Phylogeny and the Inference of Diet from Carnassial Shape across Carnivora
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Abstract Upper lingual
The diet of carnivorans is commonly inferred from three linear measurements on the lower carnassial. Unfortunately, when phylogeny is Methods
taken into account, the dietary predictions made from these measurements lose significance. We therefore investigate an alternative
method for inferring diet using geometric morphometrics. We identified 4 homologous landmarks on the occlusal view of both the upper and - We identified 4 homologous landmarks present across the Carnivora from the occlusal view of both the upper and lower carnassial, shown on the images to the right. posterior anterior
ower carnassial. Two axes of shape variation were found for each carnassial, all four displaying movements of landmarks that lead to the . -
| : ial. Tv f sh iati re found for each ssial, all four displaying mov ts of landmarks that lead to th Upper: (1) protocone, (2) paracone, (3) metacone, (4) parastyle
elongation of shearing surfaces. The phylogenetic signal within these traits is moderate across Carnivora but incredibly strong within the . Lower: (1) protoconid, (2) paraconid, (3) metaconid, (4) hypoconulid
SIS (gats Sl UNA e .Usmg PR dllscrlmmant sel gnaly3|s 9 |den.t|fy between hyperqarnlvores e «  Photographs of 232 specimens of 125 extant terrestrial carnivorans were taken at the Museum of Vertebrate Zoology at UC Berkeley. b |
hypercarnivores (bone), mesocarnivores, and hypocarnivores, we found a high degree of dietary misclassification (32-50%), but the lower e e G v DT (R 200 2 2 rd 1ty Sl Peases Al n i S 3 in R (Adams et al. 2013). Th ucca
carnassial was better than the upper. Our results suggest different evolutionary trajectories for the two carnivoran suborders, with diet and 9 g tpSige (F : 9 using e o (Adams et al. )b Ul
: : . - ) ) : mean shape was calculated for each species with more than one specimen.
phylogeny exceptionally tightly linked within feliforms. Moreover, these results suggest that current methods may not reliably estimate the : . e el : : : Pl . : Lower buccal
diet of fossil carnivorans that are distantly related to extant groups. We are therefore investigating whether outlines of the lower carnassial : D',et_ dal’:a il gollected\;‘rorr:/tr:f P, smentlflc I|teraturg, <Iriel I ey from.the B0y Ilteraturg. S e slEsigel e ieuireli ey eRiegees
will provide more reliable, phylogenetically-independent, estimates of diet. originally de.scr.lbed by Van .a enburgh (2007): h.ype.rcarnlvo.re (meat), hypercarnivore (bone), mesocarnivore, hypocarnlvcl)r.e. . i |
«  Phylogenetic signal was estimated using the multivariate version of Blomberg’s K (Adams et al. 2014) and the shape quantified using Principal Components Analysis.
g
Introduction «  We estimated how well carnassial shape predicts diet using phylogenetic discriminant function analysis (Motani & Schmitz 2011). anterior posterior
«  Traditionally, to infer diet from carnassial morphology of carnivorans, three linear measurements of the lower carnassial have been R Its & Di g
used: the carnassial angle, the trigonid ratio, and the postcarnassial molar ratio. However, their explanatory power is greatly reduced esults ISCUssion
when phylogeny is taken into account (Hopkins et al. in prep). . . x - '
YIS (Hop prep) Figure 1: Lower Carnassial Phylomorphospace Figure 2: Upper Carnassial Phylomorphospace el
+ Because phylogeny and ecology are tightly linked within the Carnivora, a reliable method for inferring diet in the absence of — -~ 7
phylogenetic effects would be useful, especially when attempting to classify the diet of distantly related fossil species. \&%X&%E@i&% S
«  Geometric morphometrics offers an alternative way to describe morphology, and has been successfully used to infer diet from IF Fiaures 1 and 2 show 21 _ . L
mandibular shape of carnivorans (Meloro 2011). However, as individual fossil teeth are much more commonly found than complete hg distributi f 1. Shape: we |dent|f|e'd two axes 9f variation that
. . . . " ) : . ST the aistribution o lead to the elongation of shearing surfaces in both
jaws, we decided to investigate the ability to infer diet from geometric morphometric estimates of shape of the upper and lower species on the two axes %——fQ ) :
carnassial. o | o ation f 3 o the lower and upper carnassials (Fig. 1 & 2)
° ?h SI ape var:jav lon for P/. « Lower: (PC1) reduction of the talonid and
Legend Hypercarnivore | Hypercarnivore | - : e lower ana Upper ; lengthening of the trigonid and (PC2)
esocarnivore Hypocarnivore Symbol i i % o A _ :
(meat) (bone) ypP y g_e;,rnazSIal, r 93_P9‘l37“V9/Y- 5 - y 7 \ narrowing of the entire tooth. PC1 and PC2,
© changes in shape 7 Q\‘, “,A } \ - together, account for 86% of shape variation.
No extant _— are given for each axis. ] Ry Q L‘Q‘:{gff‘g\_‘l \ «  Upper: (PC1) narrowing of the trigonid and
Caniformia ; Phylogenetic PC2 24 S N T lengthening of the talonid and (PC2)
species relationships are L XN TP - L -
, P , = /!'“;“:»f_{‘?“fs lengthening of the trigonid and shortening of
dep/ctec{ by the I/_nes i . - /4 / "’? e~ the talonid. PC1 and PC2, together, account
° | connecting species. i AL —<7 [/ 4 ~ 0 for 82% of shape variation.
o W “ Color indicates diet, and 7 e, e For the upper carnassial, both axes of shape
Feliformia | 2 shape indicates o | €| variation explain changes in tooth morphology for
suborder. v feliforms and caniforms. However, for the lower
carnassial, variation in the tooth morphology of
- o e %\\ 2 feliforms is predominantly explained by PC1, while
S L 4 S 8 'E: S g i caniform variation is explained by PC1 and PC2.
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rsus arctos < § 5 9 S % o <
Upper % %‘é 3 2 % 865804 § @O § § .@q’ gébg @‘&’ @Q & o — S;Z}li?{nT;a 2. Phylogenetic signal: an intermediate but significant signal was present in carnassial Table 2: Discriminant Function Analysis Misclassification
S % a0 QS © 5 O & é@\ & {f & shape across Carnivora. Feliforms were found to have a much greater phylogenetic signal ]
O A% 0@‘\ Q){é} ,@q é\%@ ‘ é>\°® ‘Qfg@ than caniforms and their lower carnassial exhibited a stronger phylogenetic signal than Phylo. | Percent
AACO QQ,QQ’ «@\ 0\'0\(\ N 5 05\\\)5 expected under Brownian motion (Table 1). Because of this difference in phylogenetic signals Group Tooth | Signal | Misclass.
A @ @ between the suborders, attempts at classifying diet may be more successful if the clades are - 3. Predicting diet: we found high rates of
& @ & Carnivora | Upper |1 55.1% isclassificati he Carni
Lower AAA\ & A analyzed separately. . misclassification across the Carnivora,
AP (oc\\o" RS o o Carnivora | Upper | 0.1 50.5% whether we accounted for strong phylogenetic
AP‘Q'A@QO\OQ&GO " Table 1: Multivariate Phylogenetlc Slgnal Carnivora Lower |1 375% signal or not. When Sl:]bordersl We.re analyzed
A O ‘ao(oo -2 Estimated multivariate phylogenetic Carnivora | Lower 0.1 40.49 separately, percent misclassification for
A 0(00" ab‘uﬂ K_ (phylo. signal (K) (Adams et al. 2014) for . . - /0 feliforms decreased substantially when ignoring
AA Naeﬂ . (\sta’\a S_‘ Group Tooth |signal) p-value | o th carnassials across Carnivora Caniformia | Upper |1 50.7% phylogeny, but did th for caniforms. This
orote® icts seloY Carnivora |Upper |0-373 0.001| and the two suborders: Feliformia Caniformia | Upper | 0.1 46.5% stresses the strong linkage between phylogeny,
para®’ ) nicillat? Carnivora |Lower | 0.447 0.001 and.Can/form/a. Under Brow'n/ap' Caniformia | Lower |1 32.49, tooth shape, and diet in the feliforms (Table 2).
Cymous |b|caud : motion K=1, therefore K<1 signifies Canif 1L 01 35 3
chneu™ . CaniformialUpper | 9.430 0.001| that the tooth shape of closely anirormia | -ower | ©. 3%
A Galerelld sanguil CaniformialLower |0.313 0.001| related species are more different Feliformia | Upper |1 41.7%
ta ' ' : : Percent misclassification of diet estimated using phylogenetic
_ lla pulverulen . _ than expected under Brownian Feliformia | Upper 0.1 250 ercent _ . _ g pnylog
Ailurus fuigens o A Galere’s 7 Feliformia |Upper |0-637 0.001|  motion. and K>1 sianifies that the : : bP %o discriminant function analysis for Carnivora as well as the
A Atilax paludinosus ’ g y Feliformia |Lower |1 38.9% i
Martes melampus © S Feliformia ILower 1.29 0.001| are more similar than expected. -2 /0 individual suborders. For each clade, the percent
Martes americana A Herpestes javanicus Feliformia |Lower |0.1 25.09, misclassification is shown when assuming high (1) and a low
Viartos zibellina © f Mungos mungo (0.1) phylogenetic signal.
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Martes pe””an L O 2, 2 tigrjs « The lower carnassial provides better estimates of diet than the upper carnassial. The percentage misclassified is lower than, and in one case equal to, the rates for the corresponding upper carnassial.
. parbd A ap . o . . . . . . . . . . .
gira P2 is O any, “raty, « Across Carnivora, phylogeny is linked to tooth shape and diet. This greatly reduces the utility of landmark geometric morphometrics to infer the diet of distantly related, extinct species. If phylogeny too greatly informs
col'd A SCY . . : . , . o . L . 9 9
rcton\/)( 51es O A p‘%%, €o diet, then we may not reliably predict the diet of species that are not closely related to the extant species we have analyzed. However, because the phylogenetic signal is so strong within feliforms, we may be able to
& N\e\esmd\a‘a O A/(\Oef%e/ ‘90/706, use simply phylogeny to predict the diet of extinct, but closely related, feliform species.
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2@ NCA . O NGy « Our ongoing efforts to identify a method to reliably and quantitatively classify diet across Carnivora are now focused on the use of geometric morphometric outlines. For both carnassials, the Principal Component
N\e\og W i ; G@a“f\ . AA%; 2 %s,, So%s Analysis revealed two prominent ways landmarks could move in order to achieve similar elongations of shearing surfaces. These patterns are strongly associated with phylogeny. We suspect that outlines may be able
\ae\le q \)\o“‘) o A %, *f% e%/,@/, to ignore these landmark variations, and therefore have a weaker association with phylogeny. Not only could this provide a method of predicting diet of distantly related species, but it could potentially do so without the
SRV e o v separate analysis of feliforms and caniforms
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