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Abstract: Spartina alterniflora is a typical alien invasive grass species with high reproductivity and adaptability but few

natural enemies. S. alterniflora reduces the biodiversity and alters the structure and functions of the coastal tidal wetland
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ecosystem. The Pere David's deer Elaphurus davidianus, a Level 1 national protected species in China, is a paragon of
wildlife ex-situ conservation. However, the increasing deer population may induce significant concerns, e.g., the lower
stability of wild populations and the decrease of the environmental carrying capacity of conservation areas. E. davidianus
prefers S. alterniflora for grazing, and the grazing activities regulate the spatio-temporal distribution of S. alterniflora, which
could potentially improve the functions and stability of the coastal tidal wetland ecosystem. Meanwhile, it could be beneficial
to accelerate the return to the wild state process for E. davidianus. Although some work focusing on E. davidianus
conservation and S. alterniflora prevention has been done, few researches paid attention to their interaction mechanisms.
Here, we illustrated the coupling development model and potential interaction mechanisms of E. davidianus and S.
alterniflora based on the grassland agroecosystem theory (i.e., nature-based solutions for overcoming system discordance ).
We then attempted to break the traditional pattern that split the endangered species conservation and invasive species
prevention, and explored the guidelines and practice of terrestrial-marine agriculture. Finally, we discussed the UAV-based

space-air-ground integrated monitoring and analysis system for E. davidianus conservation and S. alterniflora prevention.

Key Words: grassland agroecosystem; endangered species; biological invasion; grassland-livestock interaction;

system discordance
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Fig.1 The morphological and physiological structural characteristics of S. alterniflora
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Fig.2 The potential interaction patterns of S. alterniflora controlling and E. davidianus conservation
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Fig.3 The S. alterniflora disappeared from the fixed monitoring points after heavy grazing of E. davidianus since 2019
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Fig.4 Comparison of the effects of system coupling vs. discordance of E. davidianus & S. alterniflora on ecosystem functions and services

() GHERES N A, SHEAE AN 2R G RAU R L R DER R, — 7, RS R SR
A BT E ALK R O A0 T AR E R [R5 2T J e 0 s , FH T IPA R & R Rs ARSIt
PEAT SRR Bl 5 | S R A SRR B R R S RS R SRR, S — T, TR RS
R G 25 K05 FE AT TC N HL LI 5, 380 A 2 000 0 25 M 0 R K Bk i 38 7 455 7 9 B AR K s R R 0 9 8 () an )
JH FragMAP G0 8 i 2 U ) A 300 s o W 770 ) MR B R AR s ) R e, R P 4 Bk 16 R 48 ( GPS) Tl
Rk 25 F T EAR A5 T B A JC AR AR WD BERE RO AT AR AR RS A S AE 7 SE I AT M BN T
VAR BB B A A 0 G Ak R ik RS 4 A AR A BHBE R TG B 8 A R A e S T B | S B 1)
IR E ) = 0 XEUR R 6 S0, BV ORI 5 3R 40 T R & e g [m) Bsf o Jon o BE RE P AL, | I 1 SR A 7
52 WiREE

FrRUEAG Y EEREBCE A R BAEOK R & BRIERN G RS R R B ZAR IR, AR E P Rems 25 M LUT
ik .

(1) Wi SRR R 38 IR AGORS JE I $ TR TC ML A B A2 MR B o °F- 15 19 B s, Sk b
B BRG4SRG8 W TR R R B T R AR S nT S A 28 T A K R B A AR A A R A
Brsg i FLi 23 00 A B SR 22, T MR AR 3R IZ W Pl AR B AR A 240 B | St K ME B 45 A5 BAE B, o mT of
if W00 BB R 1 A | AR PP I 23 AR I S A DL R BRI IS 0 BB UL, 25 6 A AR A B B A M AN
TRZ | DT B RE R AR 5 LA SR R 2 ) G 2R | Dl R RE PR 5 IR AR 2 0 P I, (12 2 R R P e ik e 2 Jre LR
AR A

(2) PMETEE AR AR v T A s RIS A 2R 45 A s DXl B 4008 10 15 S S i AR 24 9 - 65, S BB
P =2 700 M $E v T RUBS BB 7 80 a3 e P 1 32 A S BB EE T BB K A Y EE BN | B R L2
B T 7 ﬂ]%”%%ﬂ%éﬁﬁﬁﬁwzthu“‘” RUGAERZ YT AR YRR % B Y
T, KA R - W Bl TR -2 T & R B SR I R AR R X I P R) | — AR By SRR, IRk, IR TR
G RGN A" B%'?&F%ﬂ{ﬁfiﬁt,ﬂ% 5EHIE RG, B WKIE FragMAP R 40, (5 BI#%
S (FHLEE) FTH BTSN RBER T WS 535X, W5 SREOCERF & A SR ARSI 1) A
KRRTERE) 5 RIS 3 Bl B R b R e A IR R A S R e s SR 0T R R R A AR RS R

http ; //www.ecologica.cn



51 PN A AR SR TR RE ORI 19 R SR A —— 2 T A AR IR T 5 1889

GERl G B AR W PR AR R AR S SO B B AU o, A 3R R R B il 3 i S e i

(3) il B P %EIF‘P*%@%?FWBQE’J%@%%HF#\JEE O, (R e 2 45 S OH S ) L e RO AR T
TR NEED . BEREAERES R G PTEAEXELL [ AR JABEFPIESS A, Bt BREE i) BEFE A PR d T AL, vl i 45 [ B b
X R IR B R AT T b A A R R AR 45 A 110 T X0 T M A R R A A SR B — S 1R ol Y 45 A 4 £
PEHE AT Bl nT 7 B RIS RV R BT ARG IE O RN, LA i
L, %hﬁlﬂﬁfﬁélﬁ%%k%“” JRRVE R (AT AR 722 ) (R R (SR IR ) T R AR R R AR T
MG RGN ES- ST o

£ 2% 3L ik ( References) :

[ 1] BaEIE, =k, 256, RIEE, WS, BIROHERE, SRFIRL. A= 8 5 BrE R bk 28 B X T AR K B AR T 5. AR 7574z, 2018, 38(18):
6632-6641.

(2] #fhfh, ZEFE, XEKk, FER, ST, Lo SAUGRREIERERREERU . A%, 2014, 34(14) ; 3839-3847.

[3] LuMY, MaoD H, Wang Z M, Li L, Man W D, Jia M M, Ren C Y, Zhang Y Z. Rapid invasion of Spartina alterniflora in the coastal zone of
mainland China: new observations from landsat OLI images. Remote Sensing, 2018, 10(12) . 1933.

[ 4] Zak, Bbel-, BACE), ®BUE, kB, SR B AEKRFAARZ I MIME A 25 R G55 D RE 52 e SOHAS B I d i, 2005, 24(5) -
33-38.

[ 5] Zhang Y H, Ding W X, Luo J F, Donnison A. Changes in soil organic carbon dynamics in an Eastern Chinese coastal wetland following invasion by
a C,4 plant Spartina alterniflora. Soil Biology and Biochemistry, 2010, 42(10) : 1712-1720.

[ 6] W, 8. SORARME AR EPRATIEE. MAAESYR, 2018, 29(10) : 3464-3476.

[ 7] QinP, Xie M, Jiang Y S, Chung C H. Estimation of the ecological-economic benefits of two Spartina alterniflora plantations in North Jiangsu,
China. Ecological Engineering, 1997, 8(1): 5-17.

[ 8] WM, Mg, why 5. MRS LKA R PERMA BT, spIE AR 3, 2019, 27(12) : 1870-1879.

[ 9] Xidlk, B, P, B, KA TRIMAB LRI, DA%, 2004, 15(4) : 673-677.

[10] Daehler C C, Strong D R. Status, prediction and prevention of introduced cordgrass Spartina spp. invasions in Pacific Estuaries, USA. Biological
Conservation, 1996, 78(1/2) . 51-58.

(1] FEszie, TERE, BHHE KEREEF IS R 5. BFA 3, 2009, 30(6) : 299-301.

[12]  TEME KEEA R A T IORR RIS, B4, 2009, 30(3) : 118-120, 139.

[13] T hbdh, BEXR, Rorl, T XA, W5, BSLIK, T8 IR 1A BRI R SN SO . BP2E sh2A4i, 2015, 36(3) : 265-269.

[14])  Fonfs, sKONGE, #hee, Baowt, W, @RM. PEBERARE D 35 48, DI U SPkaR. MR, 2021, 29(2) : 160-166.

[15] T R4 BERERIARE 35 4. Refh&uralifid, 2021, 24(9) . 1-2

[16] e, fmems. KR ERREGR I BUR S IRl R AR . LR, 2019, 47(5) ; 107-109.

(17]  SKET, PO, 230, PR, RRaom, @D, S, BRIRTE. P IR BT e frgr BUR SR BB AR 4r A 1. ARl BEURAT 3, 2017
(2): 16-22.

[18] Commission E. Towards and EU Research and Innovation Policy Agenda for Nature-based Solutions and Re-naturing Cities. Final Report of the
Horizon 2020 Expert Group on " Nature-Based Solutions and Re-naturing cities, 2015, pp:74.

[19]  RiEW. HALKE LEITE R B EN. RS, 1997, 15(1) ¢ 11-19.

[20] Z=4%, TEO4H, 4EONGE, W, IR, kel 255, REEMERIE IR AT kR, Mol B JR45 3, 2018(2) . 24-28, 137.

[21] AnS, GuB, ZhouCF, WangZ S, DengZ F, Zhi Y B, Li HL, Chen L, Yu D H, Liu Y H. Spartina invasion in China; implications for invasive
species management and future research. Weed Research, 2007, 47. 183-191.

[22] EM, ZME, D%, B, BRETE, 2. ARMEWEIEKG A%, £ A, 2006, 44(5) : 559-588.

[23] LiB, Liao C Z, Zhang X D, Chen H L, Wang Q, Chen Z Y, Gan X J, Wu J H, Zhao B, Ma Z J, Cheng X L, Jiang L F, Chen J K. Spartina
alterniflora invasions in the Yangtze River Estuary, China: an overview of current status and ecosystem effects. Ecological Engineering, 2009, 35
(4):511-520.

[24] LiuJE, Zhou H X, Qin P, Zhou J, Wang G X. Comparisons of ecosystem services among three conversion systems in Yancheng National Nature
Reserve. Ecological Engineering, 2009, 35(5) : 609-629.

[25] Beaumont N J, Jones L, Garbutt A, Hansom J D, Toberman M. The value of carbon sequestration and storage in coastal habitats. Estuarine,

Coastal and Shelf Science, 2014, 137, 32-40.

http ; //www.ecologica.cn



1890 JAE = 44 %

[26]

[27]

[28]

[29]

[30]
[31]

[32]
[33]

[34]
[35]
[36]
[37]
[38]
[39]

[40]
[41]
[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]

[58]
[59]

Zhang X H, Zhang Z S, Li Z, Li M, Wu H T, Jiang M. Impacts of Spartina alterniflora invasion on soil carbon contents and stability in the Yellow
River Delta, China. Science of the Total Environment, 2021, 775, 145188.

ME K, TR, BB, FKSF, BRI, B, PRk, ZEL0E. AMORBR IR K AR SR L L. AR, 2006, 26(8) -
2678-2686.

Alpert P, Bone E, Holzapfel C. Invasiveness, invasibility and the role of environmental stress in the spread of non-native plants. Perspectives in
Plant Ecology, Evolution and Systematics, 2000, 3(1) ; 52-66.

TRAKE, XIBKAE, BR4suh. VLRI B ALK H ( Spartinaalternifloraloisel ) b VA4 @ o 2 i3 B A3 AT, M HEUR 5 BB 444, 2002, 11(2) .
33-38.

XUFRNE, SRS, TTALE, Eox. TR M AN B A K T (i 23 Sl 25 B 5ollas . AR 2241, 2009, 20(4) : 901-908.
Hedge P, Kriwoken L, Patten K. A review of Spartina management in Washington state, US. Journal of Aquatic Plant Management, 2003, 41(2) :
82-90.

W, 0 F . AHYISER AR XX AR R G, R, 1999, 19(4) : 560-568.

Adam E, Mutanga O, Rugege D. Multispectral and hyperspectral remote sensing for identification and mapping of wetland vegetation: a review.
Wetlands Ecology and Management, 2010, 18(3) ; 281-296.

WO, BERENESE. 1. SRR ECE R, 2005.

BAcE. BEREIRTIA AR SR AE S RE M. hEZIY A SIe T 7SETEAR S, 1997.

FIMAE. BEREA 2o, dbat. JumBkeasR i it 2014.

FREEBE, BRI BFA SO B P EAEAR. v R SR, 2018(8) ¢ 50-52.

TR, R, W%, TEE KRR I S, 22440, 1996, 16(4) : 259-263, 261.

XM, 235, BEPHY, VR, ESzik, XUPETT, £SO, PhAe. AT 3l % 710 B R A A7 1 S i B AR 4 X5 a3y, 2021, 40
(2): 176-182.

TR BERE SHAERE (D RN, R RS, 2009, 12(7) : 5-6.

FLIRE. TR REZE KA R AL SRERIBIE. HEEZAMER, 1994, 11(5): 27-31.

Blob R W, Labarbera M. Correlates of variation in Deer antler stiffness; age, mineral content, intra-antler location, habitat, and phylogeny.
Biological Journal of the Linnean Society, 2001, 74(1): 113-120.

Blob R W, Snelgrove J M. Antler stiffness in moose ( Alces alces) : correlated evolution of bone function and material properties? Journal of
Morphology, 2006, 267(9) : 1075-1086.

SRATSE, WP, 95N, @R, B, R, AR, TEAE, R BRIEIE R S AR RS, A, 2022, 42(1) -
1-10.

TES, KW, EALP, MAW, BPHPE, oK. ASTR B T 4008 B X B - 3 B AL R 52 . AR A5 AR, 2020, 40(11) .
3571-3578.

M7, WA, 28« skEgIL, BEZENE, XIVE, SCaEm. BEREAS S IR B A T2 s 9 A8 7= g B8 SR o WFoE. KEABHM,
2021, 42(7) : 65-69.

7R, INKW, SRR, Foril, A, thfe, XW, BRER. Lo RFERERK R H A RY X BREESET- . S84k, 2022, 42

(6): 741-748.
SR, XUPRYE, FOIMEE, IE, R, BT, R, B, BRI HR R A DUBO IS AR R, RERA SR, 2018, 41
(10) : 13-20.

TEAE, TR, MK, R, b EEFAE BERERNRE & JRSRIEERIT. LMl RHEL, 2018, 45(5) : 49-51, 56.

R4k, B A 255, dEst, shEOl L, 1995.

TEARJE, TSR, REGHE S5Hc B —aN S Al R Ge—— DIARTE L — GBI . Sk 244, 1994, 3(3): 1-8

ARARJE, A%z, v ) V4 8 R b AR M i FE A A R A E 19 R G AR —— R R BB R ——. FOl2A4T, 1995, 4(1) @ 69-79.
TEARJE, BRI, B7°, K28, FEUE. BN AL RS SEIRL Bl22H, 1995, 4(2) . 11-19.

ME T, BERIE. BRI AESRE T RS E S REMIEM RIS, A8, 2004, 24(6) : 1252-1258.

Bertness M D. Zonation of Spartina patens and Spartina alterniflora in new England salt marsh. Ecology, 1991, 72(1) ; 138-148.

FEARSE, 2RIk, BEERTT. B AR S AR o0 SR S a g R AZS 240, 2002, 13(8): 1017-1021.

McNaughton S J, Banyikwa F F, McNaughton M M. Promotion of the cycling of diet-enhancing nutrients by African grazers. Science, 1997, 278
(5344) ; 1798-1800.

BEERTT, B 2. BB B VE . 23524, 2006, 26(1) : 244-264.

Sala O E, Chapin F S 3rd, Armesto J J, Berlow E, Bloomfield J, Dirzo R, Huber-Sanwald E, Huenneke L F, Jackson R B, Kinzig A, Leemans

http ; //www.ecologica.cn



5

PN A AR SR TR RE ORI 19 R SR A —— 2 T A AR IR T 5 1891

[60]

[61]

[62]

[63]
[64]

[65]

[66]

[67]
[68]
[69]

[70]

[71]
[72]

[73]

[74]

[75]

[76]

[77]
[78]

[79]
[80]

[81]

R, Lodge D M, Mooney H A, Oesterheld M, Poff N L, Sykes M T, Walker B H, Walker M, Wall D H. Global biodiversity scenarios for the year
2100. Science, 2000, 287(5459) . 1770-1774.

McKinney M L, Lockwood J L. Biotic homogenization: a few winners replacing many losers in the next mass extinction. Trends in Ecology &
Evolution, 1999, 14(11) . 450-453.

Pimentel D, Lach L, Zuniga R, Morrison D. Environmental and economic costs of nonindigenous species in the United States. BioScience, 2000,
50(1): 53-65.

S, BURETT, JTMAR, WRER, E3L IR B ARG DRI IR BRI T —— LA SRR RS R [ R AR PR O . A A
%, 2015, 35(23) . 7899-7911.

Ives A R, Carpenter S R. Stability and diversity of ecosystems. Science, 2007, 317(5834) : 58-62.

TSz, SR, OO, mREE, BTN, B, B, WRPCR, UL, F3Cl], B, FUKCE, #E], B, ERIE. Al
A ERE A 2R B Hose k. B A, 2018, 63(17) : 1619-1631.

Bai Y F, Han X G, Wu J G, Chen Z Z, Li L H. Ecosystem stability and compensatory effects in the Inner Mongolia grassland. Nature, 2004, 431
(7005) : 181-184.

Isbell F, Craven D, Connolly J, Loreau M, Schmid B, Beierkuhnlein C, Bezemer T M, Bonin C, Bruelheide H, de Luca E, Ebeling A, Griffin J
N, Guo Q F, Hautier Y, Hector A, Jentsch A, Kreyling J, Lanta V, Manning P, Meyer ST, Mori A S, Naeem S, Niklaus P A, Polley H W,
Reich P B, Roscher C, Seabloom E W, Smith M D, Thakur M P, Tilman D, Tracy B F, van der Putten W H, van Ruijven J, Weigelt A, Weisser
W W, Wilsey B, Eisenhauer N. Biodiversity increases the resistance of ecosystem productivity to climate extremes. Nature, 2015, 526 (7574 ) .
574-577.

B, Mg, BN RS, ZESE, RGN, XIEAE, TR, SR B AR FEEAL QAR . BUBTERL S EORGERE. Bl
Wik, 2020, 65(34) : 3898-3908.

Tilman D, Downing J A. Biodiversity and stability in grasslands. Nature, 1994, 367(6461) ;. 363-365.

Naeem S, Li S B. Biodiversity enhances ecosystem reliability. Nature, 1997, 390(6659) : 507-509.

Tilman D, Reich P B, Knops J] M H. Biodiversity and ecosystem stability in a decade-long grassland experiment. Nature, 2006, 441(7093) :
629-632.

BRALNI, ELERAE, IREEHE, Wl B SE T RO AL A R AR 5 R 7 ik FUWF ST Ak 2241, 2014, 23(6) : 20-27.

Sun Y, Yi SH, Hou F J, Luo D W, HuJ Q, Zhou Z Y. Quantifying the dynamics of livestock distribution by unmanned aerial vehicles (UAVs) .
a case study of yak grazing at the household scale. Rangeland Ecology & Management, 2020, 73(5) : 642-648.

Zhu X D, Meng L X, Zhang Y H, Weng Q H, Morris J. Tidal and meteorological influences on the growth of invasive Spartina alterniflora:
evidence from UAV remote sensing. Remote Sensing, 2019, 11(10) : 1208.

INSC, Zek, BAOREE, N, sRAOF, XA, SR, ERE. B YR 2RI BE Oy vk BOR SR . N AR SRR, 2022, 33
(3): 655-663.

Yi S H. FragMAP: a tool for long-term and cooperative monitoring and analysis of small-scale habitat fragmentation using an unmanned aerial
vehicle. International Journal of Remote Sensing, 2017, 38(8/9/10) : 2686-2697.

SRMET, BRIRTT, SRORIR, AR o BRI EUR SV SRR L. ARoll i AR, 2009, 34(4) ; 41-45.

HOMR, IBARA, BRAETE, EMETE, B30, F, YT LA B AR B AR OC RS T RN A AL BT B, 2011, 43(4) : 89-91.
Liu J G, Dietz T, Carpenter S R, Alberti M, Folke C, Moran E, Pell A N, Deadman P, Kratz T, Lubchenco J, Ostrom E, Ouyang Z Y,
Provencher W, Redman C L, Schneider S H, Taylor W W. Complexity of coupled human and natural systems. Science, 2007, 317 (5844 ) .
1513-1516.

FEARSA. o s i DA st e ol 0 Al B A e 38— IRl S IR L IRAAL B B R — S B . Bl 240, 2020, 29(8) : 1-5.

Foose T J, Foose E. Demographic and genetic status and management// The Biology and Management of Extinct Species Pere David’s deer. New
Jersey: Noyes Publications, 1983, pp:133-186.

W)L Ry A BN IR ROR R, 1997

http ; //www.ecologica.cn



