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Abstract

Understanding the relationship between species diversity and morphological disparity in
evolutionary radiations is a major challenge in macroevolution. Caviomorpha diversified in the
Americas, and the sister clades Octodontoidea and Chinchilloidea (including spiny rats and
chinchillas, respectively) provide a striking example of imbalanced evolution. These clades vary in
diversity with 195 extant species in the former and six extant species in the latter. However,
fossils document a higher past diversity and disparity in Chinchilloidea, including the largest
rodents that ever existed. We combine data from extant and extinct species to evaluate how
evolutionary dynamics shaped their contrasting diversity and disparity patterns. We inferred a
phylogeny including 149 extant and 52 extinct species, and used craniodental traits and body
mass to infer morphological evolution. Our results indicate that the most recent common ancestor
of Chinchilloidea and Octodontoidea lived during the late Eocene (~36.5 Ma). The inferred
ancestral body mass was small (~187 gr), but grew in range over time in Chinchilloidea. Although
rates of morphological evolution in Chinchilloidea were significantly higher than in Octodontoidea,
these clades shared similar diversity trajectories until an Oligocene turnover event.
Octodontoidea then began increasing diversity until the present, whereas Chinchilloidea diversity
stagnated and dropped in the late Miocene and Pleistocene. Neogene and Quaternary extinctions
in Chinchilloidea reversed a pattern of relative higher disparity than Octodontoidea that had lasted
for ~30 million years. We show a case of remarkable decoupling between diversity and disparity,
highlighting complex relationships between ecomorphology, species richness, and how they were
affected by extinctions.

Significance Statement

Caviomorpha includes two closely related rodent groups that diversified in South America.
Octodontoidea and Chinchilloidea (including spiny rats and chinchillas, respectively). Although
Octodontoidea species diversity is 32-fold higher than Chinchilloidea, fossils document higher
past diversity and morphological variation in the latter, including the largest rodents that ever
lived. We combined data from extinct and living species and used phylogenetic comparative
methods to study their diversity and morphology evolutionary dynamics. We found higher rates of
morphological evolution in Chinchilloidea. The groups show similar diversity until an Oligocene
turnover event. Subsequently, Octodontoidea diversity was higher. Recent extinctions reversed a
long-term pattern of higher morphological variation in Chinchilloidea. These results show how
complex interactions shape the diversity and morphological evolution in evolutionary radiations.

Main Text
Introduction

Understanding the relation between species diversification and morphological variation (hereafter
disparity) in evolutionary radiations is a major challenge in macroevolution and paleobiology (1,
2). Eco-evolutionary models make predictions on the relationship between species richness
(hereafter diversity) and disparity. In adaptive radiations, a rapid diversification is accompanied by
ecological and morphological differentiation (3, 4), whereas in non-adaptive radiations clades
diversify with minimal ecological and morphological differentiation (5, 6). Studies on a range of
different taxa have yielded contrasting results, with some finding patterns of diversity and
disparity in evolutionary radiations to be coupled (e.g., 7, 8) and others finding them to be
decoupled (e.g., 9-11).

Incorporating fossil information to the study of biological radiations is key, as they document
diversification dynamics and morphological evolution in deep time. The fossil record has served
to clarify the relationship between diversity and disparity in evolutionary radiations of several
clades, also finding contrasting results of coupling and decoupling on different taxa (e.g., 10, 12—
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14). While studies of major radiations of different clades and geographic regions are required to
elucidate the general patterns of diversity and disparity dynamics, a powerful opportunity is to test
the evolutionary patterns in sister clades that radiated in the same geographic region and may
help reveal the underlying evolutionary processes, by removing many confounding effects such
as different evolutionary pressures in different regions.

Sister clades can show striking imbalances in diversity (15, 16). Empirical phylogenetic trees are
more imbalanced than predicted by simple macroevolutionary models (16, 17). Simulations and
empirical data suggest that tree imbalance can be driven by differences in age-dependent
speciation, stochastic population-level processes, and the appearance of key innovations (17—
20), among other potential causes. Sister clades may also follow different patterns of
morphological evolution (21).

One clade that could help illuminate the relationship between diversity and disparity is the
Caviomorpha. This highly diverse clade of rodents is endemic to the Americas, including the
Caribbean islands. It has a rich fossil record that is informative of the major pathways of its
evolution (22). Caviomorphs are recorded in the fossil record in South America since at least the
late Eocene—early Oligocene (~36 — 30 Ma), and presumably arrived to the continent through
rafting from Africa (23-25). Subsequently, caviomorphs radiated throughout South America and
by the late Oligocene (~27—-23 Ma) they were highly diverse, with representatives of the main
extant clades already evolved (22, 25, 26). The caviomorph radiation is therefore a suitable
system to study patterns and processes of diversification and morphological evolution thanks to
their rich fossil record, high taxonomic and ecological diversity, and phenotypic disparity (22, 27—
30).

Extant caviomorphs are grouped in four clades which are well supported by molecular and
morphological data: Caviodea, Chinchilloidea, Erethizontoidea, and Octodontoidea (26, 28, 31,
32). The Octodontoidea (spiny rats, tuco-tucos, degus, hutias, and related species) and
Chinchilloidea (chinchillas, pacaranas, and their related species) are sister clades, which
diverged early in the caviomorph radiation (22, 26, 28, 32, 33). The abundant fossil record of
Octodontoidea documents its evolution and past diversity (e.g., 34—38). Octodontoidea is highly
diverse today, including 195 extant species, and it is widely distributed in the Americas and the
Caribbean islands (30, 33, 39-41). The clade includes arboreal, burrowing, terrestrial, and
semiaquatic forms with different diets (29). The Octodontoidea exhibit important morphological
variation (36, 42, 43), and includes large species such as the Capromyidae in the Caribbean
islands (44, 45). However, the clade displays a narrower range of disparity (e.g., variation in body
mass) in comparison with other caviomorph clades (28).

In contrast to the current high diversity in Octodontoidea, Chinchilloidea is represented today by
only six species with most of its extant species found in the Andes (30, 40, 41). However, the
fossil record documents a higher past diversity and morphological variation within the clade (e.g.,
22, 46-52). Fossil Chinchilloidea also have remarkable disparities, including species that reached
giant sizes, with body mass estimates of about 150 to 500 kg (Phoberomys pattersoni,
Josephartiasia monesi 53-56), while a chinchilla weighs about 400 gr. Chinchilloidea also
includes the Heptaxodontidae, a group of large extinct caviomorphs recorded during the
Quaternary in the Caribbean islands (26, 57—60) (but see [58, 60] on alternative hypotheses of
the relationships of Elamodostomys).

Here, we study the dynamics of diversity and disparity that led to the diversity imbalance of sister
clades in caviomorphs. We combine data from extant and extinct species of Octodontoidea and
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Chinchilloidea to evaluate how their diversification dynamics led to the current imbalance in
species diversity and morphological evolution.

Results

We performed a time-calibrated phylogenetic analysis for living and fossil Octodontoidea and
Chinchilloidea using molecular and morphological data. The inferred relationships among extant
species are well supported (bootstrap node support of the families and main clades >0.90; Figs.
S1-S2) and consistent with previous studies regarding the interrelationships of extant clades
(e.g., 32, 39). The total evidence phylogenetic analysis indicates an early Oligocene origin for
crown Octodontoidea and Chinchilloidea, with an age of origin of 31.6 Ma (Cl = 28.7 — 35.8 Ma)
for crown Octodontoidea and 32.4 Ma (Cl = 30.1 — 35.2 Ma) for crown Chinchilloidea (Fig. S3).
The age of the Octodontoidea + Chinchilloidea obtained from an independent analysis of the
fossil record using a Bayesian Brownian bridge model (61) indicated a late Eocene origin, with a
mean of 36.5 Ma (95% credible interval [CI] = 33.0 — 40.8 Ma) (Fig. S4).

We determined disparity through time, by analyzing the evolution of body mass of extinct and
extant Octodontoidea and Chinchilloidea using phylogenetic comparative methods. The ancestral
body mass of Chinchilloidea + Octodontoidea was small, with a mean estimate of ~187 gr (Cl =
120 — 305 gr). The two clades had similarly small body mass at their origin but subsequently
Chinchilloidea showed a higher body mass range through time (Fig.1A, D), it reached the highest
body mass values in the Pliocene and Pleistocene (5.3 — 0.012 Ma) and decreased towards the
present (Fig. 1A, D; S5A). In contrast, Octodontoidea body mass remained relatively stable
throughout the Paleogene and Neogene, reaching its largest body mass range at the present
(Fig. 1; S5).

The estimated rate of body mass evolution was about 4.3 times higher in Chinchilloidea
compared with Octodontoidea (Fig. 1B; S5B). We found support for a positive trend towards
higher body mass in Chinchilloidea (posterior probability: 0.93), but did not find evidence for a
trend in Octodontoidea (Fig. 1C, Table 2). These results and overall patterns in body mass
evolution where consistently inferred even under models without a trend parameter (Figs. 1; S5).

We estimated diversity trajectories and net diversification rates of Chinchilloidea and
Octodontoidea to identify how and when the diversity imbalance unfolded. We used lineage
through time plots to quantify the diversity dynamics of the two clades. The diversity trajectories
of Chinchilloidea and Octodontoidea were similar during the Paleogene. The diversity of both
clades increased since their origin until the early Oligocene (~30 Ma), when a decrease in
species diversity is observed in both clades (Fig. 2A). Subsequently, Octodontoidea showed a
trend of increasing diversity, which continues until the present, whereas Chinchilloidea diversity
stagnated, and showed two periods of diversity decrease, during the late Miocene and in the
Pleistocene (Fig. 2A).

We inferred the diversification dynamics by estimating the rates net diversification (origination
minus extinction) for each clade under a piecewise-constant fossilized birth death process (62).
The diversification dynamics of Chinchilloidea and Octodontoidea were similar during the
Paleogene and differed in the late Miocene and Quaternary (Fig. 2B). The diversification rates of
both clades were high in the Eocene (0.28 [Cl= -0.08 — 0.74] for Octodontoidea and 0.31 [CI = -
0.01 — 0.69] for Chinchilloidea) and decreased in the Oligocene to 0.04 [Cl=-0.12 — 0.21] in
Octodontoidea and -0.01 [CI = -0.16 — 0.14] in Chinchilloidea. Octodontoidea showed higher
diversification rates than Chinchilloidea during the late Miocene (0.12 [CI=-0.04 — 0.28] vs. -0.24
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[Cl =-0.60 — 0.10]) and the difference further increased in the Quaternary (3.45 [Cl=2.86 — 4.13]
for Octodontoidea and 1.97 [CI = 0.72 — 3.49] for Chinchilloidea) (Fig. 2B).

We inferred morphospace occupation using body mass and cranial trait data of living species of
the two clades (Fig. 3). Although extant Octodontoidea occupied a larger area of the
morphospace than Chinchilloidea, when we accounted for the differences in species diversity
through random subsampling, the morphospace occupancy of Chinchilloidea was not statistically
different from that of Octodontoidea (Fig. 3B-C). Despite the differences in current species
diversity between Chinchilloidea and Octodontoidea, the former clade occupies a considerable
portion of the cranial morphospace in comparison with the latter (Fig. 3).

Discussion

We evaluated the relationship between diversity and disparity between two major sister clades
(Octodontoidea and Chinchilloidea) of caviomorphs that radiated in South America, combining
data from extinct and extant species. We found higher rates of morphological evolution in
Chinchilloidea, whereas Octodontoidea showed higher diversification rates that led to the current
imbalance in species diversity between the two clades. Despite having a higher disparity,
Chinchilloidea showed a lower diversity than Octodontoidea during most of their evolutionary
time. Late Neogene and Quaternary extinctions in Chinchilloidea disproportionally reduced its
morphological disparity.

Diversification dynamics

Our results indicate that the clade Octodontoidea + Chinchilloidea originated in the late Eocene
(~36.5 Ma), shortly after the arrival of caviomorphs to South America. The oldest fossil records of
caviomorphs on the continent are at least early Oligocene in age (25), but possibly as old as the
Eocene-Oligocene transition (23, 24). Fossils provide a minimum age, and our estimates of late
Eocene origin of Octodontoidea + Chinchilloidea are in agreement with recent estimates of
middle Eocene origin of crown Caviomorpha (25). The diversity curves and diversification rates
were similar for Octodontoidea and Chinchilloidea during the Paleogene (Fig. 2). The lineage
through time plot showed that the diversity of both clades decreased in the early Oligocene,
which likely reflects a faunistic turnover event in the mammalian fauna of South America known
as the Patagonian Hinge and driven by global cooling (63).

The stark difference in species diversity of extant Octodontoidea and Chinchilloidea is the result
of contrasting diversification dynamics during the Neogene (Fig. 2). Since the second half of the
Oligocene, Octodontoidea diversity increased until the beginning of the Miocene, which
corresponds to a diversification pulse of lineages in southern South America (38). Subsequently,
Octodontoidea diversity steadily increased from the middle Miocene to the present (Fig. 2A), with
the appearance of several modern lineages in the late Miocene (38). Octodontoidea showed two
time periods with higher diversification rates compared to its sister clade, the late Miocene and
the Quaternary (Fig. 2B). The higher diversification rates of Octodontoidea are possibly
associated with important environmental changes and geologic events in South America, such as
the central and northern Andean uplift during the Neogene (64, 65). The spiny rats (Echimyidae,
Octodontoidea) experienced dispersal and vicariant events among different biogeographic
regions which impacted the diversification of the group (39, 66, 67).

The higher diversification of Octodontoidea could be also related to dispersal and subsequent
diversification in other continental regions during the Neogene. The clade has a wide
geographical distribution, including lineages that colonized tropical Central America (Echimyidae)
(33), as part of the Great American Biotic Interchange (68). Biogeographical studies based on
molecular data estimate that the hutias (Capromyidae, Octodontoidea) dispersed to the
Caribbean islands during the early to middle Miocene (39, 59), likely spurring additional
diversification.
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The fossil record documents a higher diversity of Chinchilloidea in the past compared with their
modern diversity of six species (22, 52). The lineage through time plot indicated that the species
diversity of the clade remained relatively low during most of the Neogene and Quaternary (Fig
2A). After the diversity dropped in the early Oligocene, the Chinchilloidea diversity stagnated and
remained low in comparison to Octodontoidea (Fig. 2A). The low diversification rates of
Chinchilloidea during the late Miocene reflects the extinction of lineages that reached gigantic
sizes within Dinomyidae and Neoepiblemidae (52, 56). Neoepiblemidae is an extinct clade of
giant caviomorphs that has a rich fossil record in tropical South America (46, 69). Based on
sedimentary and morphological features, it has been proposed that at least some neoepiblemid
taxa (e.g., Phoberomys) were semi-aquatic (53, 55, 70). The drivers of the Neoepiblemidae
extinction are not fully understood, but it is possible that landscape changes related with the
evolution of the Amazonian drainage system during the late Neogene (71-73) contributed to the
extinction of tropical neoepiblemids. The uplift of the central and northern Andes and the
associated climatic and hydrographic changes in tropical South America have been associated
with extinctions of aquatic vertebrates, such as crocodiles (74, 75). Additional extinctions of giant
Chinchilloidea lineages occurred in the Quaternary, with the extinction of the giant hutias in the
Caribbean islands, possibly caused by humans (26, 57, 58, 76). As result of the late Neogene
and Quaternary extinctions, Chinchilloidea is today a species-poor clade, with only one known
species present in the Amazon (the pacarana) and five species restricted to the Andes (30).

Morphological evolution

The analysis of body mass evolution showed that the ancestral body mass of Octodontoidea +
Chinchilloidea was small (~187 gr). Subsequently, Chinchilloidea evolved a high range of body
mass in comparison with Octodontoidea, with a trend of increasing size, and some lineages
reached giant sizes during the late Neogene and Quaternary (Fig. 1). Extant caviomorphs are
characterized by large body mass ranges and high rates of morphological evolution (28).
Chinchilloidea is not the only caviomorph subclade that reached large size. The subclade
Cavioidea also shows high rates of body mass evolution and includes the largest living rodent,
the capybara which can weigh ~50 kg (22, 28).

Body mass increase in mammals is related to niche expansion, ecological specialization, and
reduced competition (14, 77), among other possible factors. The evolution of large caviomorphs
(>40 kg, subclades Chinchilloidea and Cavioidea) from the late Miocene to Quaternary could
have resulted from a niche expansion related to new environmental and climatic conditions where
some of these species lineages were found (e.g., expansion of open environments and drier
climate in southern South America) (22, 28). An increase in herbivore body mass is related with a
capacity to feed on a higher variety of plant parts and a decrease in diet quality (78).
Chinchilloidea large to giant sizes were also reached by the Caribbean giant hutias, representing
an outstanding case of insular gigantism (57).

The high Octodontoidea diversity is the result of steady diversification since the Miocene (Fig. 2).
However, the increase in diversity was not accompanied by high morphological differentiation, in
comparison with Chinchilloidea (Fig. 1). Within Octodontoidea, the tuco-tucos (Ctenomys,
Ctenomyidae) have the highest rates of taxonomic diversification (28). Ctenomyidae is highly
diverse (68 living species [41]), representing 35% of the current Octodontoidea diversity. The
Ctenomys radiation occurred since the late Miocene-early Pliocene (Fig. S4) (28, 33, 38). Extant
Ctenomys have subterranean habits, and occur in well-drained habitats in lowland and montane
habitats of southern South America (79). Several living Ctenomys species have disjunct
distributions and molecular data indicates a rapid and early diversification in the Ctenomys
radiaton (79, 80). Rapid diversification is also observed on pocket gophers (Geomyidae) another
group of fossorial rodents (81). A scenario of rapid diversification with little overlapping
distribution might explain the high diversification with little morphological modification.
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Chinchilloidea showed a high disparity and relative low diversity since early in its evolutionary
history (Figs 1-2), but the late Neogene and Quaternary extinctions drastically reduced the
disparity of the clade (Fig 1D). As result, extant Chinchilloidea shows a much lower disparity
today, to the point that Chinchilloidea and Octodontoidea have comparable disparity when we
account for differences in species diversity (Fig. 3). Thus, the recent extinctions had a
disproportionate effect on the disparity of Chinchilloidea, reversing a pattern of relative higher
disparity in comparison with Octodontoidea that appeared early in their origin (Fig. 1D).

The reason why the large disparity of Chinchilloidea was not accompanied with high species
diversity might be linked to the propensity of the clade to evolve large body sizes. In living
mammals, there seems to be a negative relationship between species diversity and body size
(82, 83). The relative low diversity of large-bodied mammals could also be related to having lower
larger range sizes, population sizes, longer generation times, and/or reduced reproductive output
(18, 84-86).

Taken together, our results revealed contrasting patterns of diversity and disparity evolution for the
sister clades Octodontoidea and Chinchilloidea. Extant Octodontoidea species diversity is 32-fold
higher than the extant Chinchilloidea diversity. The differences in diversity started in the Miocene,
and are due to higher diversification rates of Octodontoidea in the late Miocene and Quaternary. In
contrast, Chinchilloidea shows higher disparity during the Neogene and Quaternary, including
species that reached gigantic sizes. However, post-Pliocene extinctions in Chinchilloidea led to a
drop in disparity in the group and extant Chinchilloidea today occupy a comparable morphospace
area than Octodontoidea.

Conclusion

An imbalance of species diversity between sister clades is common across the tree of life. An
examination of the relationship between diversity imbalance and morphological evolution can
shed light on the mechanisms underlying the relationship between taxonomic and morphological
diversity. Our results indicate that sister groups that evolved in the same region and experienced
similar environmental changes and ecological interactions, exhibit drastically different
diversification and morphological evolution dynamics. Diversity and disparity patterns are
ultimately also shaped by extinctions, which we showed can disproportionally reduce the disparity
of a clade, reversing patterns of morphological evolution that had persisted for millions of years.

Materials and Methods

Phylogenetic analyses

Sequence retrieval and molecular alignment construction

We retrieved all nucleotide sequences available in GenBank for the Caviomorpha subclades
Chinchilloidea and Octodontoidea using the R libraries restez v1.0.2 (87) as implemented within
supersmartR (88), and querying the NCBI taxIDs of genera belonging to those subclades (Table
S2; accessed in April 2022). Sequences were grouped into locus clusters using phylotaR v.1.2.0
(88) and BLAST (89), with the minimum number of species in each cluster set to five and a
minimum MAD score — a measure of sequence length disparity — of 0.4 (90). Taxonomic names
below the species level (e.g., subspecies) were excluded. Each cluster was aligned using MAFFT
(91), its identity corroborated against all vertebrate sequences using BLAST (89), and its gaps
removed using ClipKIT (92) with the kpic-smart-gap model. We concatenated the resulting 49
clusters into two matrices (one mitochondrial and one nuclear) using python (Dataset S3). We
used PartitionFinder2 (93) to find the best substitution and partition model for our data (Table S3),
using the Greedy Algorithm and RAXML (94, 95), branch lengths linked, and the Akaike
Information Criterion (AICc). The molecular alignment included 149 caviomorphs species, six
species representing Chinchilloidea, and 143 species representing Octodontoidea.



OCOoONOOTULEWNE

VOB, DEPREAPEPPRARPRPWWWWWWWWWWNRNNNNNNNNNRRRRRRRRRR
POLONRPOOONOOCUPPWNREROOONOULPAWNEROOONOULPAAWNEROOONOOULDWNEO

Time-calibrated phylogenetic analysis

We undertook a total evidence phylogenetic analyses by combining the molecular alignment with
a morphological matrix of extinct and extant caviomorphs based on Marivaux et al. (2020). For
the morphological matrix, we included the Chinchilloidea and Octodontoidea species scored in
the matrix of Marivaux et al. (2020), plus the closely related Mayomys and Eosallamys. In
addition, because of their relevance to analyses of trait evolution, we included the extinct species
Phoberomys pattersoni and Josephartigasia monesi that represent the largest body mass
reached within Rodentia (53, 54, 56). As Phoberomys and Josephartigasia were not included in
the original character matrix of Marivaux et al. (2020), for the phylogenetic analysis, we set
taxonomical constraints for Phoberomys (constrained within Neoepiblemidae; Rasia et al. 2021)
and Josephartigasia (constrained within Dinomyidae; Rinderknecht & Blanco 2008). The
morphological matrix used in our phylogenetic analysis had 513 morphological characters, and
included 64 species, 52 extinct and 12 extant.

We used the Bayesian Brownian bridge (BBB) model (61) to estimate the age of origin of the
Octodontoidea + Chinchilloidea clade. The BBB model infers the age of origin of a clade based
on its present diversity and fossil record (61). We obtained the extant diversity of Octodontoidea
and Chinchilloidea (201 extant species) from the Mammal Diversity Database v.1.8 (40, 41). For
the fossil taxa, we compiled from the literature the age ranges of the species of Octodontoidea
and Chinchilloidea included in our study (Table S4). Then, we generated 100 replicates of the
fossil species ages. For each replicate, we generated a random age for each fossil species drawn
from a uniform distribution between its maximum and minimum age (Table S4). Finally, for each
replicate we counted the number of species per 1 Ma time bins. After running the BBB analysis,
we fit a gamma distribution to the estimates of age of origin for each replicate, which was used to
set the prior of the age of origin (Fig. S4).

We conducted a Bayesian time-calibrated phylogenetic analysis combining the molecular and
morphological matrices using BEAST2 v.2.6.7 (Bouckaert et al. 2019). The combined matrix
includes 201 species (149 extant and 52 extinct). For time calibration, we used the oldest
(maximum age within the age range) of each extinct species (Table S4). We used the Fossilized
Birth-Death model (97) that models diversification and fossil sampling, and estimates
phylogenetic relationships and divergence times within a single framework. We used one partition
for the molecular data using the GTR + gamma model. The Lewis Mk model was used for the
morphological partition (98). For the age of origin of Octodontoidea + Chinchilloidea clade, we
used the gamma distribution fitted after the BBB analysis (shape = 4.68, rate = 1.043), and an
offset of 32 Ma, the minimum observed origin age in our dataset (Table S4).

We used 1,000,000,000 iterations, sampling every 10,000. We used four chains (three heated,
one cold) with a delta temperature of 0.03, and the coupled Markov Chain Monte Carlo (MCMC)
algorithm (99). We used Tracer (100) for visualization and diagnostics of the MCMC output, and
when summarizing the results, we discarded the first 60% of the samples as burn-in.

Trait data

We took 23 cranial measurements following Wilson (2013) and Tavares et al. (2016, 2018) (Fig.
3; Table S1). We measured 38 extant species, representing 28 of the 42 extant genera, and all
families of Chinchilloidea and Octodontoidea (32). We measured a total of 220 specimens
(Dataset S1), with a caliper to the nearest 0.01 mm. We measured specimens with erupted
molars and low dental wear, scored with individual dental ages (IDAS) 3 or 4 (adult or late adult,
respectively) following Anders et al. (2011). When possible, we measured up to ten specimens of
the same species and used the average values in our analyses (Datasets S1-S2).

We compiled trait data for the extinct and extant caviomorph species included in our analyses.
Body mass of extant species was compiled from the Phylacine database v.1.2.1 (103, 104),
Patton et al. (2015) for Ctenomys ibicuiensis, and Emmons & Fabre (2018) for Toromys
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albiventris. Body mass estimates of extinct species were compiled from the literature (Table S5).
For extinct species without previously reported body mass, dental measurements were taken
from literature to estimate their body mass using the regression equations provided by Millien &
Bovy (2010) (Table S6). We used dental measurements because most fossil specimens consist
of dental remains, and dental dimensions have been suggested as reliable proxies for body mass
estimates in rodents (107).

Trait evolution analyses

We analyzed body mass evolution in a phylogenetic framework using Bayesian inference as
implemented in the fossilBM program (108, 109). The fossilBM algorithm jointly estimates the rate
and trend of trait evolution and the ancestral states for all internal nodes. The rate and trend
parameters can vary among clades (108) and as a function of time (109). We used the fossilized
Brownian motion model with and without trend, to evaluate the presence of positive or negative
trends in the evolution of body mass.

To account for the uncertainty on body mass estimates from fossils, we generated 100 replicates
with a random body mass for each extinct species derived from a normal distribution with
parameters given by the mean body mass estimate and a standard deviation calculated from the
body mass range (maximum and minimum estimates; Appendix 3). For each model (with and
without trend), we ran the analyses for 5,000,000 MCMC iterations sampling every 5,000 and
excluded the first 10% of the samples as burn-in. The analyses were run over a sample of 100
phylogenetic trees to account for topological and dating uncertainties. We summatrized the rate
and trend parameters and the inferred ancestral states by calculating the mean and 95% credible
intervals after combining the output of the 100 replicates.

Diversity and diversification analyses

We constructed lineage through time (LTT) plots for Octodontoidea and Chinchilloidea. We
estimated the number of lineages through time using the ape package v.5.7.1 (110) for the same
100 phylogenetic trees used for the analyses of trait evolution. We calculate the mean and 95%
credible intervals of the number of lineages through time for each clade.

To evaluate diversification dynamics through time, we estimated the net diversification
(origination minus extinction) using the Fossilized Birth-Death (FBD) skyline model (62, 111) as
implemented in BEAST2 v.2.6.7 (96) and following (112). The FBD skyline model jointly
estimates piecewise constant evolutionary rates and fossil sampling from phylogenies. We
estimated diversification rates for each clade using the sample of 100 trees used in all analyses,
for the following time bins: Eocene, Oligocene, early, middle and late Miocene, Pliocene, and
Quaternary (Pleistocene and Holocene).

Morphospace of extant Octodontoidea and Chinchilloidea

We constructed a phylomorphospace (projection of a phylogenetic tree into a bivariate
morphospace) using the phytools package (113). We used the trait data (23 cranial
measurements and body mass) collected for the extant species of Octodontoidea and
Chinchilloidea. We performed a principial components analysis (PCA) using the trait data with the
FactoMineR package (114). Finally, we used the maximum credibility tree obtained from the total
evidence analysis (Fig. S3) pruned to include only the 38 extant species with trait data and we
constructed a phylomorphospace of the two principal components with phytools (113).

Extant Chinchilloidea is species poor (six species, five represented in our trait sample) in
comparison with extant Octodontoidea (196 species, 33 represented in our trait sample) (40, 41).
To account for differences in the number of extant species between the two clades, we
resampled five Octodontoidea species at random from the trait dataset and calculate the area of
the morphospace occupied (the area of the convex hull defined by those species). We resampled
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100 times and calculate the frequency distribution and median of the morphospace area to
compare with the area occupied by the five Chinchilloidea species.

Data availability
All the input and output files of the analyses described below, as well as the associated code are
available in SwicthDrive https://drive.switch.ch/index.php/s/fULTN4t4Sqgf2f1t.
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Figure 1. Patterns of diversification and morphological evolution in Octodontoidea and
Chinchilloidea. A. Phenogram of body mass evolution of extinct and extant lineages. The
reconstruction of ancestral states was estimated with the fossilized Brownian motion model with
trend using a sample of 100 phylogenetic trees, of which one is shown. The phenogram shows
the range of body mass (log transformed) through time for each clade, the dots represent the
extant species, and the colored bars show the range of body mass of extant species of both
clades. The ancestral body mass was similar for both clades, but subsequently Chinchilloidea
shows a higher body mass range through time, reaching the higher values in the Pliocene and
Pleistocene and a decrease towards the present. B. Body mass disparity through time for
Chinchilloidea and Octodontoidea. Disparity was estimated as the variance of body mass of each
clade in time bins of 1 Ma. Notice that Chinchilloidea had a higher body mass variance during
most of the Paleogene and Neogene and only after the Pliocene the variance of body mass of
Chinchilloidea is smaller than in Octodontoidea. C. Violin plots of the of rates of body mass
evolution, with significant higher rates for Chinchilloidea. D. Violin plots of the trend parameter
estimated for both clades. The model provides some support for a trend in body mass evolution in
Chinchilloidea (trend parameter values > 0), but not in Octodontoidea.
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Figure 2. Diversification dynamics of Chinchilloidea (blue) and Octodontoidea (red) through time.
A. Lineage through time (LTT) plot. The solid lines and the shaded areas represent the mean and
the 95% credible interval, respectively, of the number of species (log transformed) trough time for
the sample of 100 phylogenetic trees. The two clades had similar diversity trajectories until the
beginning of the Miocene, when Octodontoidea shows a trend of increasing diversity until the
present, whereas Chinchilloidea diversity stagnate and decrease after the Pleistocene. B.
Diversification through time. Skyline plot showing the diversification rates for each clade
estimated for the sample of 100 trees for the following time bins: Paleogene; Oligocene; early,
middle and late Miocene, Pliocene and Quaternary (Pleistocene and Holocene). Notice the higher
diversification rates of Octodontoidea in the late Miocene and Quaternary. Abbreviations:
Eo=Eocene; OI=0ligocene, Mio=Miocene, Pli=Pliocene, Ple=Pleistocene.
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Figure 3. Morphospace occupation of extant Chinchilloidea (blue) and Octodontoidea (red). A.
Cranial measurements taken on specimens representing extant species, used to estimated
cranial morphospace. Cranium of the plains viscacha (Lagostomus maximus; NMNH 172852) in
ventral (top), dorsal (middle) and lateral (bottom) views. Measurement numbers correspond to
Table S1. B. Frequency histogram of the morphospace occupation (measured as the area of the
convex hull) for 100 subsamples of five species of Octodontoidea (equal to the number of
Chinchilloidea) choose at random. The red line shows the morphospace area of Chinchilloidea (x
= 3.1), and the gray line shows the median of the 100 Octodontoidea subsamples (x = 4.3). C.
Cranial phylomorphospace showing the first two principal components (PC) of the PCA
performed on the cranial and body mass traits of 33 Octodontoidea and five Chinchilloidea extant
species. Notice that Chinchilloidea occupies a considerable portion of the morphospace in
comparison with Octodontoidea, despite having a much lower number of species.
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Table 1. Body mass evolution in Octodontoidea and Chinchilloidea. Rates of body mass (BM)

evolution estimated with the fossilized Brownian motion model with and without trend, where the

latter evaluates the presence of positive or negative trends. The mean likelihood of each model

and the posterior probability of the trend parameter is also presented. Cl = credible interval.

(Chinchilloidea /

Octodontoidea)

No trend BM rates
Mean 95% HDI
Octodontoidea 0.0164 0.0089 - 0.0287
Chinchilloidea 0.0743 0.0265 - 0.1349
BM rates Trend parameter
Trend i
Mean  95% HDI Mean  95% HDI Posterior
probability
Octodontoidea | 0.0163 0.0087 - 0.0283  -0.0063 (-0.0235) - 0.0107 0.2233
Chinchilloidea 0.0719 0.0259 - 0.1280 0.0351 (-0.0093) - 0.0794 0.9391
Ratio
4.8169 0.9337 - 9.1446
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Supporting Materials and Methods

Phylogenetic relationships of extant species. To test the congruence of the phylogenetic
relationships inferred from the molecular alignment we obtained with previous phylogenies of
Caviomorpha, ae used raxmIGUI 2.0 (1) to infer a maximum likelihood phylogenetic analyses of
the extant species of Octodontoidea and Chinchilloidea. The resulting phylogeny (Fig. S1) was
consistent with previous studies on the phylogenetic relationships of caviomorphs (2). An analysis
using one partition (Fig. S2) yielded a topology congruent with the one obtained using the 16
partitions identified with PartitionFinder2 (Fig. S1). To improve the analytical tractability of our
subsequent analyses, we used a single partition for the molecular matrix in the time-calibrated
phylogenetic inference.

Taxonomic constraints for time-calibrated phylogeny. Due to the relative high number of
fossil species included in the Bayesian time-calibrated analyses, we set several taxonomic
constraints in order for the independent runs to converge. We constrained all the fossil species of
the same genus as monophyletic. In addition, we set monophyletic constraints for the following
clades: Abrocomidae (2), Acaremyidae (3-5), Adelphomyidae (5), Capromyidae (2),
Capromyidae + Echimyidae (2), Dinomyidae (5, 6), Neoepiblemidae (7), Chinchillidae +
Neoepiblemidae (5, 7), Octodontidae (2, 5, 8), Octodontoidea and Chinchilloidea (Table S4).

Imputation of cranial trait missing data. Two species for which only one specimen was
available in museum collections to measure had missing data: Geocapromys ingrahami (missing
data for six measurements), and Santamartamys rufodorsalis (missing data for one
measurement). We used the TDIP package (9) to impute the missing data with phylogenetic
imputation methods. We used four different approaches: phylogenetic imputation based on a
Markov model of trait evolution (phylopars), non-parametric random forest (missForest), k-nearest
neighbour (kNN), and multinomial logistic regression (MICE) (9). The four methods generated
similar values for the missing data and for subsequent analyses we used the average of the four
methods.
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Fig. S3. Phylogenetic relationships of extinct and extant Chinchilloidea (shown in light orange)
and Octodontoidea (shown in light green). Maximum clade credibility tree. The numbers show the
clade posterior values larger than 0.5. The red horizontal bars are the 95% highest probability
density intervals for the divergence times. Abbreviations: Eo = Eocene; Ol = Oligocene; Mio =
Miocene; Pli = Pliocene; Ple = Pleistocene; (Holocene not shown). Ma = millions of years.
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Table S1. Cranial measurements taken on specimens representing extant species of

Octodontoidea and Chinchilloidea. Measurements numbers and abbreviations correspond to (10)

and (11, 12) respectively.

Measurement

Wilson (2013)

Tavares et al (2016; 2018)

Length of diastema
Jugal length

Nasal width

Nasal length

Frontal length

Parietal length
Interorbital width

Palatal width

Premaxilla width
Premaxilla length

Skull length
Basisphenoid length
Palatal length
Basisphenoid width
Occipital condyles width
Length of rostrum
Width of mastoids
Width of zygomatic arches
Basilar length

Width of maxillaries on M3
Post-palatal length
Height of braincase

Height of zygomatic plate
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Table S2. Taxonomic list of NCBI Taxids queried in GenBank.

Clade Family Genus NCBI Taxid
Chinchilloidea Chinchillidae Chinchilla 10151
Lagidium 84622
Lagostomus 10153
Dinomyidae Dinomys 108857
Octodontoidea Abrocomidae Abrocoma 108854
Cuscomys 1567516
Octodontidae Aconaemys 183513
Octodon 10159
Octomys 135582
Pipanacoctomys 227729
Salinoctomys 1567519
Spalacopus 61879
Tympanoctomys 61881
Octodontomys 170739
Ctenomyidae Ctenomys 33551
Echimyidae Callistomys 1567506
Carterodon 1567512
Clyomys 176497
Dactylomys 30617
Diplomys 1567521
Echimys 30620
Euryzygomatomys 43324
Hoplomys 176500
Isothrix 30623
Kannabateomys 176502
Lonchothrix 176504
Makalata 490305
Mesomys 30626
Myocastor 10156
Olallamys 1400527
Pattonomys 1567523
Phyllomys 466156
Proechimys 10162
Santamartamys 1568969
Thrichomys 43326
Trinomys 42826
Toromys 1744847
Capromyidae Capromys 34841

12



Geocapromys 1543401
Mesocapromys 1567508
Mysateles 1543404
Plagiodontia 1163664
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Table S3. Partition scheme for phylogenetic analysis as obtained from PartitionFinder2 (13).

Subset

Best Model

Partition names

Subset sites

1
2
3

10
11

12

13

14

15

16

GTR+I+G
GTR+I+G
GTR+G

GTR+I+G
GTR+I+G

GTR+I+G

GTR+I+G

GTR+I+G

GTR+I+G

GTR+I+G
GTR+I+G

GTR+I+G

GTR+G

GTR+G

GTR+G

GTR+G

mtDNA_0
nDNA_19
NDNA_21

nDNA_28, nDNA_96,
nDNA_171, nDNA_217

nDNA_39

NDNA_219, nDNA_42

NDNA_46

nDNA_50

nDNA_57, nDNA_97

nDNA_159, nDNA_134,
nDNA_216, nDNA_59

nDNA_98

nDNA_203, nDNA_138

nDNA_178, nDNA_139,

nDNA_170, nDNA_176

nDNA_179, nDNA_140

nDNA_190, nDNA_160,
nDNA_177

NnDNA 202, nDNA_ 218

1-11925
11926-12628
12629-13439

13440-14276
19041-19877
27166-28031
32026-32372

14277-14536

32933-33850
14537-15465

15466-16334
16335-17070

17071-17952
19878-20573

24849-25880
21577-22429
31177-32025
17953-19040

20574-21576

30460-31176
22430-23403

29145-29700
23404-24331
26633-27165
28032-28364

29701-29961
24332-24848

29962-30190
25881-26632
28365-29144

30191-30459
32373-32932
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Table S4. Age ranges (in millions of years [Ma]) of the extinct species of Chinchilloidea and

Octodontoidea included in the phylogenetic analysis. SALMA = South American Land Mammal

Age.
. Max Min
Species Epoch/SALMA Clade References
Age Age

Eoincamys pascuali 29.6 25 Early Oligocene Chinchilloidea | (14-16)
Eoincamys ameghinoi 29.6 25 Early Oligocene Chinchilloidea | (14-16)
Eoincamys valverdei 29.6 25 Early Oligocene Chinchilloidea | (14-16)
Eoincamys parvus 29.6 25 Early Oligocene Chinchilloidea | (14-16)
Incamys bolivianus 29.4 24.2 Deseadan Chinchilloidea | (17-19)
Scleromys quadrangulatus 19.04 | 175 Pinturan Chinchilloidea | (17, 20, 21)
Scleromys osbornianus 18 15.6 Santacrucian Chinchilloidea | (20, 22)
Scleromys angustus 18 15.6 Santacrucian Chinchilloidea | (20, 22)
Maquiamys praecursor 26.6 | 23.03 Late Oligocene Chinchilloidea | (16, 23)
Microscleromys paradoxalis 135 11.8 Laventan Chinchilloidea | (24, 25)
Microscleromys cribriphilus 135 11.8 Laventan Chinchilloidea | (24, 25)
Drytomomys aequatorialis 135 11.8 Laventan Chinchilloidea | (25, 26)
Potamarchus murinus 11.6 5.3 Late Miocene Chinchilloidea | (27)
Neoepiblema horridula 11.6 5.3 Late Miocene Chinchilloidea | (28)
Garridomys curnunugquem 21 20.1 Colhuehuapian Chinchilloidea | (17, 29)
Eoviscaccia frassinetti 33.6 31.6 Tinguirirican Chinchilloidea | (17, 30)
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Eoviscaccia australis

Perimys intermedius

Draconomys verai

Platypittamys brachyodon

Eosallamys paulacoutoi

Eosallamys simpsoni

Sallamys pascuali

Prospaniomys priscus

Spaniomys riparius

Protadelphomys latus

Willidewu esteparius

Xenodontomys simpsoni

Xenodontomys elongatus

Caviocricetus lucasi

Acaremys murinus

Plesiacarechimys koenigwaldi

Dudumus ruigomezi

29.4

19.04

30.7

29.4

29.6

29.6

294

21

18

21

21

8.9

6.2

21

21

15.7

21

20.1

17.5

29.5

24.2

25

25

24.2

20.1

15.6

20.1

20.1

51

51

20.1

15.6

14

20.1

Deseadan-
Colhuehuapian

Pinturan

Pre-Deseadan

Deseadan

Early Oligocene

Early Oligocene

Deseadan

Colhuehuapian

Santacrucian

Colhuehuapian

Colhuehuapian

Late Miocene

Late Miocene

Colhuehuapian

Colhuehuapian-

Santacrucian

Colloncuran

Colhuehuapian

Chinchilloidea

Chinchilloidea

Octodontoidea

Octodontoidea

Caviomorpha

Caviomorpha

Octodontoidea

Octodontoidea

Octodontoidea

Octodontoidea

Octodontoidea

Octodontoidea

Octodontoidea

Octodontoidea

Octodontoidea

Octodontoidea

Octodontoidea

(17, 30-32)

(17, 21, 33)

(17, 34)

(17, 35)

(14-16)

(14-16)

(17, 36)

(17, 32, 37)

(22, 38)

(17, 32)

(17, 32)

(39, 40)

(39, 40)

(17, 32)

(4)

(41, 42)

(17, 43)
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Galileomys eurygnathus

Sciamys principalis

Neophanomys biplicatus

Pithanotomys columnaris

Deseadomys arambourgi

Adelphomys candidus

Prostichomys bowni

Stichomys regularis
Maruchito trilofodonte

Pampamys emmonsae

Mayomys confluens

Leucokephalos zeffiae

Chambiramys sylvaticus

Chambiramys shipiborum
Borikenomys praecursor

Elasmodontomys obliquus

Amblyrhiza inundata

Phoberomys pattersoni

Josephoartigasia monesi

19.04

18

8.9

4.7

29.4

19.04

19.04

18
15.7

8.9

32.5

29.4

26.6

26.6

29.78

0.774

0.5

11.6

4.0

175

15.6

51

3.7

24.2

15.6

15.6

15.6
14

51

28.3

24.2

23.03

23.03

29.17

0.002

0.079

5.3

2.0

Pinturan

Santacrucian

Late Miocene

Montehermosan

Deseadan

Pinturan-Santacrucian

Pinturan-Santacrucian

Santacrucian
Colloncuran

Late Miocene

Early Oligocene

Deseadan

Late Oligocene

Late Oligocene
Early Oligocene

Pleistocene-Holocene

Middle-Late
Pleistocene

Late Miocene
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Octodontoidea

Octodontoidea

Octodontoidea

Octodontoidea

Octodontoidea

Octodontoidea

Octodontoidea

Octodontoidea
Octodontoidea

Octodontoidea

Caviomorpha

Octodontoidea

Chinchilloidea

Chinchilloidea
Chinchilloidea

Chinchilloidea

Chinchilloidea

Chinchilloidea

Chinchilloidea

(17, 44, 45)

(3, 22, 38)

(40, 46)

(40, 45)

(17, 35)

(17, 22, 44,
45)

(17, 32, 44)

(22, 45)
(41, 47)

(40, 48)

(16, 49, 50)

(17, 51)

(16, 23)

(16, 23)

()

(5, 52, 53)

(53-55)

(56, 57)

(6)
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Table S5. Body mass (BM) estimates in grams (gr) of the extinct species of Chinchilloidea and
Octodontoidea included in this study. Details of BM estimates obtained in this study are in Table

S6.
Species BM BM min BMmax BM source Comments
Eoincamys pascuali 178 98 257 This study
Eoincamys ameghinoi 101 56 145 This study
Eoincamys valverdei 215 119 311 This study
Eoincamys parvus 104 58 151 This study
Incamys bolivianus 738 409 1067 This study 417 gr estimated by (58)
Scleromys quadrangulatus 2639 1462 3816 This study
Scleromys osbornianus 3065 1698 4431 This study
Scleromys angustus 6238 3456 9019 This study
Magquiamys praecursor iny known from
No data (23, 45) isolated upper teeth
Microscleromys paradoxalis 150 100 200 (24, 25)
Microscleromys cribriphilus 150 100 200 (24, 25)
Drytomomys aequatorialis 9775 5415 14135 This study
Potamarchus murinus 16000 13000 19000 (59)
Assuming similar body
Neoepiblema horridula 72400 65300 79500 (28, 60-62) ;“paescsl ef,f,gi j;ﬁ;ma
acreensis
Garridomys curnunugquem 651 361 941 This study
Eoviscaccia frassinetti 923 511 1335 This study
Eoviscaccia australis 328 182 475 This study
Perimys intermedius 1379 764 1994 This study
Draconomys verai 268 148 387 This study
Platypittamys brachyodon 81 45 118 This study
Eosallamys paulacoutoi 534 296 771 This study
Eosallamys simpsoni 278 154 403 This study
Sallamys pascuali 191 106 277 This study 134 gr estimated by (58)
Prospaniomys priscus 577 326 827 This study
Spaniomys riparius 549 304 794 This study 649 gr estimated by (58)
Protadelphomys latus 508 288 728 This study
Willidewu esteparius 234 130 338 This study
Xenodontomys simpsoni 384 212 555 This study
Xenodontomys elongatus 1318 730 1906 This study
Caviocricetus lucasi 145 80 209 This study
Acaremys murinus 162 90 234 This study
Plesiacarechimys koenigwaldi 640 354 925 This study
Dudumus ruigomezi 178 98 257 This study
Galileomys eurygnathus 215 119 311 This study

18




Sciamys principalis

Neophanomys biplicatus
Pithanotomys columnaris
Deseadomys arambourgi

Adelphomys candidus

Prostichomys bowni
Stichomys regularis
Maruchito trilofodonte
Pampamys emmonsae
Mayomys confluens
Leucokephalos zeffiae
Chambiramys sylvaticus

Chambiramys shipiborum

Borikenomys praecursor

Elasmodontomys obliquus
Amblyrhiza inundata
Phoberomys pattersoni

Josephoartigasia monesi

268 148

93 52

299 166
349 193

No data

379 210
838 464
698 386
224 124
112 62
162 90
175 97

No data

No data

13700 9400
125000 50000
150000 62500

483000 224000

387
135
433
504

548
1212
1009

324

162

234

253

17600
200000
296000

1041000

This study
This study
This study
This study

This study
This study
This study
This study
This study
This study
This study

(23)

()

(63)
(64)
(62)

(6, 62)

No dental
measurements available
in the literature

Only known from
isolated upper teeth, m3
and dp4

Only known from
isolated m3
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Table S6. Dental measurements (in mm) and body mass (BM) estimates (in grams) of extinct
species of Chinchilloidea and Octodontoidea. * indicates tooth length of unidentified lower
molar(s) in species where isolated m1, m2, or m3 cannot be distinguished based on morphology
or size. N = number of specimens. UTRL = upper tooth row length. BM estimates were obtained
using the regression equations of (65).

Species ml BM BM
length N UTRL BM min max Measure references

Eoincamys pascuali* 191 10 178 98 257 (14, 49)
Eoincamys ameghinoi* 157 12 101 56 145 (14, 49)
Eoincamys valverdei* 204 8 215 119 311 (49)
Eoincamys parvus* 159 4 104 58 151 (49)
Incamys bolivianus 312 27 738 409 1067 (36)
Scleromys
quadrangulatus 484 5 2639 1462 3816 (20)
Scleromys osbornianus 510 1 3065 1698 4431 Estimated from (20 fig 3)
Scleromys angustus* 651 1 6238 3456 9019 Estimated from (20 fig 3)
Maquiamys praecursor No data (23, 45)
Drytomomys aequatorialis 76 1 9775 5415 14135 (66)
Garridomys curnunugquem 3.0 10 651 361 941 (29)
Eoviscaccia frassinetti 3.37 1 923 511 1335 (30)
Eoviscaccia australis* 2.36 7 328 182 475 (31)
Perimys intermedius 387 25 1379 764 1994 (33)
Draconomys verai 22 4 268 148 387 (21)
Platypittamys brachyodon 1.46 1 81 45 118 (67)
Eosallamys paulacoutoi* 279 3 534 296 771 (14)
Eosallamys simpsoni* 223 7 278 154 403 (14)
Sallamys pascuali 196 6 191 106 277 (36)
Prospaniomys priscus 1 109 577 326 827 (37)
Spaniomys riparius 2.82 549 304 794 m1 length estimated from (68 fig 2)
Protadelphomys latus 1 101 508 288 728 (69, 70)
Willidewu esteparius 2.10 1 234 130 338 (71)
Xenodontomys simpsoni 249 7 384 212 555 (39)
Xenodontomys elongatus 381 84 1318 730 1906 (39)
Caviocricetus lucasi 1.78 19 145 80 209 (72)
Acaremys murinus 1.85 2 162 90 234 (4)
Plesiacarechimys
koenigwaldi 297 6 640 354 925 (73)
Dudumus ruigomezi 1.91 6 178 98 257 (43)
Galileomys eurygnathus 204 8 215 119 311 (44)
Sciamys principalis 220 1 268 148 387 (3)
Neophanomys biplicatus 1.53 3 93 52 135 (46)
Pithanotomys columnaris 229 1 299 166 433 ml length estimated from (74)
Deseadomys arambourgi 241 1 349 193 504 (35)
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Adelphomys candidus No data

Prostichomys bowni 2.48 379 210 548 (75)
Stichomys regularis 3.26 838 464 1212 (3)
Maruchito trilofodonte 3.06 698 386 1009 (47)
Pampamys emmonsae 207 12 224 124 324 (76)
Mayomys confluens 1.63 29 112 62 162 (49)
Leucokephalos zeffiae 1.85 162 90 234 (51)
Chambiramys sylvaticus 1.90 1 175 97 253 (23)
Chambiramys shipiborum No data (23)
Borikenomys praecursor No data (5)
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Craniodental traits of extant species — Dataset S1. Craniodental measurements of extant
species of Chinchilloidea and Octodontoidea. Measurements abbreviations correspond to Figure
3 and Table S1. Values in milimeters (mm). IDAS = individual dental ages (77); NA =
measurement could not be taken.

Body mass and cranial traits in extinct and extant species — Dataset S2. Body mass of
extant and extinct Chinchilloidea and Octodontoidea (Table S5 and S6) and average values per
species of the craniodental measurements of extant species. Measurements abbreviations
correspond to Figure 3 and Table S1. Values in milimeters (mm).

Time calibrated phylogenetic analysis of extinct and extant Chinchilloidea and
Octodontoidea — Dataset S3. This dataset includes the nexus and xml files with the molecular
and morphological data used in the phylogenetic analyses. It also includes the annotated python
script to concatenated the mitochondrial and nuclear molecular data, and the annotated R scripts
to estimate the age of origin of Chinchilloidea + Octodontoidea using he Bayesian Brownian
bridge (BBB) model (78).

Analyses of body mass evolution in Chinchilloidea and Octodontoidea — Dataset S4. This
dataset includes the input and output files used in the Bayesian analyses of body mass evolution.
It includes the obtained post-burning trees and files and code used in the fossilBM program (79,
80). It also includes the annotated R scripts to obtain and plot the rates of body mass evolution
for both clades.

Lineage through time diversity of Chinchilloidea and Octodontoidea — Dataset S5. This
dataset includes the trees and annotated R script using to obtain the lineage through time (LLT)
diversity of Chinchilloidea and Octodontoidea.

Diversfication rates of Chinchilloidea and Octodontoidea — Dataset S6. This dataset includes
the files and annotated R script to estimate the diversification rates of Chinchilloidea and
Octodontoidea using the Fossilized Birth-Death (FBD) skyline model (81, 82) as implemented in
BEAST2 v.2.6.7 (83) and following (84).

Morphospace occupation of extant Chinchilloidea and Octodontoidea — Dataset S7. This
dataset includes the files and annotated R script to estimate the phylomorphospace of extant
Chinchilloidea and Octodontoidea and compare their morphospace occupation considering the
differences in species richness.
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