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Effects of habitat fragmentation on the soil seed banks of Masson pine ( Pinus

massoniana ) forests in.the Thousand Island Lake region, eastern China
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Abstract: As a major source of forest regeneration, soil seed bank critically influences forest succession and restoration.
Habitat fragmentation increasingly affects forest systems, which could in turn alter forest soil seed bank. Here, to explore
how habitat fragmentation (e. g. island size, shape, isolation and distance from island edge) influences forest soil seed
bank ,. we studied soil seed bank composition of the secondary Masson pine forests on mainland and 29 study islands in the
Thousand Island Lake region, eastern China. By adopting the “large number of small samples” method, we systematically

sampled Masson pine forest soils in December ( early winter) 2015 and April (late spring) 2016. Then we conducted
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germination experiment to estimate soil seed bank compositions of the upper (0—2 c¢m) and lower (2—5 c¢m) soil layers.
We found that (1) 1422 seedlings belonging to 41 species, 40 genera and 29 families were germinated from 316 soil
samples, among which woody plant seedlings comprised 1024 individuals, 13 species and herbaceous plant seedlings
comprised 398 individuals, 28 species. (2) Results of Jaccard index and correlation analyses both indicated the soil seed
bank composition was very similar between early winter and late spring, and between upper and lower soil layers. (3)
Generalized linear mixed-effects modeling results implied the lower soil layer harbored fewer seeds than the upper soil layer
for mainland and island forests combined. Compared with mainland, island forest soil harbored more seeds of herbaceous
plants than woody plants. In island forests, the lower soil layer harbored less seeds than the upper soil layer; seed number
in soil decreased as distance from edge increased, especially for herbaceous plants; among woody plant seeds, seed number
of shade-intolerant plants was considerably larger than that of shade-tolerant plants, especially for the lower/soil layer. The
results suggest the soil seed bank composition of Masson pine forests in the Thousand Island Lake region was altered by

habitat fragmentation, which might influence the succession of Masson pine forest communities;,

Key Words: secondary succession; habitat fragmentation; subtropical forest; soil seed bank
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Pl JET0 A ORI A BSOE 55  ARR SRR R, 0 T 5 il AR ) Z R R AE S R BT RE
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1.1 WFzs s

ETAZTLK P (29°22'—29°50" N, 118°34'—119°15" E; |8 1) v THITL A 2 BB, 2 1959 AFE 4
YT HL S B B N TR . i 7K A 108 m B WP AT 1078 NTHIFR >0.25 hm (A BliAfs & 005, S A5 44« T 5
W7 HAEPEKZ 60 km, B 562 59 km , KAL) 583 km?® , FHI/KIE 34 m, B 178.4 12 m® . HBIXPES
% Ay MUY PR 70 XU A, TR, DU 2R3 W], ARES0OR 17 °C AR R /K & 1430 mm, T3 220
bt 20, O RAERE 1 22 . KIERERT, JA RIS AR itk . HAT, 2R XN B 0 PR 26 R
>88.5% , EE U A L RRARA )

R 5 [ A BRI 5 O B AR S SR ) Al ARS8 AE T 55 18 29 A 505 sy 7 B pkah &
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Fig.1 Study islands of Thousand Island Lake
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BTREN (K25 C ;2 RIE 60% ;6 B FI 14 h:10 h) ™ A HERBK 1R, & Higs e
PSRRI BB, | B 6 40 RE AT W Rl S I RIVRT B, OB R B O AN 1 R Ak BB A 4 AR K B e g st
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Table General information of sampled islands and soil bank quadrats

5 MR FET5 8L 55 T A BT
Island tag Area /hm? No. of quadrats Island tag Area /hm? No. of quadrats
168 0.081 1/0/0 131 0.788 2/0/0
134 0.12 1/0/0 158 0.839 2/0/0
160 0.14 1/0/0 178 0.854 2/0/0
136 0.187 1/0/0 175 0.862 3/0/0
159 0.189 1/0/0 1113 0.986 2/0/0
173 0.254 1/0/0 164 1:307 2/2/0
132 0.255 1/0/0 137 1.317 3/2/0
150 0.288 2/0/0 163 1.326 2/2/0
133 0.365 2/0/0 177 2.562 2/2/0
174 0.395 2/0/0 143 3.696 2/2/0
169 0.416 2/0/0 117 9.793 2/2/1
114 0.464 2/0/0 B7 27.494 2/2/1
135 0.531 2/0/0 B6 47.976 2/2/0
115 0.618 2/0/0 JSE 1153.876 3/3/0
172 0.688 2/0/0 x* — 0/0/4

CREITB FoR RN EIAN < 2/2/17 Fom “ S G/ TR/ IERT BIRE T AN B R 2 2 15 #, KR

FERAERRAC TR R 14w e WS SIS SR S 2 i i AR TR B IR TR 22 M1 i 225, L3 i
T S AT KR R AR TR AR N R AR A TR R R A TIORE T
fift LIRS . AFBEER, Bt 2 DA, BRI T 3 ARIJTG, 2eikgk 16 i, R
FeJa B SERT 5 AW R 13 )4
1.2.3 Fithk

TE AT L SERh 2 2H W 5 i PR R I T P B D 4 RO R O IR 2 AR A
(4n,316 > HIFEREAHT | 104 ( Rubus corchorifolius ) F4EFH] ( Vitex negundo) %1 W H B ZE I REA K S 43591 M
152 1260 ), T EE KAV AL (zero-inflated Poisson model ) #FATHIFZ) | %4l ad ) Lk PEIR
AR SR MOM Celmm” B P61 MCM Gl J7BESCHL ™ , FE0E7T T 4 A JRKIOAMAT K Y
S ARSI S RO A S M S SRR SR04 . (1) R U R A A
AL (ARAHEY) vs. FAKEY)) FrBUk R vs. B0) (H3EJR (L LR vs. 2IETR) (T (X5 vs
1 2m), URAR AL 5 HAWIZ B 52 HAE T o (2) A S0, [ SO0 A 4G AR Bl 32 225 G Gmh b
R (R UGEERRG A f/NIES ) By TR DL ROR AL 5 HAW IR Z [R5 EAE T (3) Bl B R ARA FIE A
T, A 46 TR = GAGHE FRE AT (4) 05 1 AN R B 1 AR A AR, T 5 R0 465 T
BAPE (it BAAEH vs. AN BIAEY)) (L3RR F=0 GhGp L FRe Ay A, Bk 4 DNE R BE
BLRR, A )l JOREDX (RISl X T8 — MRS SR A5 KRl ) |, LA R SR URE DX P A JBORE 0 (B 20 mx
20 m BEJT) o FRAIEREAE FH 0] /5 HIBE (backward elimination ) . #7 ff A5 54 A SE 4R AY 38 3o S| B3 — AN A &R
J& , FEEASERL AlCe (R84, #8080 2 R L b R RY (] A 2 22 5 W B BRI = PR B .
ATIBFIAE R 3.1.0 BPEHaAT >
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316 > T IEREACIE T & 4 1422 bR SRR T 29 40 J& 41 B Hh ORAHEY) 13 Fh 1024 £k, FEAY)
il 28 Fir 398 H; it BAAE A 12 F, AN B9 29 T, 585 BHE W 9 1 B 2, 28 849 #k, o 4l i B AR5
59.7% ,H i Z W ST (Rosa laevigata) FILIEE (£ 2) , 29 D EUGFIRFIAEA 111 SPFh Hh FOA
24 F  RA 8T Bl (K 34 Bl BEAR 52 Bl RBTREAS 1 A1) o X A48 LIS IR A0 Sk i AR AR ) b oA B %)
HIA 21 B I BARRCA 30 4>, AR A4 AT BRI R B 22, R BRI RIRZ 30— P2 AL AR R
AL TN 22 4 P [A] Jaccard AHRITE RECH 0.169, 4 FZ=T LR R W 2B ] Jaccard AHALIESS
Bh 0.585, & BFET LR R S A REAAE Y p=0.59 (P<0.001) , KAAEY) 1 p=0.87
(P<0.001) , 3 F20 BN Jaccard AIEFEECH 0.690, +3E R EF T B4 D1 dl ik , &

AAEYIN p=0.8 (P<0.001) , KAAEYH) p=0.93 (P<0.001),

F2 T RMMEKRE DR A L 5ER 7 B i H 4 i H AR

Table 2 General information of the composition of seedlings germinated from the soil seed bank in the secondary Masson pine forest in

Thousand Island Lake region

B4 i LR ifif 5 442 PGt
Family Species Abundance  Shade tolerance Woodiness
Bl Rosaceae AT Rosa laevigata 535 AT BH KA
#F Rosaceae 11%¢ Rubus corchorifolius 312 ANt B AR
HEEL Tiliaceae bk Corchoropsis tomentosa 98 ATt BH HAR
FEASAER} Ericaceae FLBY Rhododendron simsii 82 ANt B AR
ILHREA} Verbenaceae #1301 Vitex negundo var. cannabifolia 36 NG A
45%} Compositae FUM 5 Gnaphalium affine 35 NG AR
HF} Cyperaceae T Cyperus rotundus 35 NG AR
Hi®l Ulmaceae 1R Trema cannabina var. dielsiana 31 AT BH AA
Rkl ®l Phytolaccaceae TP RIRE Phytolacea americana 28 ANt B AR
RAF} Gramineae A Fi 5 Eleusine indica 25 ANt B AR
ARAF} Gramineae I, J% Digitaria sanguinalis 22 ANt B AR
BBl Acanthaceae BLR Rostellularia procumbens 20 it B TR
jiEl Solanaceae H 3 Solanum lyratum 18 ifit B AR
%} Compositae HHEK Youngia japonica 17 NG TR
KBl Euphorbiaceae ik Euphorbia humifusa 17 ANt B AR
4:JYF} Umbelliferae BUEHE Centella asiatica 17 ATt ] LXS
45%} Compositae WF1R{ Crassocephalum crepidioides 12 it B TR
G2 HFRL Haamelidaceae MEA Loropetalum chinense 10 it B AR
7iEl Solanaceae JeZE Solanum nigrum 10 AT AR
%5} Scrophulatiaceae PRI AH Y2924 Veronica persica 9 AT ] AR
Ll 2 BE Verbenaceae TJESE Premna microphylla 8 it B ARA
Ak Euphorbiaceae BRIWSE Acalypha australis 6 N A
J%} Compositae —4EFE Erigeron annuus 5 NG AR
BESER} Papaveraceae 9% [8] Macleaya cordata 4 ATt B HAR
£ R} Polygalaceae TR RE Polygala hongkongensis 4 it BA AR
4%l Compositae T SE Sonchus oleraceus 3 AT BH WA
FAR} Pinaceae Lindl. L2 AR Pinus massoniana 3 ATt A AA
TRl Amaranthaceae BT Allernanthera philoxeroides 3 AT B AR
A Rosaceae LiBEA Raphiolepis indica 2 it B ARA
3%} Compositae FEFH] Ageratum conyzoides 2 NI B
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P 4 2 i 4 AL
Family Species Abundance  Shade tolerance  Woodiness
FRKF} Crassulaceae %3 Sedum aizoon 2 NG B
P55l Rubiaceae WEF Gardenia jasminoides 2 ifit A ARA
AR Liliaceae FaR 1% 4% Liriope platyphylla 1 fiif B B
JEH R Labiatae EERE S Scutellaria indica 1 T ] A
KR Euphorbiaceae 5461 Sapium sebiferum 1 NG A
£ FL Aquifoliaceae 295 Ilex chinensis 1 it B A
#2F} Chenopodiaceae itk Kochia scoparia 1 NG HAR
EEF Ranunculaceae B E Ranunculus japonicus 1 At A VN
HiZEL Vitaceae 8% Cayratia japonica 1 ATt B HLA
11 25F} Theaceae W2H5 Eurya muricata 1 ifit B ARA
ARl Caryophyllaceae BRFEH: Cerastium glomeratum 1 ANTRBH A

7 CERNER A R TGS R R X T B WA R = 5, BN 2R PR R T L= A, R
Bli - EARAAE YR T LI B 0 0 (32 3) o W TR, R R A S ECR AT LR B S IR,
RO T R UHRE A T (R 4)  XTORRIIRERERI TR A  ARAAE Y TR i
JEGINERT T K T e A BT RO R 1B SR YOITR T FEAh SO Bl 246 FE S R R R (5) . A
AAEA Tt BAR A o150 W AR T AN AR , LTS SR e 5 B 2 IR A B IR TE R (R 6) [

A, 0 A 0L 0 T RR JEEDR A K50 B 2 88 25 X 5 0 - S 1 AR i A 3%

®3 RISEXRMTEMTFEREARMMERNT LEEREUMER

Table 3 Results of generalized linear mixed models for the factors effects on the soil seed bank compositions of the islands and mainland

At BN 95% {7 X [1] P
Variate Effect 95% Confidence interval

AFAL (ARA) Woodiness (woody) 0.53 -0.53—1.73 0.38
+Z (FJ2) Soil layer (lower layer) -0.65 -0.91—-0.39 <0.001
Z=T5 (& Z) Season (winter) -0.09 -0.36—0.15 0.54
HBeAt (KHfi) Fragmentation ( mainland) -0.79 -2.23—0.4 0.21
KT (AA) x £2 (FJE) Woodiness (woody) X soil layer (lower layer) -0.15 -0.52—0.24 0.44
KTl (RA) x Z47 (& ZE), Woodiness (woody) X season (winter) 0.08 -0.25—0.43 0.71
KT (KA x FBHk (KRfili) Woodiness (woody) X fragmentation (mainland) 1.36 0.51—2.17 0.003

A AN AR NP R 2R A A 22 57 MO TR A IR B OE AR  pln AR Bdl (R ) 7 AYBON AR 0.53, Herf R B4R S 9 AR AH
TR, AR (RAS )30 : IR NS I AR R TR0 0.53 4%, Xt TAEARM, flin “ AR (RA) x FBefk (K
Fli) " RO R 1,36, Ferb R BA AR ARIFEAPIZE ; Jr BoAL GG KB A IS e . “ARBU (RA ) x JrBefl (CRRE) 7 37 : LU IS HYA
AW 5 AR YA Bt 22 5 S I KB ARAS ) S AR R T RO 25 57 1.36 fiF . P<0.05 FRIRANL R, P<0.001 FRIRRUAR B &

4 BUSTIHTEBEKTARN SR LER

Table 4 Results of generalized linear mixed models for the community level soil seedling bank compositions of the islands

KIS 1 AR 95% E 17 IX.[H] p
Variate Effect 95% Confidence interval

AKJFifl (AKA) Woodiness (woody) 0.63 -0.48—1.74 0.27
+J2 (FJ2) Soil layer (lower layer) -0.75 -0.92—0.6 < 0.001
Zx 4y (%&Z%) Season (winter) -0.08 -0.29—0.12 0.49
NGHE Edge gradient -0.33 -0.49—-0.16 < 0.001
B U5 TR Island area 0.13 -0.14—0.44 0.33
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A AR 95% A X I »
Variate Effect 95% Confidence interval
FBS BE Tsolation 0.04 -0.2—0.23 0.8
KB (ARA) x IZABEE Woodiness (woody) X edge gradient 0.33 0.1—0.49 < 0.001
KB (RA) x BEESE Woodiness (woody) X isolation -0.03 -0.17—0.12 0.78

IYAR IR LR 1 3% AT Tk g AR e RIS e (91 AL o P P28 A —0.33 , IR S BRA E BR A R 1, HRURE (38 R -
0.33 1%, ML JE TR 0.33 15 . X TACEARI, Bl RBf (RA ) x WEBBEE” ISR 0.33, 3R MBS BE R R 1, R Bk (OR7R) 1)

UOBAEHE K 0.33 fi5, P<0.05 F/RZUN B3, P<0.001 FR/RZUN B 3

x5 RBUSTHEMFEARMERENHFHERN NEEREUNER

Table 5 Results of generalized linear mixed models for the composition of woody and herbaceous seeds in the island soil seed banks

Akt

Bon

95% E {7 X [i]

Variate Effect 95% Confidence interval P

ARAKEY) Woody plant 12 (F)2) Soil layer (lower layer) -0.81 -1.1-=0.57 < 0.001
SIS Island area 0.2 -0.09—0.47 0.13
FRBIRE Isolation 0.08 -0.12—0.26 0.43

A b AR 95% A X I P

Variate Effect 95% Confidence interval

FIAAY) Herbaceous plant +J2 (TJZ) Soil layer (lower layer) -0.72 -0.97—-0.48 < 0.001
ZY (& ZE)Season (winter) ~0:06 -0.31—0.22 0.67
WK Edge gradient ~0.27 -0.49—-0.05 0.03
B USIZARFEEL Tsland shape index 0.13 -0.32—0.49 0.49
B 25 Tsolation 0.07 -0.24—0.28 0.55

RO IS SUARBE WL 52 3 ISR 4 15 P<0.05 R38N B3 P<0.001 F78 350w i %

®6 BISARHAMEARENTFERK XEEREHMER

Table 6 Results of generalized linear mixed models for the different shade tolerance woody plant seeds in island soil seed banks

At B0 95% HL 1% IX [i1] P
Variate Effect 95% Confidence interval
M BAYE (A BH) Shade tolerance ( shade intolerant) 3.59 1.58—5.46 <0.001
T2 () Soil layer (lower layer) -2.85 -3.75—1.67 <0.001
Z=T5 (& Z) Season (winter) 0.64 -0.38—1.64 0.15
BT Island area 0.21 -0.08—0.46 0.11
I GEAR R Edge gradient -0.38 -0.77—0.08 0.14
B (i gy iE o= . 2.15 1.08—3.17 < 0.001
Shade tolerance ( shade intolerant) X soil layer (lower layer)
MBI CAM ) x 95 (&5%)

-0.74 -1.64—0.33 0.16
Shade tolerance (shade intolerant) X season (winter)
i ‘ ST 4% kb e
I BYERQINITT) x SR 0.36 -0.04—0.79 0.08

Shade tolerance ( shade intolerant) x edge gradient

WOV & SRR ILER 3 FIFE 4 1, P<0.05 FonRO B2, P<0.001 F/R8 800 # i 25

T B WA S RASAR N, BORE L S A0 i R SR A R AR R ¢ IR T LSO 2 O AN B AR AR R REAAE )
MIARAS M SR AP 3kl GBI RO i BeAb kA B AR AR T Sk i BR L9 K, DB IR AR BT IR 0 2, B &
AN BRI AN AR AR A, %SRS B B AR LR T R I A R 2R — B i S R Lo
AR BORMAN T PRI FE S5 RBAFF A1 TFI, E 371 5 AR 7 (S b b R AR L
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RAE , Jaccard AR 0.169 ,1Z45 RR BN T 1l b FZAEBR RO YRR, L3 mh 7 P rp i YIRS AR S 2
FHXTRE o 12028 SR 5 3 S AT HU At X 5 R AA MR SR 1 PR OB S 5 AR BROR R HERh 7 R T R 2
AR R T 3l EAEvE h R R SO R A B RRE

& BT LT R AR S AR A AL RESE T SRR T O 2 O A O AR SRR BT
F) T 220 TR BUBAE Y (ruderal species, 38 2) | RITE 2 + 54T ARG #0F A BB &2 A . X2
TR 0] A P ORI B R TR] , 5 3508 31 R 2 w3 - 33 il AR sl S TR 2028 AL et | 4 REARR BR AR,
HEABZERT B
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