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Functional approach reveals niche differentiation between two coexisting
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Abstract: Understanding resource partitioning between species is crucial to describe the coexistence mechanisms between
them, and to reveal the ecological functions they serve in ecosystems. Among existing approaches, functional morphology is
widely used in aquatic animals, such as phytoplanktons, invertebrates, and fish, by explaining their foraging and swimming
characteristics in water bodies. However, little attention has been paid to tadpoles, which may have important functional

roles in freshwater ecosystems. Therefore, a functional approach was used, and three indices (i.e., functional richness,
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functional identity, and functional overlap) were calculated in the present study to reveal the coexistence mechanism
between Leptobrachium boringii and Quasipaa boulengeri tadpoles in Heilongjiang Stream of Qingyinge, Emei Mountain. Our
results indicated that the observed functional richness of L. boringii tadpoles (12.59% ) was lower than that of Q. boulengeri
tadpoles (46.67% ). Upon randomly selecting 15 and 51 individuals from the two tadpole populations ( L. boringii and
Q. boulengeri, respectively) , the functional richness of L. boringii was observed to be significantly lower than that of
Q. boulengeri. Moreover, functional identity was significantly different between the two tadpole species based on
PERMANOVA analyses (P < 0.001). In addition, functional overlap between the two tadpole species was extremely low in
both observed (1.47% ) and bootstrap values (mean=0.06%+0.19% SD when 15 individuals were randomly selected ; and
mean=0.99% +0.55% SD when 51 individuals were randomly selected ). All of these results suggested the existence of
niche differentiation between the two tadpole species. Specifically, L. boringii tadpoles displayed larger bodies, smaller
mouths, larger interocular distance, stronger tails, and their swimming types were some dorso-ventral flexion, with little
lateral flexion. In contrast, (. boulengeri tadpoles can have larger mouths, smaller interocular distances, smaller tails, and
swimming behaviour were altered due to greater magnitudes of vertebral curvature. Since functional traits can be correlated

with micro-environmental factors, habitat differentiation could also be expected between the two tadpole species.

Key Words: tadpoles; functional richness; functional identity; functional overlap; niche differentiation
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WLFIBNE BE Quasipaa boulengeri ML) BRI G 3 1L TP W A FE DR A= 86 iy 4 B AR BE (RPDh g =F
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Fig.1 The measurement of 10 external morphological traits of tadpoles
TL, 42 Total length; BL, &K Body length; BMH, /&% Body maximum height; BMW , & 5 Mody maximum width; TAL, B2 {< Tail length; TMW , &
WLFE Tail muscle width; TMH, F2%; Tail muscle height; OD, K 5% Oral disk width; 10, HR[E] 5 Interocular distance;SS, W) %] i 7K FLIE B Distance
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1), FATH AT A A A PRI AT 10 SRk S REMEAR X L8 D REEIR 2 D 0 B2 A AR, DAL T HE
R T AMAS ARSI TR Bk UL, o iy 3 A DIREERS I BB AIOE 45 T H 28IE
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Table 1 List of the 10 functional traits associated with food acquisition and locomotion

LfEEAR T AT EEPCN
Functional traits Measure Ecological meaning References
KT Mass (F/L) log (M+1) TR WL [33]
FFOfLE Oral disk shape (F) OD/BMW Ko E [16,31,34-35]
F#IEAR Oral disk position (F) 0OD/BL FEEY SAH [16, 31,35]
MR &3 & Eye position (F) 10/BMW BT e [36]
FEHBIZIR Tail shape (L) TMW/BW N AR T W [37-39]
FEHBALE Tail position (L) TAL/BL Mt 7, Jon s 2/ s Bl [16,31,40]
FEFBE )72 Tail throttling (L) TMH/BMH ek AN/ S P [16,31,40]
Er AR Body section shape (L) BMW/BMH IR M R R 7 B R 2 [34-35,40]
AR5 R FEAR Trunk bending shape (L) BL/TL ek o5 2R [32,35,41]
17K FLA & Spiracle position (L) SS/BL ek R A Sy 2% [31-32,34-35]

5 WP REFOR MR E B IS (F & ; L:383h) ;TL, 21K Total length; BL, &1 Body length; BMH, /&= Body maximum height; BMW , &
P Mody maximum width; TAL, B4 Tail length; TMW , EJJLFE Tail muscle width; TMH, &% Tail muscle height; OD, 1 %% Oral disk width; 10, HR [A] #f

Interocular distance;SS, ) | HKFLEE B Distance from tip of snout to opening of spiracle

13 HdRgit

T T AR DI REMEARA AR IR AL | ZE AT SEF M 2 B F R4 I 1Y 10 AU REPEIR BE T8I 2247
AL (B 0,072 1)), SRIGHET ERRIEAL I BRI DD REFEIR SR FH 2 B AM AP Oy 1k (PCA ) 2
SUESIREAE S, I AL AR T 1 09 S WA A R A R (1) 40 BRI A R 2 B 5 £
(Flde, BVDDAEMEARE) - BE AL () 1

Flde = Y, P, x 1, (1)
i=1

[, PARIRY A | TEREVE TR AR B, n RoRWIRNEL, o Fom Wl i BT REMEIRE. AR RHIAES BN 2
JCIT 25437 ( permutational multivariate analysis, PERMANOVA ) £ 56 P /> 9 F 1) T 68 12 L & 75 A7 A B 5 Pk 2=
St HETORR A PE N A5 (quickhull algorithm ) T T PN Fh B 2 BE 4 5 B Y SEBRE (PIREA: ALK
N BRTAS Wy b e AT E S BE AR S A b 43 DB U ™ Z2 0008 B AR R 38 2Z [R1 Dl e A 54 B R 1 52
PR SHAEAE S0 EABFLEE (FOve) BT IET Villeger $RALAI T 17 R AR (2) T35 5 A b ] o
L MIIRE R A I
FOve=FRic(lebNqub)/(FRic(leb) +FRic(qub)—FRic(lebNqub) (2)
1, FRic (leb) S JE F2 W MRHSHRE A o5 95 00 ™ 22 30 T AR B FRic ((qub ) A2 0 el Rk} A B 9 o5 408 1) ™ 22300
JEARFA, T FRic(leb N qub) J& 3 SRR ZHEATIN S . ThREA: 0L H S FE BT 0 R )
TSI REAR LR ARG | BRI 1 DN B — 35 A D RE AR R PE
I T I RE 5 B AT RE A A5 1 % AR A W 252 BB 52 | RLEGR Y A B 2: (bootstrap ) AR R AT
AHESZ 10000 Y BEALE AR | T DA UK Ji5 352 A5 R} ARl 1R e Rk b 2 ARE 15 SN (D RE A 2522 BIF5E
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HRE AR AR I 15 A AOR S BaZ PR T B D REPEARAE ) A0 ST A AR (ki SR R e
o) B BITHA A BT RE R B AR A S R A BE LA AR (A, LA S ™ A BF- 2 {ER 959% & A%
DXJE], JF LA AP D REF W R BB MRS S . T TS RGE e Brds e R BPEp AT

2 #HR

e 2 0 S FEWEIRHRE 51 H, AT Gosner 25—43 Wi [b], H &K 09 F3{E°4 (60.27£24.11) mm (SD),
TN e AR AR AR LA 69 H AT Gosner 24—37 #3228, Hoa K F#4{E M (38.03+13.77) mm (SD), PCA
ST AT 4 A E R REIEE R T 1, B T 80.04% Y AR S (32 2) , Btk e 2 e D e AR S A1 Y 4 4
FHl, Hrp, PCl ELESMEHTIRELZE S DhReMRAR DG, BEE PC1 A, SRS A R I T 2R
525 1z sy 7 =X, DK I (0 4R RE 0 RN R TG PR (R J1 4822 . PC2 3 B2 5 figf i iR s 45 1 1) T
PRARAEDC . R, PC2 (R, FR BRI AN AT 8 FL O 88 K3, vl s Bl B E R R,

Fz2 BI4NERSE 10 D IIBETEIRET Pearson 10X RES 1T

Table 2 Pearson correlation coefficients between the first four principal components analysis axes and the ten functional traits

HIBEMIR Functional traits PC1 (32.27%) PC2 (21.55%) PC3 (16.03%) PC4 (10.20%)
& Mass (F/L) 0.71* -0.39" 0.18" 0.30"
JF 7 E Oral disk shape (F) 0.23* 0.79* 0.47* -0.26"*
FI2$TEAR Oral disk position (F) 0.12 0.89* 0.21°* -0.11
AR & Eye position (F) 0.76 -0.05 0.44* -0.03
FEHIEAR Tail shape (1) 0.80* -0.29" 0.29* 0.09
FEFRALE Tail position (L) 0.65* 0.23* -0.71* -0.11
M7= Tail throttling (L) -0.02 0.53* 0.00 0.50*
ERIEAR Body section shape (L) -0.52" 027" -0.15 0.59"
ARF 2 IR Trunk bending shape (1) -0.64" -0.25" 0.71* 0.11
HKFLOZE Spiracle position (1) 0.58" 0.16 0.02 0.47"

* BRI ZE AR AR (P < 0.001)

A RIS R 7 DO 2 T R A 2540 P O D B8 S A7 AE B 35 1 25 5% (PERMANOVA , P < 0.001, & 2) . k)5
FedE IR =B A F PCL A IEAELAT PC2 4 G {1 DX 3R, 17 N ek R s 32 22454 T PC1 B9 SR AT PC2 A IR IX
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Fig.2 The distribution of Leptobrachium boringii and Quasipaa boulengeri tadpoles in the four dimensional functional niche ( red and blue
circles represent Leptobrachium boringii and Quasipaa boulengeri tadpoles, respectively)
(A) F U AE DI RELE S AL PC1 A PC2 Jilt; (B) M U 4D e A= A5 A1 PC3 1 PC4A il 7 68 2 3000 A R MR JE Wi R e} ( 210 ) A0 ik e}
() WS RE & BE (Z B IR ; S50 RS AR B Rh 2350 46 PO 48 3 il A 25 B i i 230008 1 T
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B, U S IR L AR R D BE R R RS R 12.59% (n=51) , T TN ek W ) Ao 2R T i = B 1) S2 08 Ky
46.67% (n=69) (£ 3) . KA A BETHEITRRZE R R, Y A GRHsERREE b 2 5 LIS 15 A~ RET
U JF5 S5 s RS o E T i = B B S B 2.08% +1.24% (SD) |, 171 S5 el W sk o 20 T i 2 5 3 04 S 304y
7.40%+2.93% (3 3) . LR EH Y 95% EAF X [H], B dek iR IsL A DO e == 5 B A0 -S4 (8 0 35 v Tk i B s i
IR R RE S B B IIE DA AR RRE v o0 S BE AL AR ST AN AR R ek RIS AR T B o e
(P HIE R 36.32%+3.90% (£ 3) o 35 1Y 95% {7 DX 1] W RIS dek: R s} A B 2 6 3 5 88 00 P B3 1H
1 TR A S WS IR LR R DB E B EE A, P R LR R D e A A SRR A A SME N 1.47%, 4
S FH B B RS BRRE R 2 S BEN LIRS 15 DAMAR, 3 DhREA: 07 T B R A9 ME K 0.06% +0.19%
NS TR A B BEALAAE 51 AR, DR A S A S B E N 0.99%+0.55%

R3S e S I o B A A e O S B P A, THEE E B B MY SSIME, B B R BEALIREEE (MAECH 15 FIAMREC 51) B9 95 % B = X i)
Table 3 Number of individuals in Leptobrachium boringii and Quasipaa boulengeri tadpole populations, observed and bootstrap functional
richness values when considering 15 or 51 individuals (95% confidence interval )

Y)REF & B Functional richness

FHE Population

AMEEL Individuals S Observed value Bootstrapped,,_ 5 Bootstrapped,,_ 5,
I Ji§ FEWE IR} L. boringii tadpoles 51 12.59% 0.57%—2.72% -
R el ) Q. boulengeri tadpoles 69 46.67% 5.35%—14.09% 28.00%—43.12%

3 e

ARSI S DR AR A E RS R R 3 AN GRS (R DIRE & B Dhig e S M e B SR ) K
355 715 U JET S RIS R R N e RIS, I A OB . 5 SRR kS FE W IR} ) D BE R B (IR T A ek s 7Y
REFw B, —H MR EMAAE & 2 5 H ZH IR AL S E SRR, UL BT 45 R R X i
SRHISH Dy R AE S BLAFAE B 3 oAk . AT Z AT A 98 R W D REVEAR FIARE R 3R (8 C il 8°N) Z [MIAF7E
BEERARISCR " iR RO w2 T I 2 R IR I R S — O, &R
AL R 322 5 R & B K NRLZ SR FI A OE T DRI AR BIF S v 5 S5 s s A0 L e o)
A AL 0 5 3 AR SR AR BE 1 S T 3R B W S RAF A ] oAb R A R AR ) L
il o LAY 5T 45 SR AE PR I A7 B9 W5 7 £ 28 ( Psenopsis cyanea 1 Bembrops caudimacula ) "85 & B, 52
F¢ T IIRe A 2507 T & TR AR AL AR 1) F B AR AE SO DCOC R AL o R AR i) =F B ek e i
THREAE AL Y B R BRI, T REAE AL A AR B B

AAIE G0 235 30 3 B 0 e R e R 0 S SR8 WS R} ) R AR AL Ak B R A SR B iz shRE I 1 o)
1k, ELAORUL, B kR R 22506 F PCL A SERT PC2 MY IEAE XIS, 7632 X 35000 A5 A sk 3¢ BOM F 11 4%
R MR A TR RS/ DN 7K TR IBCEE , PRI B 22 8 01 P e A P A R K A B B [T ok SRS 7 B A i °F
FERE A AN | 22 R A e i i v A vt sl B DRUEL 28 X AR AR AR G F I B S I AR DN
7l JE W R} 220041 T PC1 A IEAEFN PC2 (Y B (B DX I, @ B0 R AN AR, T 1 A/ I MR A7 i 1) T3k
PPN, K BRI, 2R A T R G A= D AR GE 5T, WIS BT AR &k ik, 2 R HIT5 1R 25 ith /Y
KA Ve R MR (EL T D, X AR S R G B LR AR W SRS AR R 2 ) D R AR B 43
PPN R RETE RPN RR B 1 S e HL = A B M it A B 400 DR A T4 0 A e o S L IR T
TR ISR T A AR AR B BB TR DA 7 A v DX T 0 i e A R ) S R TR R P A —
JE i WS A B R S W DI R — 2D AT Sk T AR G A S A e R A P A B R
B Uk —HEM

bR b S REAE IS AL SRR G SRR ST BT IR TE A TS R G B T TE R A Y T Re
7T LA 77 S0 S VR 114 B B A A k2 VR 1) R AR B T A AE — 2 il BN, Pool 5512 1] FH AL SE I
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