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Abstract: Sexual size dimorphism is common in animals. Understanding the differences in sexual dimorphism
of body size between closely related species could provide evidence for insight into the underlying
mechanisms driving sexual dimorphism of body size. Previous studies on Great Tit (Parus major) and many
other birds have reported obvious sexual size dimorphism in morphometric traits such as bill length, tarsus
length and wing length, and that the sexual size dimorphism of bill length of Great Tit may vary by seasons.

The Cinereous Tit (P. cinereus) was once regarded as a subspecies of the Great Tit and it is similar to the
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Great Tit in various aspects of morphology and behaviors. Aiming to provide supplementary information
about the interspecific difference in sexual size dimorphism between closely related species, we explored
sexual and seasonal differences of Cinereous Tit in six morphometric traits including bill length, bill-head
length, tarsus length, wing length, tail length and body length. From 2018 to 2020, a total of 226 individuals
(96 females and 130 males) were captured in the Dongzhai National Nature Reserve of Henan Province,
China. The relationships of each of the above morphometric traits with sex and season were analyzed using
linear mixed models, in which each morphometric trait was treated as the dependent variable, and sex, season
and their interaction as explanatory variables. Moreover, as there were three persons who attended the
measurements of the birds, person ID was treated as a random factor to account for inter-person differences in
measurements. The results showed that there were different degrees of sexual size dimorphism among the six
morphological traits (Table 1), and the males were significantly larger than the females in all traits except bill
length which showed no significant differences between the sexes. Moreover, seasonal variation was found for
tarsus length and tail length: the tarsus length in autumn was significantly shorter than that in winter and
breeding season, while the tail length in breeding season was significantly longer than that in autumn and
winter. Despite of the seasonal differences in bill length and tail length, the sexual differences in the six
morphological measurements did not significantly change with seasons. These results suggest that the patterns
of sexual size dimorphism and seasonal differences of morphological traits of the Cinereous Tit are not same
as those of the Great Tit. Future studies are warranted to investigate the reasons for the existence of sexual
size dimorphism and seasonal variation of morphological traits in Cinereous Tit as well as the reasons for the
inter-specific differences in sexual size dimorphism and seasonal patterns.
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Ytk A — MR, SRR IME S RAE 20
2 70 % 80 FAUHAE EIAMT B T 2 KW 5T
(Shine 1978, Fleagle etal. 1980, Koztowski
1989) o B R/ME SR — RO A S
MEREAMAAE S AL AR PR R A e K
AL AR R ERE A R R f AR
BB 2 S 7 AR T PR 7346 (Shine 1989,
Andersson 1994, Temeles et al. 2000) , TPk
PR UL A 75 58 S UG AR i P ) (I
WORREEED BRURBCOR I SRR A 2 AE 364 iy
HEAMRR, FrLO R AR 23 H B 5
—VE5I K #1544 (Andersson 1994, Dale et al.
2007) o QERIE—PER] CHOMENE) 8RR

(%54 )18, Andersson 1994) . b4k, 7E
— B — R NME S R AR E BB
W, T RORI SR T REA B TN e A it 5
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DRl et At G o — 14 ) B K B R (Mueller
1990) .
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FRAANYIIBCARERE . SR E I BtErh
RAZE T REE (Vanpé et al. 2007, Cox
et al. 2009, Samuk et al. 2014) . ERHXEHES)
WD E AR/ INME S B2 S T AR AL T
W) CniEAkEESE 2011, BRAFSE 2015,
Liao etal. 2015, JANEZ4E 2018, LSS
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2019, Bkih5E 20200 o XTI, EHARR—
6 T HORT IE R A 1) B AR /INE 4 Sl Ak Ak
CEHEAR 1987, BIERT 2001) , A&
FRE 2R AR NME S RIHRIE. W Li 5§
(2010) KM, kKR ILE (degithalos
concinnus) FVERIGFK R I (4. glaucogularis)
HEPEAMR AR . Sk, BRI SE 8 T B4
K/NFEFREER T MENEMA; Liu 5% (2016, 2018)
KL, PEAEERS (Trochalopteron elliotii) F1l1
WY (Garrulax davidi) WIHEMEANME SR TEFR R
TR T MEMEAN A EEEE (20200 X ELES
(Pycnonotus sinensis) 1] 20 I FlI 40 4 W 59
(Spizixos semitorques) 18 TFRIBFRIEAT T
W&, HETREHTHEAZE/NER, (GHK
IX—FRFRTE [ Sk 50 I Al (] 10 22 e A1 5 3 PR K
Fo BEAN, A (2021) XME (Passer
montanus) W ERK/INME AT THEFL, K
B AT R SN 2R S IR B2 2 YN (=1 e )
PERTHEY,

NS AR KNI S A7 B T A ]
BUPRRER] 22 5, TP 22 S AEAR KRR L BB
TR E NS L (Fairbairn 1997) . Ebin
BHWFRI, BERE (Paroedura) YIFIF1E%E
BRI SR /NE SR AR 2=, HiXFhZE
B 5 EE EH R (Starostova et al. 2010) .
TR G 2 8] B AR AR £ R
AR NIR BT SRR /N 2 B R I R 3K B)
HLEIPRAHESE . KL% (Parus cinereus) 7&—
FREERRE 2 AT H 538 A0 LRT
W A N ELRRIE K 1L 2 (P. major) H— AN IEFf
CHBIE3E 201 1), {HIE A RAE I N — AR ST A,
FEALHE LA BRIV K 1L 2 N 1 minor commixtus
hainanus- tibetanus A subtibetanus WFH (6
% 2017) o EAMTE K IR R R, H
MEREAMATE G, BRI BT 6 TG k&=
J¥ (Ebenman 1986, Gosler 1987a, Matthysen
etal. 1991) U5 (Horak etal. 2001) A77E
HHERME A, H—MRRmM S EH
W ZR (Matthysen etal. 1991) FIFpfEZE

% (Ebenman 1986) . ERXI KILETRE T
ZWF, WMEFEAT R (KRYESE 2009, HEASE
2013, /&M% 2017, 7455 2019, Fan et al.
2021)  JREFAEITAN (Weietal. 2016) « A
P£ (Bibietal. 2019) . M (EFHLZE 2014,
MIZFHEE 2015, HANFERSE 2016) %%, 1 H Al
o 3 L K L 8 (1 3 B ARRAE 2 75 A BT K L A2 7
FEAEAE B A RN 25 BRI 251 ) 2 57
WA AR . Ak, AT ST DL R 2R 5
HAR G X K I AR R, o8 TAH
Z T R A PR A A K 55 B AR FR AR T
PZES, UBAT MY RIELERaMT & ER
DA SRS LE HEA ML — DA R B mli B R

1 BFAE

1.1 B SRR R

WS s A TR 8 2 L B M #E 2E
FPEREP X (114°18' ~ 114°30" E, 31°28' ~
32°09'N) . ZR4 X A 4.68 Ji hm?,
Aib Z 0 -y VAT — 2 LA (14 A6 S #4051 B I 7 i
WX, AARIRBREE, 1 A0 sdA PSR
1.9 'C, 7 ArmE- PSR 275 C, 4P
FE/KEA 1 208.7 mm CREAMXEE 1996) o &
PIXNSIEYEEES, PlEidsk 3315 Ff
(Bresg 2011, 2—LAMRI SRS BT A
19288 Je HAP IS o 2 B H AR B AR SR AL
RIAPIX . RINEEZRY X NE NLE S, &
minor WA (GEEH6ZE 2017) o minor WA A
TR b, R, HIS g
o, RSP EER BB AL, LX)
TR PR, DS s st
T JFE P 2R T 22 8, 5L e SR B B &IY) tibetanus V.
Bl ARLETEL DU, = S e et
T B 3P) 2 TH IS K 6 BB B 3 BB 6 i U
subtibetanus NEFR, 4340 754 g HL X 1)1 5B 2R B
WK i R R WS K BB B E B AR g
commixtus S, LLRAN 5 A7 151 FE 1) 50
0 YE Y i R P Y W K HOE B i 8L
hainanus WP (ZEHEIESE 1982, AIEHT 2002).
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1.2 FEHWEMER L E

AT IR L ENMET 2018 4 12 AR
20194FE 1 H (X)) (2019F 2 HE 6 H (%
FEZE) L 2019 4F 10 A (Bk=) | 2019 4F 12
H %2020 4F 1 H (%22) BLJ 2020 4F 10 A &
11 A kZ) RAZ M. XKl
£, s RR (R, BEREERAR
AFE, B 0~100 mm, FEFE 0.01 mm)
H K CH BRI 2 535 5 P B A FHAb
PR | kK (HBRAR B EZE )
AR CE RRB B 5 B (8] D% T 2 B PR
L ep Bka] OGO RE RS, ACHIE F0 Il &G 0 Bh
KO, FIHBER GG, Wil KR i
FHEARS, B 0~20mm, FEE 0.5 mm)
MEILWEK GHBFRE ARRER, ARAR
BARMHELES, AHANELHK | RBK
(HREPEBERRMBEE ALK (L&l
(L IR P TR R S P A A = A e A LN
BF, HRRERRMERE) , FHBTRT
(PRI X ZHEARAR, #EFE0~200g,
FEFT 0.01 g FRE(AE. mTHER. BE. =
FE R B PR A )X S R R AR R AR
JIT LAAE 5 82 0 i th AR BN AT AR I
T B S M 22 e S K L v, AR
UG %) R 0 25 T I, T A Y 5 110 2 L
BeaE (L« LEAESE 20000 (1) o AHF
FR e 3 NS 55 LRRGE I E, il
TE 53 T BCHE B S bl A [0 8 N P 22 S %o
SERMRCI, Af ARG RN AR 3T S A
(FEW, “Geit ot ” #55) « BRSNS,
DA 5 ok 2 v R AR A R 2 IR 10 ~
30 ul, DAKRESBERLS RAET - 20 CUKAEH. W
BRME, A E SR E OSBRI
SRWLEERCC FHRERRLELLE, &
TF FERE B 3 R AE o AW % 7 LA S )
sex1/sex2’ (Wang et al. 2010) #4177 R4 5E,
DAE— 5 ) P i U0 B £ 2 i 4 5 MR Il 7
AR,

AT R AT T 226 R CRLFEETH

Z=55 W, BZE S8 HMAZE 113 B KILZER
AR R/NERR, R0 2019 4R 148
RO CEREMENE 63 HAREME 85 ) AMALEH 4
FLEM ST EAT TS5 .

1 RiliEHEE () Mg Ca)
A 6 0 P € 2 T T L

Fig.1 Comparison of the black strips between female

(left) and male (right) Cinereous Tit Parus cinereus

1.3 Gt

B R/ NFIPE S (sexual size dimorphism,
SSD) FRELLA[ CHE S ARIE/ME S AKRLED - 1] x
100% K il 5 (Lovich etal. 1992) . IR #&
Kolmogorov-Smirnov £ (458, KIL#K 6
TARGEFRAR K (P <0.05) ANFFEIESST
1, HoAR 5 BURFRIITT G IEA A0 (P> 0.05) .
HETARRFTMFEARREE K (Lumley etal
2002, Zar 20100 , FrUAfEHEOIEEKAEN
f) 6 SRR B ol AN =5 8] 22 e i, B FH R
HIES AN —REHERAHA (linear mixed
model, LMM) RAr#riton (HEERHE) FIZEy
CETEZE REESAZE) X RILERIERR2m .
FEXTAREMALE AT 73 IR AR T, KRR
TERNAR &, DAMEA. =15 DR —F A b
TER (M5 < Z=9) fENEAZ SR, A, 7
BB Ao & ANAE BN AS &, DL HIANFELA
R B R 20 5 R R . X HR A A R AT
AR, SRAIZLGIFRE (stepwise removal)
WAL A 1 58 BAR F FF AR IZ 8 BB e A
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TENRE, HARAEUTRENTAELE
#oxE R AZ 2 B W S2 0 (Bouwhuis et al.
2011, 2014) . FES5RPRIER H AR XA
BRI, DOz AR B A A A A T 1)
PRI AR AR B ORA ELAE E A AE
A, DU fE A IS ZRY P o o 2 T ) 8 2 12
A S = IS BAE FHAE AR i Ak
TR AR A B T 2 Ak, B PR AR &
REFR, MRS R P RIEX 3 4 H AR ELE
ok ey e s T o s T =R D B o
PRAEELAG B35 52T, DA A 48 3k D 348 3
JERZIE (sequential Bonferroni adjustment) HJZ%
HELE T, HEBARZEY (BHETE. K
A2 Z [ANZARTE ) 2 5

AW TG T 73 2R AT SPSS 25.0 B AF
(IBM Corp., Chicago, IL, USA) 5Ek. 4
BRI H) P AE/NTBEET 0.05 BF, AN
REARIHE L.

2 R

XF2019 4 148 R I LAy T AW 507 1%
S 58 P S0 5 A S A G i i 8 R 0 S e
FERTHSE I 56 4 — 80 SMKIE SN RS
A DAAER S E Kl AN o Bl & A oKL
wEMERENA 6 TSR /N BRI I AN [F] AR
FEMME A, Mo SIREEEEF N 03 ~6.2,
MFEHN 04 ~73, XFN1.0~65 =ANFT
BICLR KA 1 A i o, T BA K
LK ) A B, 6 BUALEMTE =
SHAERT 0, WHE=AZFT, HEEA
RIIX 6 UAGEX R T HEVEMAE (R 1D .

— R SR A I, M (Fy 00 =
1.63, P>0.05) NHf#EZETY (Fy 550 =223, P>
0.05) LA K —F [ A8 HAEH (Fy 200 =0.71, P>
0.05) IR LA Ik A B, Y]
R UL KT R P 2 [N AR ] 221 TR AN AEAE
B R MEME R SR K B3 KT M
(Fy 4 = 2231, P <001, £ 1), HEY
(Fy 90 =226, P > 0.05) LAKZET 55

I HAE (Fy 000 = 030, P> 0.05) Xf3kMk
KA RERN, YRRk KA RIS
TR, HMEREAN AR (] SL K ) 2 R AE AN TR
FEE B B A R KT (Fy o =
2047, P<0.01, £ 1), HMtBrKIPFESTT
R EER (Fy=1227, P<0.01) , 1
PR EZEWEALHEAERAEZE (F) 0 =
0.61, P>0.05 , Uil EIRAFZET RILER
HEBR AR — € B2 5, (HMERE A A BN BRI
ZERIESFETRLL. F— PR 2 HLE TR
W, KEMEMH K EER T4 (hn =
-3.74, P<0.01) FIEFEZTFE (1 =-4.86, P<
0.01) , TMAFEMEAFETHEANRIIH K ZE
FAEE (hpn=-134, P>0.05, £ 1) .
FEPE R I K B2 KT MEE (Fy p0a =
193.92, P<0.01, & 1), (HFE (F,, 5, =2.26,
P>0.05) VWK SRR BAER (Fa 000 =
0.30, P>0.05) X[#KEA EEEm, YK
Ll A AR AE BN A I 22 57
HEPE I A 2 KT HEYE (F) 200 = 141.07, P<
001, £ 1, HEARKZFETMEZEL W
(Fy.00 =473, P<0.05) , {HM:5H 534
A EAEFAREZE (Fy25=039, P>0.05) ,
i BF A A T 2 G 1) 22 S AE 4 21T R IS AL
S . AN FZ T R 2 = i
R, LHEEMEPREKEZEKTHKENE
(t220=2.89, P <0.05) FIZZEAAK (139 =2.27,
P<0.05 , MKEMEEGLFEMEREKESR
ANEBZE (= -050, P>0.05; £1) . Ik
Ab, HEME RS AR B3 KT (Fy g5 =
96.79, P<0.01, & 1), HAZZEYN (Fy =
1.41, P > 0.05) PLRZ=5 595008 52 TAEH
(F310 = 1.58, P> 0.05) KI5, BLHIAH
ZER PRI BRI B SR, i A
RIEEANZAT R R K ZE R .

3 it
AT A I8 o %] R B 2R I R 2 H AR R X
ANFEZETTH AR IR AE R a4, R BT
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R ANFEZR A MEREA A K AR R Hotk — 5185

Table 1 Body measurements and sexual size dimorphism of Cinereous Tit Parus cinereus

e PS5 P B i KB Length (mm) R
Season Body metrics Sex Sample size (ind) SPYIE Mean MR SE dinsl(e)::}?ilsf;lz(e%)
b ¥ ES L3S it Female 24 9.98 0.58 0.3
Breeding Bill length HEME Male 31 10,01 0.47
L /8N WM Female 24 28.35 0.81 0.8
Bill-head length KR Male 31 28.57 0.63
BB WM Female 24 17.80 0.72 3.1
Tarsus length HEPE Male 31 18.35 0.89
JLRS P Female 24 65.08 2.62 6.2
Wing length HEPE Male 31 69.10 1.66
Rk MEPE Female 23 61.54 4.19 7.8
Tail length M Male 31 66.37 327
(i3IS P Female 23 121.28 5.25 5.9
Body length HEPE Male 31 128.47 5.18
T L3S P Female 23 9.87 0.53 0.4
Autumn Bill length et Male 35 9.90 0.36
L3/8S EPE Female 23 28.45 0.43 1.4
Bill-head length HEPE Male 35 28.84 0.54
BB WM Female 23 17.06 0.57 1.6
Tarsus length HEME Male 35 17.33 0.58
JZRS P Female 23 65.39 1.68 4.6
Wing length HEPE Male 35 68.39 129
ik P Female 23 61.44 221 7.3
Tail length HEE Male 35 65.90 257
K P Female 23 124.15 3.82 35
Body length M Male 35 128.44 3.98
AZ K WM Female 49 9.74 0.51 1.9
Winter Bill length HEPE Male 64 9.92 0.41
L 3/8S P Female 49 27.91 0.63 1.0
Bill-head length HEPE Male 64 28.20 0.67
BB G P Female 49 17.84 0.68 2.8
Tarsus length HEPE Male 64 18.33 0.78
bR MEVE Female 49 64.75 1.72 45
Wing length M Male 64 67.68 1.73
Rk P Female 48 60.14 3.07 6.5
Tail length e Male 64 64.04 3.08
K P Female 49 120.09 7.18 4.6
Body length HEE Male 64 125.64 3.76

TSR = Ol S PRAEIE/ME SRAEISE D) - 1] x 100% (Lovich et al. 1992)

Sexual size dimorphism is calculated as [(male measurement mean/female measurement mean) - 1] x 100% (Lovich et al. 1992).
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1) 6 WUARIEFE R R T AN FREREE v =
A, HF A mF . FR, XETEFHER
P BEAFETENRE, &N
PLR KA P =5 N, M AN
KGRI A RA R A, Kl Sk
KA S AEARIZ=1 ARS8 AR T
3BT AN ZE TR B AR N B, Ml
=5 122 AR X B AR RN R AN B 3
SN

AN 7 S B, BRI K L 22 F0 7 L 42
(Cyanistes caeruleus) 1t ZFAZFTTMES H°F1
KK TS, SRR KK TS
(Gosler 1987b, Matthysen etal. 1991) , fj H.
RRE K LA B 11— S8 B L B 2/
(Gosler 1987a) o AN[F]ZE15 HMERE AN ARG 22
SR FETELEE ILEE (P. monticolus) FHAE K
M, HfESBRKEAFEREK TS, MER
ETHTEREER (Barve etal. 2017) . AHF
TG RAIAE, EIr SRS K
A, R P AN A AR A ) 22 7
BIARZE, H=AF AP I E# K
THEYE, HEMsKmE S EERKERN
0.4, EEIHZFRN 03, —FHEMNAZ, RIWE
I KA FEAE A S BRI L. 7R 2EE
B, S8 L EMEREAMA R R KA R = RR
FrARE, HERIOHEEGKRIEK T
HEPE (Barve et al. 2017) , IXASETRROE K 1L
# (Gosler 1987b, Matthysen et al. 1991) , Tl
5 AR FT A R LA AP A 1P A A & A 2=
AT REPE R DAR AL o

BRI K Ly ¥ B R B FE R AR AE Il g
W K /NS AT S IR Bk gt B2 IR (Gosler 1987¢) ,
H HEZER MRS K S TR A, T
PEAMR IR A ZAE RS2, A A LE HoAh
FHHEK 5EREICK (Gosler 1987a) , X
it B A U TR 2 7 S 2 s i e 2 RO K L 5 )
ARKE . BT RN 2R — R L
S 7 R ALK A F (Olsen 2017, Navalon
etal. 2019) . WEFC KRB, KRV KL MEHEE S

I 22 ok, HWRFRE R A= &E, i
DABERE S 55 K 1R 22 7 1T ReAA B 192D oot AH
BIEI T4 $mR AN [F SR R AR,
A ERIREE Z M EY) (Gosler 1987a)
SR, X Ll 28 A1 o — AR K L 28 A R AT
FIFAR R IMERESE S K 2 7 5 R A A = (A
FAEMRME (Matthysen etal. 1991) , #iAHIX
— R R A AL AT AR A B 2 AT AT AT
o SRR IRTERFN R /NI 52 e FE AR IR 22 Bl
PERE, AT DAk Ab AR 5 44U 1 1545 9% (Tattersall
etal. 2017) o LLUE BT # 1 ALSE K BCHs B9
(Melospiza melodia) FIFit ¥ 8Y (Passerculus
sandwichensis) % 5 P SRGKNR IS H 2=
IR ERIOC 2R, R IAE iR S B s b X A= S5 )
MK (Greenberg etal. 2012) . 11 H.,
XoF T B PRI TR0 I, G S W R 1) W /N
PEZBEESRRSICA R, SRS
e, HEOONAOYE SR IEAE S, X Fh
G N AT BE - B B A A T 1 A (7]
W 1A 9% (Greenberg et al. 2013)
BRIGACAHN,  ASHIT 5T TN B 1R K L2 1) B B
K. WK BRKEHA 5 TUARE )R
REVE S KT ENE, XAEEIE H SRR i
NEFIIE, WL (Lietal 2010) .
eSS (Liu etal. 2016) K LLIMERS (Liu et al.
2018) o Forht, PR B A AN O T
FIEL R AE I ERHIROE K12 (Gosler 1987a)
FERE 14 (Barve etal. 2017) HHAF7E. T
G FRAR R S ) B A R /I S IR B DL
B2 — (Webster 1997, Raihani et al. 2006,
Dale et al. 2007) . —fINA, HRER(EE T 3)
YbE S A, AEREAN R SR I S AT
N b ESR, g R, gIESE
(Andersson 1994) . Kl (1) BEREAN R A7 LE
i S B B 2k I B R 22 5, I HoOK e e
AMATE B HE R0 28 i g E SR (5 445 S A 5|
MEPE (EZESE 2014, WSEPHE 2015, EAl
Hi%E 2016) o B SO R K 1L 28 IR RIF FEIE R I
M AR R B FE L A BT AN [ (Isaksson
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etal. 2008) o 7EK LA MEREN AR O L AFAEIX
6 BY By R R /INR 22 S BE I 5 () M A THRIR )
THOLN, e SREE At EZEART
PR — N EEE AR T I ) 7

W S A A A ) B A RN 22 e 41, ARSI AT
R, KEFmERLER KR ERE T
KRN ETE TR, T A2 BT 2= 1A A ] 4 A
KERALRE, X—JTHgeeH THHKS
#4455 (Francis et al. 1991, Fox etal. 1992) ,
KRR AME A — L A AME,
BRI R R B S8 A, T A& 2RI LA I
BHO BRI A ZE R ETE 2= P 424~ 4
(R BR P I R K TR R M. S —
Jr, AR SRR ORI, B RK
BRI AR AR R E, WK RRE (Passer
domesticus, Ringsby etal. 1998) , Al UK
BB RO L 28 B B i AT R, B4R
FE 1 28 A R RV 2= IR A L1 357 0 B K 3t vl
Re 2 LERKRAMA I P 3 M B K K

A, EHEFRILEMEMEKEEZEKT
KEMAE, MKESEAFRMEREKZER
ARZE. —RINE, SRMPIEHEE R E T
HERS T B4, LS5 SR AEAK T 58 1) ) B
Hhnsedf (Y63 2012, Morrison et al. 2018) .
KA TR R AR T 10 AL A,
WIS R L A2 DR S AR, it UK 8K L A2 1Y
e PHERKZE AR 4 25 DL S R B 2R T N 58
b, RMKENZEK. 2R, AETmER
AR, ZEHEFARPKTHRENLT, A7
WX REEWMIER, F—, KbERPK
(AL RSP A A S AEE 2,
DUAFIE 2 B F R ME R B LRk &
FMEREK; B, AR EHEENMEE
PR THES, XA FEESE TEE
A n SR R AMARALE 48 Sk AT S5
T SEA S, IR v] 5 T BUARRT FLAE B
W2, ST P e M- B KA
BAFEE YRR M. ol — el ae
P, #FREAE A e SR N A Tk AT

RSk

LR ERTE, AHTFUR IR L A2 MEREAS A A
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