Skeletal variation among short-eared shrews (Cryptotis
a iIndicates differing degrees of fossoriality
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Species of genus Cryptotis (small-eared shrews) are distributed from northeastern North s T S0 TRRR S T A Postcranial bones of fossorial mammals must be adapted to perform the required motions and
America to northern South America. Based on their postcranial morphology, some species are strongly el ot RNy et . ZANs o e ey % withstand the stress of digging. Behavioral observations of Cryptotis are limited; however, some
suspected to be semifossorial, meaning they burrow underground but forage above ground. Fossorial enern 3 0093 027 2473 0.901 species show skeletal modifications similar to those found 1n semifossorial mammals. Our comparison
mammals burrow and forage underground while terrestrial mammals rarely dig (Samuels and Van r, o e i: }’;: » e : ' e of the postcranial bones of Cryptotis to those of terrestrial and semifossorial species suggests that
Valkenburgh 2008). Previous studies of fossorial mammals (e.g., moles) show that certain skeletal e Q32! X i ~ . T T e T . these shrews are semifossorial in varying degrees.
modifications are related to an increased mechanical advantage in digging. For example, the humerus & oveorycies o0 0%t 0¥ 007 " 1501 0081 036 01 045 065 O3 Semifossorial and fossorial species tend to have more robust humeri with more prominent
has more prominent processes and the bones of the fore-foot are broader. Similar modifications have I, = SmE T P s ool el (.- = processes (teres tubercle and condyles) than terrestrial species (Shimer 1903). Cryprotis exhibits wide
been seen in shrews (Woodman and Timm 1999), though due to lack of behavioral information, their MOt s b 214 07 67 0103 025 oM ¢ ‘. 037 variation in humerus morphology (Fig. 6). The humeral epicondylar index (HEB) shows the
functional relation to fossoriality is not definitively known. We documented variation in the — = —— e — e relationship between distal width and length of the humerus; greater epicondylar breadth corresponds
postcranial skeletons of 13 species of shrews to investigate the differing degrees of fossoriality. Table 1. Indices of substrate use: Brachial index (BI) = RL/HL; crural index (CI) = TL/FL; claw length index(CLAW) = 3DPL/3DPtL; to greater area for origination of muscles involved in flexing and extending the forearm, manus, and

femoral epicondylar index (FEB) = FDW/FL; femoral robustness index (FRI) = FLD/FL; humeral epicondylar index (HEB) = HDW/HL; digits (Reed 1951). Muscles inserting on the teres tubercle are crucial to humerus rotation (Reed
humerofemoral index (HFI) = HL/FL; humeral robustness index (HRI) = HLD/HL; intermembral index (IM) = (HL + RL)/(FL +TL); 1951). The humeral robustness index (HRI) is the relationship between length and diameter of the

manus proportions index (MANUS) = 3PPL/3ML; olecranon length index (OLI) = UOP/UFL; pes length index (PES) = 3MtL/FL; o : . . .
shoulder moment index (SMI) = HDPC/HL; tibial robustness index (TRI) = TDW/TL; and ulnar robustness index (URI) = ULD/UFL. humerus a.nd .repres.el.lts the ability of the humerus to withstand .Stress (Fig 5A). These modifications
enhance digging ability, as the mammal can exert more force with larger muscles attached to stronger

bone.
Results The longer olecranon processes of fossorial species (OLI, Fig. 5B) have increased attachment

Of the 15 indices, four (CLAW, HEB, HRI, and OLI) indices corresponding to features of the feet, for muscles involved in extending and adducting digits, ﬂex.ing the manus, and extending the forearm
humerus, and ulna showed repeating, cohesive groupings that correspond to functional groups of species as (Reeq .1.95 1). Eurthermore, the ulna acts a lever d}lﬂﬂg digging. Input force (F)) from the triceps
determined by our outgroup standards (Uropsilus, Neurotrichus, Surdisorex). The terrestrial mole, Uropsilus, brachll is received by the olecranon process, the mput .lever arm (L;), and tre.lnsmltted.to th.e ulna’s
always was at the lower end of the plots or index values while the semi-fossorial species Neurotrichus and functional length, the output lever arm (L,). The resulting output force (F,) is determined in part by

Surdisorex had higher index values and were near the higher end of the plots. The placement of these species the lengths of the two arms, such that: (E i)(L;‘) = (F,)(L,); and, F, = (F;)(L/L,). Hence, th? efficiency
allowed us to judge degrees of semi-fossoriality among Cryptotis. of the ulna can be expressed as L/L_, which 1s the percentage of the exerted force transmitted to

In general, the indices showed gradual variation among species of shrews and moles. However, distinct g;ggglg'AIn terre(sjtnal Urops ii’“‘s » Lit/“ IZ; 12.6%,;\/1161‘?3880,/1n szm1fossor1al év()eblu‘: /0”’ iCZ”S , Li/L, = (

' L ] : : : : : : .6%. Among Cryptotis, values of L/L_range from o In C. parvus to 30.1% 1n C. oreoryctes (see
Fig. 2. Postcranial measurements used in this study: FDW=distal width of breaks in the pattern divide the species into two to four groupings with consistent species membership (Fig. SA, iy sz’l bley{)) i/ Lo TANG p y
femur; FG3=width from greater trochanter to third trochanter; FL=length of B). These groups were also seen in the three plotted measurements. '

femur; FLD=least mediolateral diameter of femur; FTW=width from greater The plot of the lateral epicondyle input lever and the teres tubercle input lever (Fig. 5C) measurements Forefeet of fossorial mammals have short, broad metacamals and phalanges and elongate,
trochanter to lesser trochanter; HDAW=width of distal articular surface of showed a positive correlation between the sizes of the processes among the species. The plot of the distal phalanx broad d1.sta1 phalanges .and.cla.ws, which is seen in some Cryp oS and agsumed to Increase
Eumerus; glgplc:f}?gt?h()f deltope};;?gallcreit; H:i).V}fztdmfaimdtth of : measurements shows that the width of the distal phalanges increases as length increase (Fig. 5D). mechanical advantage in digging as the bones and claws are sturdier (Shimer 1903; Woodman and
umerus, =icn Ol NUMErus, =I1cast mediolateral arameter O . - . : . . 1 1hi 1 1 1 1 1 -
. , = . . . _ Based on the indices and plots, Cryptotis separates into four groups that we believe represent step-like Morgan 2005). Cryptotis exhibits gradation in the CLAW index, which compares the size of the fore
umerus; HLER=lateral epicondyle input lever for rotation; HT TR=teres T o . . . . . o sl e e Sid el s Sheine nereses i arecleuy et
tubercle input lever for rotation; SAM =acromion to metacromion; variation in fossoriality: 1. C. nigrescens, C. parvus. 2: C. meridensis, C. endersi, C. thomasi, C. gracilis, C. AV & . ST g o .
RDW-=distal width of radius; RL=length of radius; SL=greatest length of phillipsii, and C. mexicanus with Uropsilus. 3: C. goodwini, C. mam, and C. oreoryctes. 4: San Lorenzo and C. Qur st.udy 1gdlcates co.ns1.derable V.arle}tlon in degree of qusonahty among the 13 SPECICs O.f
scapula; TDA=width of distal articular surface of tibia; TDW=distal width of lacertosus, together with Neurotrichus and Surdisorex. Cryptotis studied, with the majority of the indices calculated ranging from terrestrial to semifossorial.
Fig. 1. Dried skins from the genus tibia; TL=length of tibia; UFL=functional length of ulna; UL= length of ulna; Specific characteristics of the humerus, ulna, and digit III also correspond well with four functional
Cryptotis: A. C. lacertosus.B. C. ULD=least mediolateral diameter of ulna; UOP=length of olecranon process; groups.
nigrescens. and UPC=width of proximal crest of ulna. 0 Uropsilus ‘

Cryptotis nigrescens and C. parvus appear to be the most terrestrial members of the genus,
B C. nigrescens 5 while the group containing C. meridensis, C. endersi, C. thomasi, C. gracilis, C. phillipsii, and C.

Materials and Methods 1} mexicanus are slightly more semifossorial. Even more semifossorial is the group with C. goodwini, C.

¢ C. parvus

mam, and C. oreoryctes, followed by the most fossorial group containing C. lacertosus and the

We measured 80 specimens for fore and hind foot data and 33 specimens for post-cranial data. % C. mexicanus s litlen i Sem ILotems:

Thirteen species of Cryprotis (Soricidae, Soricinae) were examined 1n this study (Fig. 1). We also
measured a terrestrial mole (Talpidae), Uropsilus; a semi-fossorial mole, Neurotrichus,; and a
semifossorial African shrew (Soricidae, Myosoricinae), Surdisorex, to act as guides for determining ® C. meridensis
fossoriality in Cryptotis. 0 C. endersi

The femur, humerus, radius, scapula, tibia, and ulna were photographed and measured in
Adobe Photoshop C3 Extended with the custom measurement tool. Measurements (mm) were
recorded to the nearest 0.01 mm and are described in Fig. 2. 0 C. gracilis

We x-rayed the fore and hind feet of specimens using a Kevex X-Ray Source and Varian Image A C. goodwini
Viewing and Acquisition (VIVA) software. Digital x-ray images were converted into positive images,
saved in Adobe Photoshop C3 Extended, and the metacarpal, phalanges, and claw of each digit
measured using the custom measurement tool (Fig. 3). The measurements recorded are described in A C. oreoryctes
Fig. 4. A C. lacertosus longer input lever arms and shorter output lever

We calculated 15 indices (Table 1) previously used for determining substrate use, including P | : : | @ams, thereby decreasing load. B: Olecranon
fossoriality (Samuels and Van Valkenburgh 2008) and plotted measurements to see if there were - 3 . | process has expansive region for attachment of
consistent groupings of species. O Neurotrichus i 1 : triceps brachii (arrows).

¥ C. phillipsii

. ; . Output lever arm (Lo) (el Fig. 7. Palmar (A) and anterior (B) views of
® C. thomasi N functional length of ulna . = | W rightulna of Cryprotis lacertosus (USNM
P 569503). A: The ulna acts as a lever arm.
Olecranon process (input lever arm, L;) receives
input force (F), transmits it to the functional
length (output lever arm, L ). Output force (F')
determined by lengths of the two arms, such
B that (F)(L)=(F,)(L,)and F, = (F)(L/L,).
B ! L ' Fossorial mammals typically have relatively
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Conclusions

Fig. 3. Digital x-ray image
and bones measured of the
right manus of Cryptotis
lacertosus (USNM 569503).

Figure 5. A: Graph of humeral robustness index (HRI). B: Plot of length of olecranon process against the functional length of ulna. C:

Plot of lateral epicondyle input lever against the teres tubercle input lever, both standardized by cranium length. D: Plot of distal phalanx V?‘ri.ation In postcranial mOfphOlO.gy results in differences in mechanics and funCtlonf.lhtY- The
width against length of digit II1. characteristics we measured show gradation among Cryptotis. When compared to other species that

are known to be terrestrial and semifossorial, Cryptotis ranges between the two extremes, and can be
divided into as many as four distinct functional groups that correspond to differing degrees of semi-
fossoriality. Species of Cryptotis with more complex and robust humeri, larger olecranon processes,
and broader claws and phalanges are more highly adapted for digging.
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