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Can Shrews Avoid Competition When Hutchinson’s
Ecological Rule Is Disobeyed?
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Abstract—It is established that Hutchinson’s ratio of the weights and sizes of the body and foraging organs in
similar species is not fully obeyed in shrew species of the genus Sorex. Similarity in the centroid size of the
mandible was observed in the large species . isodon and S. araneus. Differences in the shape of the mandible,
which is intensely used in foraging, were detected between the species by geometric morphometrics. Interspe-
cific differences were found in mandibular indices, which reflect trophic specialization and functional fea-
tures of the mandibles. Shrews can therefore avoid competition even when Hutchinson’s rule is violated. The
avoidance is due to a transformation and specialization of the mandible and changes in prey capture methods
and diet, rather than to changes in size. Hutchinson’s ecological rule is thus not mandatory, but is only one
of the conditions for reducing competition between closely related species.
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Hutchinson’s ecological ratio [1] has been known
for taxonomically related species sets (taxocenes
according to terminology accepted in our studies [2])
from the mid-20th century. Hutchinson has estab-
lished empirically that a ratio of approximately 1.28—
1.30 is observed between the average sizes of the body
and foraging organs in closely related sympatric spe-
cies that are similar in size and belong to the same
genus. The size ratio has been both confirmed and dis-
confirmed many times (see [3]) and is still of interest
to study. Likely mechanisms assumed for the phenom-
enon are based on the ideas that species are sorted and
selected from their regional pool and that a shift in the
sizes of the body and foraging organs should reduce
competition between sympatric species. In the 21st
century, the issue has been studied in Galapagos
finches by morphometry [4] and salamanders of the
genus Plethodon by geometric morphometrics [5].
Hutchinson’s rule, that is, the problem of a fixed size
ratio between closely related species in a community is
still considered unsolved.

Geometric morphometrics methods [6, 7] make it
possible to separate the components of size variation
(by centroid sizes (CSs)) and shape variation (by Pro-
crustes coordinates of objects) and can be used to
check Hutchinson’s rule with a model of the mandible
as a foraging organ in sympatric species of the shrew
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taxocene. Elements of the functional ecology of spe-
cies can be compared by comparing samples with respect
to morphofunctional mandibular indices [8, 9].

The objectives of this work were to check Hutchin-
son’s rule by comparing the size and shape of mandib-
ular arches in sympatric shrew species of the genus
Sorex from the Visim Nature Reserve (the Central
Urals) and to indirectly estimate their trophic special-
ization with the use of geometric morphometrics
methods and morphofunctional mandibular indices.

We examined the collection series of skulls that
belonged to current-year young of four sympatric
Sorex species and were collected in the Visim Nature
Reserve (the Central Urals) in the late 20th century (in
July and August). The species included the taiga shrew
S. isodon Turov, 1924 (n = 28, 1986), common shrew
S. araneus Linnaeus, 1758 (n = 50, 1986), Laxmann’s
shrew S. caecutiens Laxmann, 1788 (n = 45, 1986—
1987), and pygmy shrew S. minutus Linnaeus, 1766
(n=16, 1986—1987, 1989—1992).

Images of shrew mandibles were taken with a desk-
top scanner at a magnification of 1200 dpi. To analyze
the size and shape variation of the mandible in shrews,
20 landmarks were identified on the buccal side of the
right mandible (Fig. 1).

Superimposition of landmark configurations was
performed via generalized Procrustes analysis (GPA)
[6] with calculation of the Procrustes coordinates.
Mandible size comparisons were carried out with
respect to CS (mm) [6]. The Procrustes coordinates
were used to perform canonical sample analysis with
calculation of the matrix of generalized Mahalanobis
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Fig. 1. Scheme of the main landmarks (/—20) and lengths
(A, B, C, D, and E) used to calculate the mandibular indi-
ces on the buccal side of the S. araneus mandible. Addi-
tional landmark 27 was used only to calculate length B.

distances (D). Pairwise differences were evaluated by
Tukey’s pairwise post-hoc Q-test.

Mandibular lengths A, B, C, D, and E (Fig. 1) were
used to calculate the following morphofunctional
mandibular indices according to published equations
[8]: temporal-incisor 7/ = C/A, temporal-molar
TM = C/B, masseter-incisor MI = D/A, masseter-
molar MM = D/B, and angular-masseter AM = E/D.

Gender differences in CS were low and nonsignifi-
cant in current-year youths of each of the species, and
the gender was consequently disregarded in further
comparisons. Table 1 summarizes the results of com-
parisons of mean CSs, which indirectly characterize
the mandible sizes in the four sympatric shrew species.
The mean mandible CSs of the two larger species,
S. isodon and S. araneus, were similar to each other
and showed no significant difference (Q = 1.197; p =
0.832). However, these CSs were significantly higher
than the CSs of S. caecutiens and S. minutus (p <
0.0001). The mandible CSs S. caecutiens and S. minu-
tus also significantly differed from each other (Q =
9.088; p < 0.0001). Levene’s test did not detect a vio-
lation of conditions for equality of variances in CS.
Multiple comparisons by one-way ANOVA showed
significant interspecific differences in CS (F = 243.8;
d.f. =3, 135; p < 0.0001).

Hutchinson’s ratio was obtained as a ratio between
mean CS values and was 1.01 between S. isodon and

S. araneus and 1.11 between S. caecutiens and S. minu-
tus, suggesting a high likelihood of competition in the
species pairs (Table 1). However, Hutchinson’s rule
was obeyed in comparisons between the larger and
smaller shrews (Table 1). Thus, Hutchinson’s rule was
not uniformly confirmed in all cases, but was obeyed
only between the larger and smaller species.

MacArthur and Levins [10] have proposed a well-
known model, where the degree p of niche differenti-
ation between two species is obtained as a ratio of the
difference d in mean common resource to the com-
mon standard deviation w and should be p = d/w > 1
for the species to coexist. A minimal allowable ratio
d/w between the species corresponds to the limiting
similarity ratio p = 1.56, at which the species are the-
oretically capable of coexistence. Competition is
assumed to occur at d/w < 1 and is unlikely at d/w > 3
according to Hutchinson’s rule.

As follows from Table 1, both Hutchinson’s rule
and niche similarity ratio (p) with respect to CSs and
their variation are not obeyed between the two larger
species (.S. isodon and S. araneus) and between the two
smaller species (S. caecutiens and S. minutus), indicat-
ing indirectly that competition is possible within each
species pair. However, both of the conditions are well
obeyed between the larger and smaller species (Table 1).

The results of the canonical analysis are summa-
rized in Fig. 2. As is seen, all interspecific differences
in mandible shape are great and arranged along the
first canonical variate (CV1) axis from an ordinate
scatter ellipse of the smallest species .S. minutus, which
is in a region of negative CV1 values, to ellipses of the
largest species S. araneus and S. isodon. The S. araneus
sample is displaced to the greatest extent along the
second canonical variate (CV2) axis, deviating from
S. isodon and the other species. The S. caecutiens sam-
ple deviates from the other species into a region of pos-
itive values along the CV3 axis.

A comparison of generalized Mahalanobis dis-
tances between the samples of the shrew species (Table 2)
makes it possible to conclude that the . isodon and
S. araneus mandibles are similar in size, but substan-
tially distant in shape (D = 10.26; p < 0.0001). The
S. araneus and S. caecutiens mandibles are somewhat

Table 1. Mean centroid size (CS) of the mandible and its standard error (SE) in the four Sorex species, Hutchinson’s ratios
by mandible CS (triangular matrix below the diagonal), and degree p of niche differentiation in species pairs (triangular
matrix above the diagonal, p is a ratio of the difference d in CS to the common standard deviation w)

Sorex species Centroid size isodon araneus caecutiens minutus
CS £ SE (n)
isodon 17.39 + 0.15 (28) — 0.18* 2.62 5.18
araneus 17.21 £ 0.09 (50) 1.01* — 2.63 5.65
caecutiens 14.01 = 0.15 (45) 1.24 1.23 — 1.20*
minutus 12.64 £ 0.12 (16) 1.38 1.36 1.11* —

* Competition between species is highly likely because Hutchinson’s rule is not obeyed or the degree of differentiation of the species
niches (p) is not high enough.
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Fig. 2. Canonical analysis of the Procrustes coordinates of the mandible in the four sympatric species of the Sorex shrew taxocene
of the Visim Nature Reserve. The samples are shown in the morphospace of canonical variates (CV1—CV3). Ellipses characterize
the variation of mandible shape in the shrew samples and characterize 95% of the ordinate variance in individuals. The portion
(%) of between-group variance is indicated for each canonical variate, and mandible outlines corresponding to maximal and min-

imal values are shown along the respective axes.

closer in shape (D =7.49; p < 0.0001), but significantly
differ in size without violating Hutchinson’s rule.
Thus, the similarity of the species in mandible size is
compensated for by their differences in mandible con-
figuration. The samples of all species are substantially
separated in the morphospace, and their separation
reflects the species specificity of the mandible shape,
which is associated with trophic specialization.

Because differences in the function of the mandib-
ular osteomuscular system must accompany differ-
ences in mandible shape, the morphofunctional indi-
ces were estimated for the species (Table 3). Interspe-
cific differences in mandibular indices were great and,
in the majority of cases, significant. While the mandi-
ble size was similar in S. isodon and S. araneus, two
indices, 71 and TM, were found to differ significantly;

Table 2. Generalized Mahalanobis distances (D) calculated from the Procrustes coordinates to characterize the variation
in mandible shape between the sympatric Sorex shrew species from the Visim Nature Reserve (significance level p values

are shown in the upper triangular matrix)

Species S. isodon S. araneus S. caecutiens S. minutus
S. isodon 0 p <0.0001 p <0.0001 p <0.0001
S. araneus 10.26 » <0.0001 » <0.0001
S. caecutiens 11.30 7.49 0 p <0.0001
S. minutus 17.29 13.06 9.24 0
DOKLADY BIOLOGICAL SCIENCES  Vol. 510 2023
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Table 3. Comparison of the mean mandibular indices (£SE) for the four sympatric Sorex shrew species from the Visim

Nature Reserve (Central Urals)

VASIL’EV et al.

Sorex species

Mandibular index isodon araneus caecutiens minutus

(n=128) (n=150) (n=45) (n=16)
TI 0.328 £ 0.002 0.312 £ 0.001 0.305 £ 0.001 0.296 = 0.002
™ 0.565 + 0.003 0.538 £ 0.002 0.524 £ 0.002 0.498 £ 0.004
Ml 0.159 £ 0.001 0.162 £ 0.001 0.165 = 0.001 0.157 £ 0.001
MM 0.274 +0.002 0.279 £ 0.001 0.284 +0.002 0.264 + 0.002
AM 0.894 + 0.011 0.882 £ 0.007 0.995 £ 0.008 1.013 £ 0.014

i.e., the longitudinal force exerted during prey cutting ACKNOWLEDGMENTS

significantly differs between the species. However, the
species did not differ in gnawing (the MM index) and
horizontal swinging of the left and right mandible
arches (according to Zazhigin and Voyta [11]) when
grabbing their prey anew (the AM index). The latter is
associated with a special type of capturing prey during
foraging and is distinct in the smaller shrews S. caecu-
tiens and S. minutus (Table 3). Interestingly, the large
species S. isodon is similar in M1to the smallest species
S. minutus (t = 1.4; p > 0.05); i.e., incisors are
employed to a minor extent in gnawing the two spe-
cies, unlike in S. caecutiens and S. araneus.

Thus, the differences in mandible shape and man-
dibular indices make it possible to explain how com-
petition is avoided between similarly sized shrews, that
is, between the larger species S. isodon and S. araneus
and between the smaller species S. caecutiens and S.
minutus. The avoidance is due to trophic specialization
based on transformation of the osteomuscular system
of the mandible. The results indirectly point to a spec-
ificity in preferable diet with respect to prey size and
the method to capture prey during foraging; this spec-
ificity also helps to avoid competition. Biotope selec-
tivity further reduces competition between S. isodon
and S. araneus [12].

To summarize, competition can be avoided in
shrews even when Hutchinson’s rule is disobeyed.
Rather than being related to differences in size, this is
due to differentiation in mandible shape, functional
specialization of the mandible, methods to capture
prey, and mechanical composition of the diet.
Hutchinson’s ecological rule is therefore not a univer-
sal mandatory condition, but rather one of the condi-
tions that help to reduce competition between close
species, because structural and functional features of
the species play a greater role in determining their suc-
cessful syntopy as compared with their size differ-
ences.
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