Arvicanthis species, which
do not show any canal for the buccinator and masseteric
nerves (Figs. 9 and 10).

The nerves VII (facial) and VIII (vestibulocochlear) are
located inside the internal auditory meatus. They are not
preserved in Ca. bravoi (Fig. 9a, b) because this region of
the cranium is missing. In Ca. tamarani and extant spe-
cies, both nerve casts can be identified (Figs. 9 and 10).
The jugular foramen is the passageway for the jugular
vein and cranial nerves IX (glossopharyngeal), X (vagus),
and XI (spinal accessory), and is visible in the extant
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a cv?tP nc 1f cf ob b crv? B nc of cf ob
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Fig. 7 Virtual endocast in right lateral view. a. Canariomys bravoi,
1PS36548; b. Canariomys bravoi, TEMCVF873; c¢. Canariomys
tamarani, ZFMK 2010.308; d. Arvicanthis niloticus, MNHN-ZM-
MO-1998-1113. Abbreviations: al, alisphenoid canal; bmn, buccina-
tor and masseteric nerves; cf, circular fissure; crv, caudal rhinal vein;
cv, condyloid vessel; jv, jugular vein; Ibe, lateral lobe of the cerebel-
lum; ne, neocortex; ob, olfactory bulb; ov, ophthalmic vein; pl, petro-

specimens. Because of incomplete preservation, the jugu-
lar foramen is not visible in Ca. bravoi, but can be seen
in Ca. tamarani (Fig. 9a-c). The jugular foramen does not
form a clear round foramen in extant species but resembles
a fissure instead. The same foramen is very small in one
specimen of A. niloticus (MNHN-ZM-MO-1998-1113;
Fig. 9d) and much larger in the second one (MNHN-
ZM-MO-2004-750; Fig. 10a). Posteriorly, the hypoglos-
sal foramen contains the hypoglossal nerve (XII) and is
visible on every specimen. The number of ramifications
of the hypoglossal nerve varies. For the specimens of Ca.
bravoi (IPS36548 and TFMCVF873), there are three rami-
fications (Fig. 9a, a), whereas there are two ramifications
in A. niloticus (MNHN-ZM-MO-1998-1113; Fig. 9d and
MNHN-ZM-MO-2004-750; Fig. 10a) and 4. abyssinicus
(Fig. 10c). One hypoglossal nerve is present in 4. neu-
manni (Fig. 10b) and Ca. tamarani (ZFMK 2010.308; Fig.
9c), but breakage may have affected the preservation of the
structure in the Ca. tamarani specimen.

sal lobule; rf, rhinal fissure; sa, stapedial artery; ss, sigmoid sinus;
tc, transverse canal; tp, temporal fossa; ts, transverse sinus; II, optic
nerve; III, oculomotor nerve; 1V, trochlear nerve; V1, ophthalmic
branch of the trigeminal nerve; V2, maxillary branch of the trigeminal
nerve; V3, mandibular branch of the trigeminal nerve; VI, abducens
nerve; VII, facial nerve; VIII, vestibulocochlear nerve; XII, hypoglos-
sal nerve. Scale bars equal 5 mm

Blood vessels

In dorsal view, the superior sagittal sinus is visible on every
specimen. It separates the cerebral hemispheres and allows
drainage of the blood of the dorsal venous system. The supe-
rior sagittal sinus is not well defined in the specimens of Ca.
bravoi (IPS36548 and TFMCVF873; Fig. Sa, b) but is well
demarcated and raised in the other species (Figs. 5 and 6).
The superior sagittal sinus is connected with the transverse
sinus by the confluence of sinuses positioned caudally to the
cerebral hemispheres. The caudal rhinal vein is a ramifica-
tion of the transverse sinus (Xiong et al. 2017). This vein
is visible in the posterior part of the cerebrum in Arvican-
this (Figs. 7 and 8). The caudal rhinal vein of Ca. bravoi
(IPS36548 and TFMCVF873) is positioned more dorsally
on the temporal fossa than in Ca. tamarani and in the extant
species. (Figures 7 and 8). In lateral view (Figs. 7 and 8),
the sigmoid sinus is continuous with the transverse sinus
and the internal jugular vein. The sigmoid sinus is more
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q vets PV tPcrv nc tf cf ob

Fig. 8 Virtual endocast in right lateral view. a. Arvicanthis niloticus,
MNHN-ZM-MO-2004-750; b. Arvicanthis neumanni, MNHN-ZM-
MO-1978-195; ¢. Arvicanthis abyssinicus, MNHN-ZM-MO-1905-213
A. Abbreviations: al, alisphenoid canal; cf, circular fissure; crv, caudal
rhinal vein; jv, jugular vein; lbe, lateral lobe of the cerebellum; ne,
neocortex; ob, olfactory bulb; ov, ophthalmic vein; pl, petrosal lobule;
PV, postglenoid vein; rf, rhinal fissure; sa, stapedial artery; ss, sigmoid
sinus; te, transverse canal; tp, temporal fossa; ts, transverse sinus; ve,
vermis; 11, optic nerve; II1, oculomotor nerve; IV, trochlear nerve; V1,
ophthalmic branch of the trigeminal nerve; V2, maxillary branch of the
trigeminal nerve; V3, mandibular branch of the trigeminal nerve; VI,
abducens nerve; VII, facial nerve; VIII, vestibulocochlear nerve; XII,
hypoglossal nerve. Scale bars equal 5 mm

dorsally positioned, larger, and better defined in Ca. bra-
voi compared to all species of Arvicanthis. In Ca. tamarani,
this sinus is similar in size to the one in Ca. bravoi, but it is
positioned more ventrally than in Ca. bravoi (Fig. 7a-c). In
Arvicanthis, the sigmoid sinus is positioned just dorsally to
the petrosal lobules, abutting them, and is relatively smaller
and not visible in dorsal view (Figs. 5, 6, 7 and 8). The sig-
moid sinus runs anteroposteriorly and then dorsoventrally
along the cerebellum and exits the cranium through the
jugular foramen as the jugular vein (Wible 1990; Bertrand
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et al. 2024b). The other division of the transverse sinus is
the capsuloparietal emissary vein, which exits the cranium
more anteriorly via the postglenoid foramen as the postgle-
noid vein (Wible and Shelley 2020). Because of incomplete
preservation, the postglenoid foramen and the cast of the
capsuloparietal emissary vein are not visible in any of the
Canariomys specimens (Fig. 7a-c). In extant species, the
postglenoid foramen forms an opening and not a foramen,
and the separation between the transverse sinus and the cap-
suloparietal emissary vein is not clear in these specimens
(Figs. 8 and 9). The condyloid canal, carrying a vein, is con-
nected to the sigmoid sinus and its content exits through
the foramen magnum (Wible and Shelley 2020). This canal
is visible in Ca. bravoi (IPS36548 and TFMCVF873), A.
neumanni, and is only preserved on the right side of Ca.
tamarani but is truly absent in the remaining extant species
(Figs. 7 and 8).

One branch of the internal carotid artery is the stapedial
artery (Wible 2022; Bertrand et al. 2024a). The cast of the
stapedial artery is visible in all extant specimens (Figs. 7 and
8). In the two specimens of Ca. bravoi, the area that could
have displayed the cast of the stapedial artery is not pre-
served (Figs. 7a and b and 9a and b). The area is preserved
in Ca. tamarani, but the stapedial canal cannot be identified
(Fig. 9¢). Some bone degradation may be obscuring its pres-
ence. The alisphenoid canal carries the ramus inferior of the
stapedial artery (Wible and Shelley 2020). The transverse
canal is visible in all studied species, except in 4. neumanni
(Fig. 8b). This canal is well defined in the specimens of Ca.
bravoi (IPS36548 and TFMCVEF873), with the presence of
the craniopharyngeal canal on the most ventral part in one
of the specimens (IPS36548; Fig. 9a). The craniopharyngeal
canal is also visible in Ca. tamarani (Fig. 9¢) but absent in
all Arvicanthis species (Figs. 9 and 10). For Ca. tamarani,
A. niloticus (MNHN-ZM-MO-1998-1113 and MNHN-ZM-
MO-2004-750), and A. abyssinicus, the transverse canal is
overall less well defined. The transverse canal cannot be
identified in 4. neumanni even though the specimen appears
well preserved (Figs. 9 and 10). The alisphenoid canal trans-
mits internal artery and veins (Wahlert 1974) and is present
in all species. The alisphenoid canal has an anteroposterior
orientation similar to that of the cast of nerve V, in the two
Ca. bravoi specimens (Fig. 9a, b). In contrast, the alisphe-
noid canal curves medially in Ca. tamarani (Fig. 9¢) and in
A. niloticus (MNHN-ZM-MO-1998-1113; Fig. 9d). In the
remaining extant taxa, the alisphenoid canal curves laterally
(Fig. 10).

Brain size and encephalisation quotient

The endocranial volumes are higher for all of the giant insu-
lar taxa compared to mainland species. Rattus rattus has a
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Fig. 9 Virtual endocasts in ventral view.
a. Canariomys bravoi, 1PS36548; b.
Canariomys bravoi, TFMCVF873; c.
Canariomys tamarani, ZFMK 2010.308;
d. Arvicanthis niloticus, MNHN-ZM-
MO-1998-1113. Abbreviations: al, ali-
sphenoid canal; bmn, buccinator and
masseteric nerves; bs, brainstem; cv, con-
dyloid vessel; ica, internal carotid artery;
jv, jugular vein; ob, olfactory bulb; ov,
ophthalmic vein; pl, petrosal lobule; pg,
pituary gland; pv, postglenoid vein; sa,
stapedial artery; tc, transverse canal; II,
optic nerve; III, oculomotor nerve; 1V,
trochlear nerve; V1, ophthalmic branch
of the trigeminal nerve; V2, maxillary
branch of the trigeminal nerve; V3, man-
dibular branch of the trigeminal nerve;
VI, abducens nerve; VII, facial nerve;
VIII, vestibulocochlear nerve; XII, hypo-
glossal nerve. Scale bars equal 5 mm

higher endocranial volume than the considered Arvicanthini
species (Fig. 11a; Table 2). We assume that the endocra-
nial volume of both Ca. bravoi specimens is underesti-
mated because the bones associated with the petrosal region
detached from the rest of the cranium. The results for the
encephalization quotient (EQ; Fig. 11b) do not show the
same pattern. Most extant species have EQs higher than 0.8.
Within Arvicanthis, A. niloticus has a higher EQ (0.94 and
1.00) compared to all Canariomys specimens (0.74—0.88),
is close to L. striatus (0.98) and Pe. fallax (1.03), while
A. neumanni has a lower EQ than in the other Arvicanthis
(0.75). Finally, Cr. schadenbergi displays the lowest EQ of
the sample (0.61; Fig. 11b).

Olfactory bulb size

The overall range of the studied sample for the olfactory
bulb volume ratio (Fig. 12a; Table 3) is between 3.25% for
Cr. schadenbergi (lowest value) and 6.45% for Pe. fallax
(highest value). Canariomys bravoi (3.51% and 3.60%) and
Ca. tamarani (3.65%) have lower values than A. niloticus
(3.55% and 4.24%). The other Arvicanthis species have
relatively larger olfactory bulbs (5.14% for A. neumanni
and 4.87% for A. abyssinicus). Except for A. niloticus
(MNHN-ZM-MO-1998-1113), the endemic insular taxa
have smaller olfactory bulbs than the mainland taxa and are
close to the values of Ca. bravoi. Compared to body mass,
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a

Fig. 10 Virtual endocasts in ventral view. a. Arvicanthis niloticus,
MNHN-ZM-MO-2004-750; b. Arvicanthis neumanni, MNHN-ZM-
MO-1978-195; ¢. Arvicanthis abyssinicus, MNHN-ZM-MO-1905-213
A. Abbreviations: al, alisphenoid canal; bs, brainstem; jv, jugular
vein; ob, olfactory bulb; ov, ophthalmic vein; pl, petrosal lobule; pg,
pituary gland; pv, postglenoid vein; sa, stapedial artery; te, trans-

all Canariomys specimens have lower ratios (0.02—-0.03%)
compared to any Arvicanthis specimens (0.07-0.09%). This
is also the case for the two other island rodents, Cr. schaden-
bergi and Ph. cumingi that have lower ratios (0.02% and
0.03%) compared to their closest extant relative Ra. rattus
(0.05%; Fig. 13a; Table 2).

Petrosal lobule size

Concerning the petrosal lobule ratio (Fig. 12b; Table 3), all
Arvicanthini species have similar values, between 0.87%
(4. neumanni) and 1.07% (Pe. fallax). The distribution
is similar to the pattern observed for the olfactory bulbs
(Fig. 12a). Canariomys tamarani has smaller petrosal lob-
ules (0.71%) compared to 4. niloticus (0.88% and 1.01%).
Results show that insular taxa have smaller petrosal lobules,
and Cr. schadenbergi and Ph. cumingi have the lowest val-
ues in the sample (Fig. 12b). In relation to body mass, the
island rodents also have lower ratios than their closest extant
mainland relatives (Fig. 13b; Table 2). Canariomys tama-
rani has aratio of 0.006% compared to Arvicanthis (0.012%
to 0.03%). The Philippine rodents Cr. schadenbergi and Ph.
cumingi also have lower ratios (0.0008 and 0.0034%) com-
pared to Ra. rattus (0.011%; Fig. 13b; Table 2).
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verse canal; II, optic nerve; III, oculomotor nerve; IV, trochlear
nerve; V1, ophthalmic branch of the trigeminal nerve; V2, maxil-
lary branch of the trigeminal nerve; V3, mandibular branch of the
trigeminal nerve; VI, abducens nerve; VII, facial nerve; VIII, ves-
tibulocochlear nerve; XII, hypoglossal nerve. Scale bars equal 5 mm

Neocortical and paleocortical sizes

Regarding the neocortical surface area, the arvicanthines
Rh. dilectus (34.68%), Pe. fallax (34.85%), and L. striatus
(36.35%) show higher values (Fig. 12c) than Arvicanthis
niloticus (31.87% and 31.66%), A. abyssinicus (30.05%)
and 4. neumanni (28.34%). When comparing the insular
murines from the Philippines, Cr. schadenbergi (30.37%)
has a lower value than Ph. cumingi (34.77%; Fig. 12c).
Both specimens of Ca. bravoi (30.48% and 33.69%) over-
lap with extant arvicanthines. Finally, Ra. rattus (30.04%)
is close to Cr. schadenbergi and A. abyssinicus (Fig. 12c¢).
The neocortical surface area for Ca. tamarani could not be
estimated because of the lack of preservation of the rhinal
fissure. Compared to body mass, the neocortex of Canario-
mys represents a lower ratio (0.07-0.08%) in comparison to
Arvicanthis (0.26-0.55%). Similar results are found when
comparing Cr. schadenbergi and Ph. cumingi (0.06—0.09%)
with Ra. rattus (0.18%; Fig. 13c; Table 2). Concerning the
paleocortical surface area, both specimens of Ca. bravoi
have the highest percentage ratio (33.76% and 35.91%) in
relation to endocranial size compared to the rest of the sam-
ple (17.15-32.56%). The lowest value corresponds to Cr.
schadenbergi (Fig. 12d; Table 2). The range of variation for
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Arvicanthis is relatively narrow (31.12-32.25%) compared
to the neocortical surface area (Fig. 12d; Table 2). Com-
pared to body mass, the paleocortical surface area ratio is
lower in both specimens of Ca. bravoi (0.08-0.09%) and
in the two other insular species Cr. schadenbergi and Ph.
cumingi (0.03—0.09%) in comparison to the mainland taxa
(0.20-0.58%; Fig. 13d; Table 2).

Principal component analysis

Based on the linear measurements, the first two princi-
pal components of the PCA explain 94.7% of the total
variation (Fig. 14a; Online Resource 1: Table S2). All
variables contribute positively to PC1 (Online Resource
2: Fig. Sla), which suggests that this component can be
interpreted as a size axis. The results of this PCA show
a group with the giant insular taxa displaying the highest

values of all measurements, and a second group including
mainland taxa exhibiting lower values (Fig. 14a). Because
this PCA only shows differences in size, we used ratios
of these measurements to characterize actual proportional
differences (Table 2).

The PCA of the ratio measurements (Fig. 14b) shows a
different pattern. The first two principal components explain
74.7% of the total variation (PC1: 48.3% and PC2: 26.4%;
Online Resource 1: Table S3). For PC1, the variables CLW/
TL, CRML/TL and OW/CRMW have strong positive load-
ing values (Fig Slb). In PCI1, the specimens with high
positive PC values tend to have relatively longer cerebel-
lum width (CLW), cerebrum maximal length (CRML), and
olfactory bulb width (OW; Online Resource 2: Fig S1b). For
PC2, OH/CRMH and OL/TL have positive loading values
and CLML/TL has a negative loading value, so specimens
with high PC values tend to have relatively longer olfac-
tory bulb height (OH) and olfactory bulb length (OL) but
smaller cerebellum maximal length (CLML). The reverse
is true for specimens with negative values on PC2 (Fig.
14b). The specimens of Arvicanthis species are close to
one another in the morphospace, suggesting the same ratios
and limited variation within this genus (Fig. 14b). We note
that Ca. bravoi, Cr. schadenbergi, and Ca. tamarani have
positive values along the PC1, meaning a relatively longer
cerebrum, wider cerebellum and wider olfactory bulbs as
compared the other taxa (Fig. 14b; Online Resource 2: Fig
S1b). Also, Ca. bravoi has a relatively longer cerebrum
and broader olfactory bulbs dorsoventrally in comparison
to Ca. tamarani on PC1 (Fig. 14b; Online Resource 2: Fig
S1b). On PC1, Ca. tamarani is closer to Arvicanthis than
Ca. bravoi, while on PC2, this species shows the highest
value among all taxa (Fig. 14b). Overall, this position in
the morphospace suggests that Ca. tamarani has relatively
mediolaterally smaller olfactory bulbs and an anteroposte-
riorly shorter cerebrum than C. bravoi. Additionally, Ca.
tamarani has a cerebellum that is mediolaterally longer, but
anteroposteriorly shorter compared to other taxa.

Discussion

Intra- and interspecific variation in Canariomys and
close relatives

In terms of morphological variation, we notice a higher
intraspecific variation within Ca. bravoi compared to the
variation within 4. niloticus. Additionally, there is also more
variation within the genus Canariomys than within Arvican-
this (Online Resource 1: Table S4). Notably, the shape and
proportions of the olfactory bulbs, as well as the cast of the
superior olfactory sinus size, vary substantially between Ca.
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Fig. 12 Boxplots of different brain region ratios in relation to brain
size for Canariomys and other murines (%). a. Olfactory bulb volume
ratio; b. Petrosal lobule volume ratio; ¢. Neocortical surface area ratio;

bravoi and Ca. tamarani. In contrast, Arvicanthis displays
more uniform olfactory bulbs and superior olfactory sinus
sizes (Table S4). The same is true for other casts of sinuses
and nerves, including the number of hypoglossal foramina,
the definition of the transverse canal, and the orientation of
the alisphenoid canal between Ca. bravoi and Ca. tamarani
(Online Resource 1: Table S4). Regarding size variation, our
results show that the relative size of the brain of the three
specimens of Canariomys are within the range of Arvican-
this; however, we observe that Canariomys has a lower EQ
than its closest extant relative, 4. niloticus. Our results dif-
fer from Blanco-Lapaz (2005, 2007), who did not notice a
decrease in relative brain size in Canariomys in comparison
to a sample of different murid genera, including Arvicanthis.
In his work, there were no specific comparisons made with
either Arvicanthis or A. niloticus.
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d. Paleocortex surface area ratio. The extremities of the boxplot cor-
respond to the minimum and maximum values in all boxplots

Phenotypic variability has been shown to potentially
be stronger in island settings (Baeckens and Van Damme
2020). Therefore, we expect a higher variability in Ca. bra-
voi than in A. niloticus and by extension, a higher variation
within the genus Canariomys than within the genus Arvi-
canthis. First, there is overall more relative variation in the
linear measurements in Ca. bravoi in comparison to the A4.
niloticus (Online Ressources 2: Fig. S2a). A similar pat-
tern is also present for the neocortical surface area ratios
(Fig. 12c). This is also the case between Canariomys and
Arvicanthis with the linear and volumetric relative mea-
surements (Online Ressources 2: Figs. S2b; Fig. 12). Sur-
prisingly, the relative size variation of the olfactory bulbs
is much lower in Ca. bravoi in comparison to A. niloticus.
The same is true and even more pronounced when compar-
ing both genera with each other (Fig. 12a). High variability
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could be the result of low selective pressures in Arvican-
this for olfaction, while there may have been more selective
pressures on the olfactory bulbs of Canariomys. This may
suggest that the sense of smell became less crucial and was
negatively selected in Canariomys. However, we note some
limitations to these interpretations. We only have two data
points for Ca. bravoi and one for Ca. tamarani. Therefore,
we remain cautious about our findings related to intraspe-
cific, interspecific, and intrageneric variations. Additionally,
the specimens of Ca. bravoi come from different localities
that might differ in age (i.e., Cueva de la Palomas and Cueva
del Viento). The age of Cueva de las Palomas is unknown,
but could be equivalent to the age of Cueva del Viento,
which is ca. 12,000 cal BP.
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We observe no clear morphological differences between
the two specimens of A. niloticus, except for the hypophy-
seal fossa that is more expanded in one of them. Arvicanthis
niloticus and A. abyssinicus, which can be discriminated
using genetic data (Bryja et al. 2019; Renom et al. 2021),
exhibit very similar brain endocranial morphologies. Based
on previous work (Monadjem et al. 2015; Wilson et al.
2017), A. abyssinicus is endemic to Ethiopia and can only
be distinguished from A. niloticus by chromosome number.
Regardless of its geographical distribution, morphology
cannot be used to discriminate between these two species. In
contrast, 4. neumanni appears to have a different morphol-
ogy of the olfactory bulbs, an absence of transverse canal,
and only one hypoglossal nerve. Additionally, A. neumanni
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Fig. 14 a. Plot of the first two
principal components based on
the endocranial linear measure-
ments. b. Plot of the first two
principal components based on
the ratio of endocranial linear
measurements. For Ca. bravoi
and A. niloticus, the average was
calculated and is represented by
a larger symbol for both taxa on
the plot
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has the smallest neocortical surface area ratio of all the con-
sidered Arvicanthis species (Fig. 12¢). The olfactory bulb
volume ratio of 4. neumanni is much higher than in both
specimens of A. niloticus (Fig. 12a). Arvicanthis neumanni
was misidentified as 4. niloticus by Michaux et al. (2012),
but our results for the brain endocast show evidence that 4.
neumanni belongs to a distinct species. Overall, the brain
endocast could potentially be used as a diagnostic criterion
to differentiate A. neumanni from A. niloticus in future stud-
ies. However, our sample size is limited, and this hypothesis
should be tested with a higher number of specimens.

Canariomys tamarani presents morphological states of
the brain endocast that are either similar to Ca. bravoi or
to Arvicanthis. For instance, similarly to Arvicanthis, the
olfactory bulbs are ovoid, the anteromedial boundaries
of the cerebral hemispheres are round, the superior sagit-
tal sinus is clearly defined, the transverse canal is not well
defined, and the caudal rhinal vein and sigmoid sinus are
ventrally positioned in comparison to Ca. bravoi. In con-
trast, morphological features that are only present in speci-
mens of Canariomys include a wider superior olfactory
sinus, a canal of the buccinator and masseteric nerves, and a
larger sigmoid sinus (Online Resource 1: Table S4). Finally,
the position of the olfactory bulbs in relation to the cheek
toothrow is intermediate in Ca. tamarani (M1-M2), while
Ca. bravoi (M2) and Arvicanthis (M1) present one of the
two conditions (Online Resource 1: Table S4). From these
results, we can hypothesize that Ca. tamarani might display
an overall less derived morphology than Ca. bravoi. This
is in agreement with data from dental morphology, which
show that Ca. tamarani is more similar to A. niloticus than
Ca. bravoi, the latter showing a more derived morphology
(Casanovas-Vilar and Lujan 2022). Canariomys tamarani
may be a more basal species to Ca. bravoi, but this hypoth-
esis needs to be rigorously tested, and unfortunately, doing
so will be challenging since no information on the age of
Ca. tamarani is available. It is also possible that the two
species derived from different dispersal events, in which
case inclusion within the same genus would be questionable
(see Casanovas-Vilar and Lujan 2022).

Brain regions and reduction of senses in Canariomys

Our results show that the relative brain size of Ca. bravoi
is in the low range of Arvicanthis and only overlaps with
A. neummani. Canariomys tamarani has a larger relative
brain size than Ca. bravoi, but it is still smaller than the two
species of A. niloticus. Since Canariomys is more closely
related to A. niloticus than any of the other Arvicanthis spe-
cies, we can hypothesize that there is a decrease in relative
brain size in Canariomys. Previous studies have shown that
insular species generally display a reduction in relative brain

size compared to mainland relatives (Kohler and Moya-Sola
2004; Palombo et al. 2008; Quintana et al. 2011; Csiki-Sava
et al. 2018; Lyras 2018; Liakopoulou et al. 2024). Because
the brain is already metabolically expensive to maintain, the
energy that is not used by the brain can be re-allocated to
the rest of the body. This might in turn lead to an increase in
body size and a decrease in relative brain size. A similar pat-
tern has been observed in early placental mammals that sur-
vived the end-Cretaceous extinction (Bertrand et al. 2022).

Additionally, when compared to Arvicanthis, the olfac-
tory bulbs and the paleocortex of Ca. bravoi are relatively
smaller compared to both brain and body sizes, and the
olfactory bulbs are relatively smaller to the body size for
Ca. tamarani (Table 2). Reduction in olfaction has been
found in other insular mammals with choanae (posterior
nasal aperture) being reduced in the giant insular rabbit
Nuralagus rex from Minorca (Quintana et al. 2011). This
reduction in olfaction could be related to a decrease in
predation threat because of the increase in body mass of
Canariomys (Fig. 15). Previous work has shown that small
mammals rely on olfactory cues to detect the presence of
predators (Brinkerhoff et al. 2005). In Gran Canaria, fossils
from four different birds of prey have been found including
Buteo buteo (Common buzzard), Accipiter nisus (Eurasian
sparrowhawk), Falco tinnunculus (Common kestrel), Tyto
sp. (Owl). On Tenerife, only the remains of B. buteo and A.
nisus have been recovered (Sanchez Marco, 2010). These
different predatory birds do not hunt prey that are more than
250 g (Perrin 1982; Korpiméki 1985; Selas 1993; Selés et al.
2007), which is well below the body mass of Canariomys.

We also considered diet as a factor that may have
impacted the size of the olfactory bulbs in Canariomys. The
diet of Arvicanthis is currently debated. Based on stom-
ach content and faecal matter, Arvicanthis may ingest 5%
to 40% of animal matter and therefore has been described
as omnivore (Taylor and Green 1976; Delany and Monro
1986; Rabiu and Fisher 1989). More recently, two stud-
ies concluded that Arvicanthis had a stricter herbivorous
diet based on stomach content and isotope analyses (Tay-
lor and Green 1976; Bergstrom 2013). It is likely that the
diet of Arvicanthis changes seasonally and that plants might
be favoured during the dry season, while animal matter is
consumed in the rainy season (Wilson et al. 2017). Regard-
ing the diet of Canariomys, based on microwear analysis,
mandibular geometric morphometrics, §'°N and §'°C stable
isotopes, Ca. bravoi preferentially consumed C; vegetation,
most likely leaves, fruits or seeds (Bocherens et al. 2003,
2006; Firmat et al. 2010). On the other hand, the relatively
high 8'5N indicates that Canariomys likely ate a significant
proportion of animal matter (Crowley et al. 2019). Based
on these different studies, a dietary shift does not appear to
have occurred between Arvicanthis and Canariomys.
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Fig. 15 Life reconstruction of the rodent Canariomys on the island of
Tenerife made by Jesus Gamarra. Mus musculus, which likely coex-
isted with Canariomys (Rando et al. 2014), is included for scale. The

The covering of the midbrain has been studied in many
mammals (e.g., Edinger 1964) and its degree of exposure
has been linked to the development of the neocortex, which
occurs independently in different clades (Bertrand et al.
2022; Dozo et al. 2023). In rodents and in other mammals, as
the neocortex expands, it tends to cover the midbrain (e.g.,
Bertrand et al. 2017). Therefore, the midbrain is covered
in many recent mammals but exposed in numerous extinct
species (e.g. Orliac et al. 2012; Bertrand et al. 2019, 2020,
2024a, b, 2025; Lopez-Torres et al. 2023). Based on pre-
vious work, the common ancestor of rodents likely had an
exposed midbrain (Meng et al. 2003; Bertrand et al. 2016,
2019). This caudal expansion of the neocortex over the
midbrain has been interpreted as being specifically linked
to the expansion of the occipital lobe where the visual cor-
tex is located (Silcox et al. 2010). Therefore, mammals with
expanded caudal neocortex may have had enhanced vision.
However, it is important to note that there is no easy way to
verify whether that is the case since endocasts only preserve
the surface of the brain. It is possible that other regions of

@ Springer

reconstruction of Canariomys is based on the skull and skeleton pub-
lished by Michaux et al. (2012)

the brain may have expanded, leading to the occipital lobe
to become more caudally positioned in specimens with cov-
ered midbrain.

Canariomys bravoi (TFMCVF873) has an exposed mid-
brain, while this structure is almost completely covered by
the confluence of sinuses (and neocortex) in Ca. tamarani
and in all specimens belonging to Arvicanthis. The condi-
tion in Ca. bravoi (IPS36548) cannot be determined for
certainty. An exposed midbrain can have significant paleo-
ecological implications, but because the colliculi are not
visible (Edinger 1964), it is difficult to justify for a sensory
specialization. The neocortical size of Ca. bravoi is within
the range of variation of Arvicanthis but relative to body
mass, it represents a smaller proportion (Table 2). There-
fore, it is possible that a reduction of the neocortex occurred
in Ca. bravoi (no neocortical data could be generated for
Ca. tamarani) and the visibility of the midbrain is a byprod-
uct and does not represent any sensory specialization. More
specimens of Canariomys are required to better understand
the midbrain exposure variation in this genus. Previous
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research has found intraspecific variation in two different
euarchontogliran groups: the plesiadapiform Microsyops
and the ischyromyid rodent Ischyromys (Silcox et al. 2010;
Bertrand and Silcox 2016).

Relatively large petrosal lobules (in relation to both brain
and body size) have been interpreted to have a role in main-
taining eye and head movements during locomotion and are
present in more active and visually oriented animals, such
as arboreal squirrels and terrestrial/scansorial caviomorphs
(e.g., Bertrand et al. 2017, 2021; Fernandez Villoldo et al.
2023). In contrast, relatively smaller petrosal lobules in aplo-
dontiids have been interpreted as a specialization to a more
fossorial lifestyle (slower locomotion; Bertrand et al. 2018,
2021), but also in Euarchontoglires more generally (Lang et
al. 2022) and in subterranean mammals (Goyens et al. 2022).
Our results show that the island species Ca. tamarani (no
data for Ca. bravoi) and the Philippines rodents Cr. schaden-
bergi and Ph. cumingi have relatively smaller petrosal lob-
ules (in relation to both brain and body size; Table 2) in
comparison to Rattus and Arvicanthis. In terms of locomotor
behaviour, Cr. schadenbergi and Ph. cumingi have both been
described as arboreal, but overall, very little is known about
their ecology (Oliver et al. 1993). Phloeomys cumingi can
live in seriously degraded habitats, including predominantly
agricultural and pastureland. Crateromys schadenbergi is
less tolerant to environmental changes and is restricted to
forested habitats (Oliver et al. 1993). The locomotor behav-
iour of Ca. tamarani is not known, but Ca. bravoi may have
been able to climb and dig based on analyses of postcranial
remains (Michaux et al. 2012). Even if we cannot be certain
of their locomotor behavior, we may hypothesize that, based
on past studies cited above, these different island rodents
moved more carefully through their preferred substrate based
on the relatively small petrosal lobule size. In the future, we
plan to survey a wider range of island species to see whether
this pattern subsists as this is the first study that incorporates
the size of petrosal lobules in island species.

Models for brain evolution in insular mammals

In mammals and birds, relatively larger brains have been
linked to greater “behavioral flexibility” and may represent
an advantage to respond to environmental changes or new
environments (Schuck-Paim et al. 2008; Sol et al. 2008; Sol
2009). However, placental mammals that radiated after the
end-Cretaceous extinction show a faster rate of evolution
in body mass than in brain size, leading to a decrease in
relative brain size (Bertrand et al. 2022). The same authors
hypothesized that because of low competition for resources
during the Early Paleocene, increasing brain complexity
was not necessary and could have even been detrimental.
Similarly, here, we do not observe an increase in relative

brain size in Canariomys. Additionally, Ca. bravoi has a
relative brain size in the very low range of variation of Arvi-
canthis and both Canariomys species have lower EQs than
their sister-clade A. niloticus. As previously discussed, this
decrease in relative brain size might be linked to a decrease
in the olfactory bulbs and potentially of the paleocortex that
is also linked to the sense of smell. Indeed, the cerebrum
volume in relation to body mass in Canariomys is lower
than in A. niloticus (Table 2). In relation to body mass, the
neocortex and the paleocortex sizes of Canariomys are both
below those of A. niloticus. A low level of interspecific
competition has been found on islands (Lomolino 2005).
This may have favoured the evolution of forms that did not
require significant behavioural adaptations and may have
led to a decrease in brain regions related to olfaction and the
integration of senses.

The Philippines rodents Cr: schadenbergi and Ph. cumingi
also show a reduction in the same brain regions (olfactory
bulbs, petrosal lobules, neocortex, and paleocortex) in com-
parison to Rattus, which would suggest an “island effect”
on the brain of rodents. Similar patterns have been observed
in other mammals. Nuralagus rex, an insular endemic lago-
morph from Late Neogene karstic deposits of Minorca
(Balearic Islands, Spain), shows a reduction of the tympanic
bullae, orbits, choanae, and braincase (Quintana et al. 2011).
These authors concluded that this giant lagomorph had a rela-
tively smaller brain compared to its mainland relatives, which
they interpreted as a reduction of associated sensory organs
responsible for audition and vision. The same pattern may
be present in the endemic bovid Myotragus, from the Plio-
Pleistocene deposits of Majorca (Spain), and the Cretan deer
Candiacervus. They both show a reduction of relative brain
size of 45-50% in Myotragus balearicus (Kohler and Moya-
Sola 2004; but only 17% when compared to contemporane-
ous Late Miocene taxa Liakopoulou et al. 2024) and 13-22%
in Candiacervus compared to extant close relatives (Palombo
et al. 2008). This relative reduction of the brain was accom-
panied by a reduction of the orbits and motor-related brain
areas. These neurosensory changes have been associated with
predator-free insular environments (Palombo et al. 2008).
Some other studies have found different results. Despite find-
ing areduction in relative brain size in the islander Cretaceous
multituberculate, Litovoi tholocephalos from Romania, rela-
tively larger olfactory bulbs and petrosal lobules were found
compared to its mainland relatives, which was interpreted as
an increase in sensory acuity (Csiki-Sava et al. 2018). How-
ever, no comparisons were made in relation to body mass. In
contrast, Lyras (2018) showed that dwarf elephants (e.g., the
Middle Pleistocene Sicilian dwarf elephant, Palaeoloxodon
falconeri) and hippos displayed an increase in EQ compared
to closely related mainland taxa. This study did not specifi-
cally look at sensory changes.
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Conclusions

In this study, we described the brain endocasts of two
specimens of Ca. bravoi and one of Ca. tamarani from the
Canary Islands. We made comparisons with three differ-
ent species of Arvicanthis, its closest continental relative.
We show that the intraspecific endocranial morphologi-
cal and size variation within the insular Canariomys is
higher than within the mainland Arvicanthis, although the
specimens belonging to Ca. bravoi might be of different
ages and more data are needed to confirm this hypothesis.
If these specimens are of similar age, this would support
previous studies that have shown that phenotypic variabil-
ity is higher on islands (Baeckens and Van Damme 2020).
We find evidence for differentiating A. neumanni from A.
niloticus based on endocranial anatomy. As previous stud-
ies have struggled in finding morphological differences
between these two species (Michaux et al. 2012), we sug-
gest that using endocranial features may help in diagnosing
morphologically similar species. Our results show that Ca.
tamarani could have retained more plesiomorphic features
present in Arvicanthis compared to Ca. bravoi, as previ-
ously suggested based on dental morphology (Casanovas-
Vilar and Lujan 2022).

We found that the relatively small size of the olfactory
bulbs in both species of Canariomys and paleocortex in Ca.
bravoi, might be related to a decrease in predation pres-
sure on the island in comparison to mainland Arvicanthis.
The birds of prey on Tenerife and Gran Canaria are spe-
cies that eat smaller preys (Sanchez Marco 2010). Based
on our results, the common ancestor of Canariomys and
Arvicanthis likely had a covered midbrain and Ca. bravoi
(TFMCVF873) displays a derived condition that might be
due to the reduction of the neocortex. We also find that all
island rodents including Canariomys, Cr. schadenbergi and
Ph. cumingi show a reduction in the relative size of the
petrosal lobules, which indicates that these mammals may
move more carefully in their preferred substrate. Previous
research has shown that relatively small petrosal lobules are
found in species that move slowly or live partially or fully
underground (Bertrand et al. 2021; Goyens et al. 2022; Lang
et al. 2022; Fernandez Villoldo et al. 2023). In the future,
one of our goals is to increase the sample of island species
to see if this is a prevalent pattern and look for possible
interpretations.

Our results show that no increase in relative brain size
in Canariomys was linked to living in this new insular
environment in comparison to its mainland relative Arvi-
canthis. Previous work has hypothesized that increase
in brain size and “behavioral flexibility” occurred as a
response to a change in environmental conditions or the
exposure to a new environment (Schuck-Paim et al. 2008;
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Sol et al. 2008; Sol 2009). Instead, we find a decrease in
relative brain size that might be linked to low competition
for resources, as previously found for placental mammals
that survived the end-Cretaceous extinction (Bertrand et
al. 2022). This decrease resulted from a decrease in diverse
senses via the reduction in specific brain regions (i.e.,
olfactory bulbs, petrosal lobules, paleocortex, and neo-
cortex). Previous studies on other island mammals have
also found a reduction in various senses, including vision
and audition as well as in locomotor functions (Kohler
and Moya-Sola 2004; Palombo et al. 2008; Quintana et
al. 2011). Ultimately, we add new evidence to suggest that
living on islands has a strong influence on the morphology
of the brain and on the size of different brain regions and
associated behaviours.
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