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A GEAE TG 1 S 28 5 R AR 60 MOl 1548 (Palacrocorax carbo) B 90, I [r] 10 35k 5525 & A0 BRI >,
0L P R 0 R A8 S 36 43 30 0 S S O ¥ TR RO P R e 75 (Neweasstle disease virus, NDV)

BEEPUARRIA Y o 5 5 G B B 5 3858 FE 1T Pearson A5G40 4T, A1) H B[R 25 7 22 (One way ANOVA)

G307 5 GV BTGRP S ORI O 3R, FUHT ¢ QK38 43 BT 3 30 e 1 2 B 1 % B 5 I3 2 1% O s o Tl oA 2 22 S

PE, OF TR 7 BH A S GR TR EAN L5 BTG EJEAT Spearman AHOCAM T, (1) AS[A) 53 1 S BV 14

Bt 5 15 L B 2 IEAOGHE (= 0.886, P <0.000 1) 5 (2) [l—53 A % G ¥ 1 R 58 ot o5 0 55 11

BEhnmiE i (F=3.95, P<0.05) , FFue s 5 B 09 1 9 = s T PE S B0 (¢ = 4.08, df =58,

P<0.001) ; (3) 7EFkE i e bHPE S 00, OB o REHUA RN S T i UG R (=

- 0.840, P<0.001) o LiR&RRNT, S8 2o S5 A5 LN O NG R U 1Y 1) 55 23 I R TR, [

INF 2 YA 1) 2 B ep A BRIk % 9os B BRI DTN BRI 5, AT A S s By A4 H de KAk
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Abstract: Female birds can transmit immune factors into eggs to defense pathogen by maternal effect,
including innate immune factor lysozyme and adaptive maternal antibody. To investigate how the female
birds allocate immune factors into the eggs laid, we totally collected 60 eggs from 20 clutches of great
cormorant (Phalacrocorax carbo) in Qinghai Lake and recorded the nest density and the egg laying order for
each egg. Then we determined the Newcastle disease virus (NDV for short) antibody titer by Hemagglutinin
Inhibition Test and the lysozyme concentration by lysoplate assay, respectively. The Pearson correlation and
Spearman correlation were employed to analyze the correlation between lysozyme concentration and nest
density, the correlation between NDV antibody titer and lysozyme concentration respectively. Meanwhile, the
relationship between lysozyme level and egg laying order was performed by One way ANOVA and student's ¢
test was applied to determine the difference of lysozyme concentration between the eggs with NDV positively
and negatively. We found out that (1) lysozyme concentration was positively related to nest density between
eggs from different clutches (» = 0.886, P < 0.000 1, Pearson correlation, Table 1); (2) lysozyme
concentration increased with egg laying order within a clutch (¥ = 3.95, P < 0.05, Fig. 1) and the level of
lysozyme was higher in the eggs with NDV positively than those negatively (¢ = 4.08, df = 58, P < 0.001, Fig.
2); (3) the NDV antibody titer had negative relationship with lysozyme concentration in eggs with NDV
positively (» = - 0.840, P < 0.001, Table 2). Hence, we concluded that female birds transmited lysozyme into
their eggs according to the nest density and laying order, meanwhile, effectively transferring lysozyme and
NDV maternal antibody into eggs to provide optimal protection for the offspring.

Key words: Great cormorant (Phalacrocorax carbo); Laying order; Breeding density; Lysozyme; Maternal
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antibody

IRBE I R AR AL e shdy, JCH 2 528
A7 I M[K % (Sheldon 1998). 7E K
AR, B AR SR s B R Bt A R
TEAR LN AR IR, FETEA . AT AR
FRA9% (Mousseau et al. 1998), Hrp A %41
ERIERG . RS, i R AR
(RS RAE e e RGN e R (R R PE U R G
AR, ForP e R S g5 e N ARGH, e B AEAIR,
MARTFVE S e e ig, RestiifEm . BT 19
SRR Ay 5 5 A i s B B T A e I A

FERLH, R 5 52 2195 R A4 1 42 T (Mangel et al.

2001, Cook et al. 2005). K H:% 1 ml i ik REAA
A 1 10) 5 B A% 366 AN 7] 1) G 35 90 ot ) T S e B
M, R TAREAE R R OCETL (Saino et al.
2002, Pihlaja et al. 2006).

o 1 ) & GRAL 38 () e BE D o o s —
BN RMEREY o, BRI DR a
FIAGUAEYI SR . ViR VR T 40 B 4 i

B JIR JREOBH B- 1,40 1 5, DT A n e R
(Salton 1957); BNEEERHE (1 RES AED LK
FTFES . Cu™ M Zn® &6 45 3000 3 A= 4 A K
(Valenti et al. 1982, Valenti et al. 1985); #i/E
MZEEATSMAEDEKLTF LRSS
(Board etal. 1974), b, ¥ bl ok B2,
AR LA 40 R 2B (Rogers et al. 1969),
[F] IR ] DAS i 4 & B 2 g ) (Saino et al.
2002). 53— KA RED ERETUE, ©
A LURE e P S S A & 5, AT AR 474
(Fadly et al. 1989, Graczyk et al. 1994, Smith et
al. 1994, Gasparini et al. 2001).

Sy 1 1 A TR YN R ) 15 B A 326 T 48 4
Y5 = ORI AH G o il nfE K #He (Hirundo
rustica) YN TR I B BE A DU 1S b R
% (Shawkey et al. 2008); 7ERSEH, BEJEHT
AU 55 BB A B WU 34 01 R B (Blount et al.
2002, Miiller et al. 2004), {HIXLERF5THAAT
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W R g S BRI UA Z TR A B G R

B E XY ARRY XA T HilEY

(36°58'N, 99°54'E, F#k 3 200 m i4i),

TN K REBESLME (Anser indicus) -
¥ 3k WY ( Larus brunnicephalus )« iKY (L.
ichthyaetus) F1 18 1144 (Phalacrocorax carbo)
RMETE o 30 GG AR ORI BB M
FBIE B o 518 PSS JE TS H (Pelecaniformes)
f%5 %} (Phalacrocoracidae), 454, PH
ARy B Bt m o, BN, B
o A LA, TR AR FELS A
RN, BE 3 TR B W s 5,
SEREDUE, ECH, OB, P HME
HESL [ BN AT B4, PRI ECh 4 CHIZh#n
55 1994),

PR T30 18 0 28 2 BT YR i B ( Newcastle
disease virus, NDV) [P R 22— (Kuiken
1999), HUbw #E0 HAG — & BUEE, WK%
P R G A N R AR UHR AR B 12 5
SR 55 FUH G2 RGEA A, 5% i o BEAA&
1 FH 7] 5 G 6 BEIEHUAR LR B ) 5, AT 4
mFARVAEAEEE . R T A A S 2 AT ) TC
R LR P A 5 B 4 2 9 1 BRI HTAAR 1)
KA, FRAT T AR5 W I 10 5 P 228 1 A Wit 500t
%, Al S I TR S R LR R,
5 GRS R S IR ISR, DA S By
BTG5 P0RT I B RHE DRI G R

1 MRS

1.1 FEARE

2013 4 4 ~ 5 34000 T W P K A
AT ILSERIFEACKAE, BEK 18:00 ~ 19:00 It
B e B ff o S b i) IR IR S 0, RNl
SECAE IR 5L 3 m A N R SR AR N S,
N T AR R I B, RAR 20 B,
R 3 KOF, 3L 60 BN, FEREAREES R,
h T Wi S AT, FRATTH A I S B4R
BHCR RGN, FIAHETRR OB MHOL, F8E
0.1g, S=F2 500 g) PRt & Op e, MU~ R

(& 0-150, FEHramRgr THRA R A A,
K5 0.01 mm, A 150 mm) & 5 50 5% 5
K, BEMvHE S AERL, IR = o 2
x GIKRE x 051, ELWEAES For 2 Eis Al
B, FERAEAE - 20°C UK
1.2 HEFL

ZCER (Millet et al. 2007) 5 F i A
WRBFIREE, N 25 pl T4 (R BE sk 14

(Sigma, M3770) F 50 ml 1%3flgkl (4T
A TREABRAFD H, 50 CHE IR a7
75 96 FLIMR VAR 1, W B bR EFLRIRE S AL,
FrUEFLEEFLIIN 150 pl b B i o e i o 52
T 8 TR b AV BRI GA V,  IRBE 233 0.05
0.10. 0.20. 0.40. 0.60. 0.80. 1.00 g/L (Sigma,
L4919), FESALREALIIA 150 pl Fika iz i Al
10 ul &3 AMABEARC (DNM-9602G, Jbit
W B HARAT 2w AE 850 nm ALK i FLFIAR
HEFLIRG B, AR AR HEFL IR O B 22 b
M2k, R FH bRt 2 sk Hh B0 T R
1.3 SREHTIREE R Ak I
1.3.1 HigHlE ook ()05 1988,
Keck et al. 1993, Vaught 2006) $EHIH # Hii4,
FEFE RS mIBR By, s AR B ER KR4
{260, #8130 minf&, LA3 000 r/minLy, |-
TR O BBk, & 2R RREUE, A
W EE A
1.3.2 MR 496U v+, AEfL
IIA25 ul PBSY, fE1 ~ 63 1fLINA
25 plKIE (PR BE TR (RG ZRIEELERH 4
FARERATD, HA, MRS A
$29L, WA, AR LA =B 1241, fe)a AR
12425 pl T &, 57 ~ 8HEA BT ;
FEFLINAS0 ul 1%5%  (Gallus gallus domestica)
YNNI, PRSI E40 minEE,
SEOUHIE, BRI g M 5 A AR I B A R A
BRI MLBEERANY, R g — A ey

(hemagglutination units, HAU),

1.3.3  MEPHERRLE  FIH PBSYH K B i
I3 FE TSR R A £ L6 SR, P A4 HAUHT
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J& (HAUg— AN MLEERA D o £E96FL A& Y.
W, BEFLIIA25 ul PBSIEW, 1 ~ 6HEER14L
TIN25 WIFE SR, S7HESR 1FLINAN2S nlBing
NG R PUILIE VE N BRI (W R LERVED)
FERA RN, FESHEA AL S ABT fi 1E A
B AL 42T — T 57, X1 ~ 7k
1T RRERAS LER e, A RFLIIA2S pl 4
HAUBR DU, S 30 mins REFLIMA
50 pl 1%A9Z040 M0, PGS, =RiE
40 minWi5. W EER, LLogediiil4 HAUR
9% B R 1 B e R R A AR AR S R B AR Y
(hemagglutination Inhibition, HI), #HI <
2log, 2, HES R ABIYE: #7HI = 3log, 2, 44
RuThE REFR—IK, TAMMN = 3log, 2
JBATE, < 3log, 281D #HI = 4log, 2,
FlE g KON BHME (WHO 2002),
1.4 BEGT

Kol b FEAE SPSS20.0 _E3E4T, FJFH Pearson

FHO I BT AL 8 1% DRV o A 38 5 S JEE (VI A 5%
RF, MR Z5 22 0 er 6 1% B 1R IR
BES ORI OGRS Bt -
5607 BT IR0 PR BH A % B e AR P A
BB TR B E S OB R R R R, A
M1 Spearman FRAH G/ M e o # 5K BH
B GRGTART S IR G AR

2GR

2.1 EE SN ERR S R R T
WSS

A [F) S5 (1) 317 368 5 228 B9 v AT T A 2 B B
ERFIEME (r=0.885, P<0.000 1), RI#
e B T (58 54 ) 55 B4 lC 22 IR B
Bilg (R 1)o [R5 & N B ik 52 B O I
FEIBE I (F=3.95, P<0.05), W
1 RGP P B A B e vy (8 1D

R ANFIRTEE T S O R R A

Table 1 The lysozyme concentration under different nest density

o

Clutch number

RIS ()
Collecting eggs

BIEE ()
Nest density (nest)

SR RERIL (g/L)

Lysozyme concentration

—

3

~« v 94 mm® I OO0 RO ZTI IO
LW W W W W W W W W W W W W W W W W W

7 0.1711
7 0.183 3
7 0.1891
7 0.1892
7 0.190 9
8 0.184 6
9 0.189 7
9 0.190 5
9 0.1959
10 0.199 7
10 0.209 4
10 02256
11 0.206 3
12 0.203 1
12 0.207 7
12 02239
13 0.2240
13 02326
13 02354
15 02334
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K1 WK SRR R CPE £ bz
Fig.1 The relationship between lysozyme

concentration and egg laying order (Mean + SD)

2.2 G O v B AR B RN B R L
PRHIR AR

203 MM I SL 50 5, Rk B AN [R5
T8 PG 5N 53 R IR B BRI PEDE (n=34)
RV IR (n=26), ¥ _FHE
PRI P TEA T 22 S MRS G: T s 2 AR 1Y)
PE G B AR S S 2 s T AP BN (2= 4.08, df =
58, P<0.01).

3 A IR A 0 BT A4 BH 2 L 0 2 5 v
IS LM (ny =123 B2 M (np=11) FIZE 3
Mo Cny = 110 BRI TR BRI B8 55 0 32 s s L
PRBAPEGI G NN (' =85 ny' =9, ny' =
9) MRS PN FE AT 22 e A G, i 5 e+
VHBABEEES GB1HN: =282, dfi=
18, P;<0.05; %52 #0N: =221, df,=18,
P,<0.05; 5 3 B0 15=2.42, dfy = 18, P3< 0.05,
K2,

23 FWEREIEEERIUERN 5B E
PR R R

FEFWPE IR FE PRI I T, BRSNS
TR B S R U OE (r = - 0.840, P <
0.001, n=34) (F£2) .

3 WG

MGG, B TR IAN R B 1) 5 B 12 i
R SR S A DG TE ELIA)— 53 P9 S B 1
WA B O34 00 s B s RE LR B 1

B2 BB R BT i P AT B 1 5 B AR R R B
WHMREZR R CPYE + bz
Fig.2 The difference of lysozyme concentration of
NDYV between eggs positively and negatively with NDV
by the laying order (Mean + SD)

5 B TR TRRRA 5 S 2 v TR e s s A4 BH
5 9 TR AR PS5 LA BH 2 5 B LB AR 2k i 5
IR BRI RO R, ERWISE LA gEA
ST BEATL 73 PO P R HT 05 0 75 BRIR DA 21 5
GUH, TR AR A
3.1 BHERESEEEXRR

W IE PSR BT, RN I B e
77 (Ward et al. 1973, Gotmark et al. 1984,
Danchin et al. 1997) [FJ[RI, A5G0 gL
AW RS (Brown et al. 1986, Tella
20020, RS EEH, R AN 0] LY R #EvE
B A8y 5 w] BLOJE AR 2 1 Bl A Trziszka
1994), DAIEAERRNG A WITA), S A FEE PRV
filg T LS A 28 R ARD SR A A= o e R A
WA R X5 qE 32 B B RS OE AH K (Tella
20020, AW m B EE T, 5
2 ) 5 G 73 T 5 22 5 AT I DA O N BB

5 G R A S 5 B % B ) 0K Bl T g
ST S SR — PRI . S TR R
SR 20T, KSR AR N Re s AN U TR
IV N ¥ & & (Klasing 1998, Saino et al.
2002), XA B ACRBCANET (1) )8 5 B T8 57
BRI, A4 PN BRI Tl 2 G AR AR R,
75 I A 1) T8 P 8 W] BE BN RS (e
PrAELAT AR, AT AR T T EE R K R
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Table 2 The relationship between antibody titer of

Newecastle disease virus and lysozyme concentration

ey OBUF

) WRBHKIE (L) LR
Clutch Laying Lysozyme concentration Antibody titer
number order ysozy Y

1 0.1629 2¢
A

2 0.235 1 24

2 0.147 4 2’
B

3 0.1899 2°

1 0.201 0 24
C 2 0.188 3 2°

3 0.164 5 2¢

1 0.196 7 2°
D

2 0.161 0 2’

1 0.208 0 24
E

2 0.1843 2¢
F 1 0.181 6 20

1 0.195 1 2¢
G

2 0.173 2 20

1 0.196 5 2°
H 2 0.158 0 20

3 02128 2°

2 0.165 1 20
I

3 0.1955 2°

1 0.181 6 20
J

3 0.242 6 24

2 0.1740 26
K

3 0.1953 2°

2 02233 24
M

3 0.173 6 2°

1 0.145 1 26
N

3 0.1899 24

1 0.1629 26
0 2 0.159 2 2¢

3 0.276 9 24
P 3 02116 2°
Q 1 0.1814 2°
R 1 0.196 8 2°
S 1 0.179 4 20

H, SR RIS e RS (R
& 2005). PHIRATMEF A LEE, SEITAER )
T PSEEAE Ay Y B e, L A
FHEEm T L, A% THAE (Ward et al
1973, Gotmark et al. 1984, Danchin et al. 1997),
P - S b o ) S T e A R AP &
PR, RS T A R, Rk e
1] &% B 43 P 5 22 5 BRI T
3.2 WHBEIKRESINNTFRR

1 B P B I T A AE (DB, 28 1 A B
B R IR T AR R I ) K, MR AN
LG ELIN RSP IR IR A P nT A S B R
[P ETE, B R S PN R F (Cook et al.
2003), IR S FEAETE ™ R 28 1 MO gt T 4 i
B (Clark et al. 1981), W13 R BRI IR 4973 B sk
AW RERL IS (Cook et al. 2005). #R1f, X
S LA I Jm — M S O A s = AR 1,
h e P WA T BUR — S A RIA A R 7 A
ZESt, MAXAPZE 5 X5 4 B 4735 2 50 BAH O
(Price et al. 1995, Vifiuela 2000),

W S T e A AL, [ AN E AN A
M EYTEFREIAPEESR, XS5 MR
RRERI 2D, e — 28 oAk 22 5+
J 1 A I [ 5 B R i A AN [ 6 4 ok B A X
Fhzese, HrP USSR (Saino et al. 2002)
o BRI S AR OR R, Horb iR
T e B 4EAE AR UL (brood-survival strategy ),
ESBZS T AN 7/ RASTEE S I S B iR e R VA g
SRR AN A VN 17T S N B e
(Clark et al. 1981, Schwabl 1993), HIR¥&F
LU 4 2 W 3 TR AR P ] LA R v AR
1207, ABRES) 512 H W 1 FLAAR P v v Il = 22
TS (Saino et al. 2002). 0T % i
CELFSHE I 107 A FIAMA ) A K AR 75
FEREAER (Lochmiller et al. 2000), 411 [
B e — MU O TE T 2 v I, AT LA
20 B HCHRARA A= Py ke, (] I LG4k HH () 3y
Bal T AFE R AR H T 4K (Heeb et al.
1998, Buechler et al. 2002), B H: 5 A3 H:
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A A4 TR B B 22 e, AT e S A AR A7
(Lindén 1992),
3.3 WHEERE S HUHRE R B BHE SRR
3

o B30 BEAAAE H 1) & O A% 33 508 k2 o
BERRJRPUAR, W] U & 75 5 — ORI B ke
TREEAZ YL, TE R AR, e m3h S
(A, (Rl BEIE A AT AR S R 4
KB (Carlier et al. 1995, Lemke et al. 1999,
Buechler et al. 2002, Lozano et al. 2002). &
s SR AR IR L 1) AU B e P i 2 /DA G, AR
SRR PURIRE SN T RIEREN R T
FEAFIHIVER (Carlier et al. 1995), HAEFIHL
HATRE R s (1) BREHUAE N TR 45547 5
[antigen-binding fagment, F(ab),]5 %5 AEWR L
IPURAHES 5, AT LIRS i e 40 M o
NI AT 40 B AN B 4H M G S BV 4 ), A1
R RGEARE A (Harte et al. 1983); (2)
BEYS P ARl 1 Hom) &5 8 fr BE Cerystallizable
fragment, Fc) AJLLEBAH K [ m] 45 5 v B
A (crystallizable fragment receptor, FcR) #H45
G, BT B A R AH 2 A e A LR
(Kazatchkine 1997); (3) BREHUA T 1Y 58 %5
I 241 it L T 08 B 2 FeR, Wi B 22 27 2B W),
M4 5 FHE Bea e g s A is 4k, 25 AR
FEAN N AN BRI B, 38 BCE 2 A AR

P T RRJE A 2 B0 T2 B PR EE HH s iR
A, TR BRARAE T AN AR kA, AR
mho A4 5 o8 S AT o I AR AT 2 eI, BRJA
PUAVE AR (7] 58 4 s Jr A4 ik e 75 22
ZROEIGUAZ Y, Wl IgA Bl IgM, (HZ2RAR
s AU BRE PR I A R, =204 1gG.

5 G o TR AN ] DR S P RS A
JR AR D A B R ERB DA OR W B A5 v
JEUM A (Salton 1957). [] It AEME 4
95 BR A A R B4R K ¥ (Murakami et al.
1997), Rtk 4 o= A4 2 1 1gG I IgM
Puass, AEFALH S BE A0 1 P g G % Bk i
BRI RS, AR I 43, HAE

7 AR T SL B 75 P (Sugahara et al.
2000, IXAGBEAE T ACSE AT RO HRAE R B A%

0, F5 v TR R B AA (1) e 22 ) it A SR
WAHFER R, EEEN, WK EE
Ret H T A0, D Re s T e i A k.
DRI, 4 e e ) i v It R Ik e s 7 BRI T
A, FATFR MR 26 25 ) & N
53 BC BT 42 95 1 BRI BT A VA S R 1T Bl Ak B
AR RSO . ARG R, HiE
BEYUAAR B M 1 B TR i B2 vy T B S5 51, BA
SRR T8 B DA R 5 VS oA AR P2 S A7 A G
P, SRR BRATB BE . EARI ], FA1H
R AU 5 5 I B R B I BT A,
THERR, R SCRR

THL I 0 256 & G ART ) £ O 3 T S R S )
JRAGAFHERHEGUAR ST, T LEFRATIAR
1E AR A I R, B2 S 2o 3 3
LSS A NS E A RER T E YN TP DN
AL G5 7 TP ft SR
BOA U TR R G AR R X B R A
P TAE N G AR BF AP R AR it TR A 1 365 By
XHF.
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