S5 )\ Jaep E RO 2 AROR 2 S6 FF A&

AT R RS B FHIE R B E B E DT
ARIAL T KRR ERA SpadE’
(1. RIMN KRB 2005 BRI 2 e RR/RVE 150040)

B E: TSR ENEE, REBIMELE 2D AR KB EES . RECrE N R =X
Jiz—, RIRERI A1 T B OMERIEPE I EEAR Jt, —EH A RTE. BRI R RIEN N A
Z—, HERAEEMIRG . MR, MEMAREENAE L . EREE 5 2R AR, AL
W I EBAEREATIZ N, CAROVED FHT TR . AW TR RS R T AR S 2 A a5 4K
¥, (EULHTIR T, BALGw S0 E SR M ENL(SVMMRES &, 3R T H K rl AT v Emf it . AR
T J5 53 () TR RS SRAE AR TR RO TS . BES. BIRRES. B8, ), RAFFEIE. & ROERE,
[0 WS SEMI B vdont Tufh o DRSS MBI R AIE . FhlB) 257 AN Z S T ER . AR5 BT
Tobr, BRI

(DFABCT JF T DRSS IE I e A 22 57 25 . EBREAS PHITES R AR . B A E RO R LS E =
L BESghR. FHE LA Bk SRR & R O RIS B LRI PHTHES ik 5 8
TSR A B A R, ERRE S R k1) A /N

QYESRIB T 72 el 2, RIS 3d (i O M A AR AR 1) i 5K T 30

QVERBILAAAEN BRI Z R . FHTE. BERAREE0RZ 2EX Tk, HREOEZKREK. B
TSR IRl A R A 22 R AN W, T TR ) A B 2% KT 4 i

(OHAFARE N BIBRIEZ R R E . . St TR =FRR A B R E = R R, &
20 ', [Mak0. HIEED. IVakOoy Ehessh > F oK > 5 ta),  fika) A oy 5 > Eh il > oK. JeikS
ZKAE B R AR 5 8 7 AR R AR 22 S R 2

BE— TR, BT 3 B W ST 1) AL RS SRR 0 ) S T AR TR Aok AR B Bl
WX B R 1Ak BRI PRI A2 AR, FTRMMR . FaIKE. Sy s felal 55
O/ N B TR K s el AR 4020 TN B3 Sk A S TR (A A i L 4 8] 0 A A o DA R e Bl 25 22
o AT TCIRAFRIT 1B RIBHL 1) 2 022 5 SRR RS Rl R, IR ST 1 36T R M ST R 1)
SNV ESR AN S, VBRI ISR O 1R g R S

KRR RRIZES; MghZER: FRER; AREEN; #BREL

Foot characteristics and footprint informatics analysis of common cranes species

in the Songnen Plain

Abstract: Due to fluctuations in environmental quality, crane populations in China show different fluctuating
trends. As one of the three major plains in northeast China, the Songnen Plain has been of great interest as a major
area of wetland distribution and an important stopover for crane migration in China. The crane footprint is one of
the elements that have received attention and is directly related to biological information such as crane species
identification, population size, and habitat use. With the advent of the post-genomic era, the use of machine learning
to mine biological data has become a hot spot in biological research. In this study, we hypothesized that crane
footprints could be used as a basis for interspecific discrimination of cranes, and on this premise, we combined
traditional morphometry and support vector machine (SVM) to explore the feasibility and accuracy of this
discrimination. Five species of cranes distributed in the Songnen Plain were used as the study objects (Red-crowned

Crane, White Crane, White-naped Crane, Hooded Crane and Common Crane), using the line-intercept method,
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sited-fixed observation method, synchronous observation method, and field measurement method were used to
analyze the footprint characteristics, interspecific differences, adult and juvenile differences, seasonal differences,
and substrate effects of the five common crane species, and the results are as follows.

(1) The interspecific differences in crane tracks were significant. White-naped Crane, adult Red-crowned Crane
and adult White Crane were more similar in terms of footprint length characteristics; White Crane juveniles, Red-
crowned Crane juveniles, and mixed populations of Hooded Crane and Common Crane were less similar in terms
of footprint length characteristics. The angle between the toes of adult Red-crowned Crane and adult White Crane
was large, and the angle between the toes of White-naped Crane was small. The support vector machine algorithm
for crane footprint discrimination based on principal component analysis verified the feasibility of footprint as a
discriminator of crane species.

(2) There were significant seasonal differences in crane footprints, and the length and angle eigenvalues of
footprints in the autumn migration period were significantly lower than those in the spring migration period.

(3) There are obvious differences between adult and juvenile crane tracks. The footprint lengths of adult Red-
crowned Crane and White Crane were significantly larger than those of juveniles, and the footprint lengths
fluctuated greatly. The difference between adults and juveniles in the angle between the toes of White Crane was
not obvious, while the adults in the angle between the toes of Red-crowned Crane was significantly larger than the
juveniles.

(4) The footprint characteristics in different substrates differed significantly. The differences in footprint
characteristics among meadow, saline and cornfield were highly significant, with the footprint length, footprint
width, II toe length, I11 toe length and IV toe length being saline > cornfield > meadow, and the inter-toe angle being
meadow > saline > cornfield. The trail feature values in the dirt road and rice field only differed significantly from
some of the bearing traces.

Further analysis showed that the crane footprint discrimination algorithm based on support
vector machine with principal component analysis could be used for crane species discrimination; footprints in soft
or wet areas would show I-toe, footprint angles in maize fields were mostly asymmetrical, and footprints in maize
field rhizomes, meadow water sources, and next to meadow plants had small and deeper sunken single and
compound step lengths; footprints could be used for preliminary prediction of population size, spatial distribution
patterns of mixed populations of Hooded Crane and Common Crane. The tracks can be used to predict the population
size, spatial distribution pattern and population dynamics of the mixed flock of White-headed Crane and Gray Crane.
In this study, we investigated the multivariate differences of crane tracks and the influence of substrate on tracks,
and established a support vector machine discriminant algorithm based on principal component analysis for crane
species discrimination, which provides a new solution for crane population monitoring,

Key words: Songnen Plain; Footprint; Support vector machine discrimination based on principal component
analysis; Population monitoring.
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