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Forgotten urban habitats. Analysis of spontaneous vegetation on the urban walls
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Abstract; Cities are known as “concrete forests,” and they have substantial walls of many types, including buildings, free-
standing (boundary) , and retaining ( those used for reinforcing slopes or to confine river channels). Generally, these
completely concrete walls are not considered as habitats. Using a typical mountainous city, Chongging, as the case study,
we aimed at exploring the possibility that urban walls can act as habitats in cities. From September to November 2017, we
surveyed 120 walls, across 359 sampling quadrates, to obtain spontaneous vegetation data and associated wall
characteristics. The effects of wall characteristics on the variation of spontaneous vegetation was calculated using variance
partitioning and canonical correspondence analysis ( CCA) ordination method. Vascular plants totaled 193 species in 149
genera from 70 families. The Compositae family had the greatest number of species and was followed by Gramineae and
Urticaceae. The dominant species included Pteris vittata, Pteris multifida, seedlings of Broussonetia papyrifera, Cyrtomium

Jortune , and seedlings of Ficus virens. They occurred in more than 40% of all quadrates. The wall vegetation showed a
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diverse range of plant life-forms (i.e., woody, fern, and vine). Compared to xerophytes that dominate planar environments,
more fern species inhabited the walls. This finding is consistent with that of other studies. This reflects the uniqueness of
walls as habitats, and urban walls can act as a valuable complement to urban ecological spaces. The explanatory power of all
four wall characteristics was low (14.4%). The spontaneous species assemblage was a complex process, and it was
influenced by environmental stochasticity. Additionally, the unexplained portion may come from the influence of the large-
scale landscape context. Among all the variables, wall height, vine coverage, and wall shade were the most important
factors that influenced vegetation composition and distribution, and they had the highest correlation with the first constrained
axis of the CCA ordination. All variables were relevant to wall humidity. This indicates that moisture plays a decisive role in
structuring vegetation on urban walls. Lastly, we discussed the implications of this study on greening and landscaping
contemporary cities. Urban biodiversity improvement can be done by “allowing nature to work”. Our study also provides

scientific support for urban ecological design and low-cost management.

Key Words: wallscape; spontaneous vegetation; urban habitats; urban ecological design
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Fig.1 The location of the study area and sampling sites
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Table 1 Wall attributes and associated indicators

B BERIE IEREN
Wall characteristics Indicators
SRR A (1) KA R BE (2) SRR BE (3) SRR IBURLEE (4) SR TETEUE (5) ST 7 32 (6) SRR B (7) K i dy
Wall intrinsic properties R AR(8) BE T MG T AR RE (9) B AR XL AR FE (10) BEAARAERS (11) 5% A%
SRR (1) HEPSELIE 2) WS (3) BEAE RIS (4) 5/ A I
Wall extrinsic properties
SRR Wall crack properties (1) BN (2) B (3) S A AR (4) 885 K/
B R i Management (1) JRI R A S RO PR S (2) BE B ARAE AR B (3) A TR L
1.3 Hdnab

BRI PN ITA /INEE T O W R 7 25 B S (B R 2 T 5% AR B D 2 5 LA 120 TETRS AR (5 B O SR, # K
BEJT <R 55 B AR R TR RS R AT ARSI T MR S B R AE Y 4 R AL, Ik 22 T
(F£1) . W Z a0, A BEg— X b A hr AL . R R.2.11 5 vegan F2 /7 AL1Y varpart PREGHTT 7 25
OyfiE A3 ES 4 R AR A AAE ) o SRS SR BTk, X R RO AT 2R A R A AT (DCA) | B KA
R BEN 6.2, KT 3, BV PIEARRY CCA XHE#E - B R 11 3¢ R ik — 240 HT , 34545 A 5 TR P xR 4 s
JRRIEZM, DCA F1 CCA HEFP i CANOCO 5.0 5Ea% "7 . I FH AT 17 #8675 ( Forward Selection ) Xt A: 3% R F 17
i 1 5 IR 1t 2 Ml 999 IR S#45 K2 (Monte Carlo ) 56, 8 2 /K V% & 4E 0.05,
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Wiz, HERHE I 32% (3R 2) , WFh S B R B S YT 10 PR R WA BT ( Preris vittata, 78.3%) SR
( Pteris multifida, 49.3%) KW ($1E) ( Broussonetia papyrifera, 45.4%) S A ( Cyrtomium fortune, 42.1%) %
B (AN (Ficus virens, 41.5%) \#5#95% ( Youngia japonica, 30.4% ) AEFE BE ( Cyclosorus parasiticus , 22%)) |
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Table 2 Species composition of spontaneous vegetation on walls

P JE AL L
Family name No. of genera No. of species
4%} Compositae 19 24
AAF} Gramineae 8 10
A} Urticaceae 6 10

F 4Rl Rosaceae 6 6
HAF Liliaceae 5 6

ZFl Moraceae 3 6

FR} Polygonaceae 3 6
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Family name

JE %

No. of genera

T

No. of species

WAl Amaranthaceae JEJEF} Labiatae

K& #l Euphorbiaceae

TR} Leguminosae

HiEF} Vitaceae B EPRE} Dryopteridaceae

HiF} Solanaceae
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£ %L Caryophyllaceae . VS E Rl Cyperaceae

iR R} Dennstaedtiaceae M Bl Ulmaceae FiFE} Lauraceae , 146} Cruciferae
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P E B R Sinopteridaceae , ME} Araliaceae SJERL Umbelliferae 523} F} Fagaceae , K g B R}

Araceae AR BER} Oleaceae 24 B} Caprifoliaceae | TELER) Convolvulaceae . 2= 75 £} Rutaceae . 7

FRl Rubiaceae . 7% 2% Bl Basellaceae . # &7 £l Cucurbitaceae . 57 2% £l Malvaceae, X %
#} Scrophulariaceae

BRFBEF Aspleniaceae A} Chenopodiaceae , 4 Fii £l Plantaginaceae {3 # B} Oxalidaceae , 8%
SERL Papaveraceae 4z LR B} Thelypteridaceae . A1l Selaginellaceae

RF AR} Primulaceae [l AHF} Cactaceae . /\ A BB} Alangiaceae /INEER] Berberidaceae Ak
B} Woodsiaceae . Tt TR} Sapindaceae | B8 46 B Ericaceae #i 5% £ Drynariaceae , WF 4 V0 Bl
Lygodiaceae . B PR Bl Acanthaceae . £7 1 £} Punicaceae . 25 7K #ij B} Nyctaginaceae | £ B
Bignoniaceae . 77 K £l Simaroubaceae , Bk F} Pteridiaceae . £k £k % Bl Adiantaceae , B 14 BE &
Lindsaeaceae , B2 F} Loganiaceae , & % 7 Bl Portulacaceae | i fifi £ Phytolaccaceae , 7K 1¢ & #t
Polypodiaceae , FE H- 5 F} Saxifragaceae , B F} Iridaceae 1§ 2 5 F} Commelinaceae
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Fig.2 Spontaneous vegetation established on walls of Chongging city ( Photographed by Yang Yang)
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Table 3 Life forms of spontaneous vegetation on walls

A Life forms PIFhEL No. of species He i) Percentage/ %
—AFAE R AR HOR Annual/biennial herbs 51 26.4
ZAEAE AR Perennial herbs 65 33.7

K Shrubs 16 8.3

I+ AR Arbor 24 12.4

B2 Fern 24 12.4

BEA Vine 13 6.7

&1t Total 193 100
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T A X A B A A R R K 2 TR AR AR A el S T B SRS K R SRR B T, A v 3R
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B R S5 3 3 ORI A & (1 79.2% ) |, IR SR IR 22 R FHAK AL & (11.7%) AU DR g A
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Table 4 Explanation power of wall characteristics

e . 2 5 L 2
P24 AR AL R Pl s b

. AT H AR R
Factor groups Explanation/ % Independent effects/ % i

Joint effects/ %

BEAKE A JE M Wall intrinsic properties 7.1 6.8 0.3
BERSMEE M Wall extrinsic properties 2.4 2.2 0.2
V4% R Wall crack properties 3.2 2.5 0.7
& PHE i Management 1.8 0.8 0

P e B A K, P < 0.05
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Fig.3 CCA ordination for spontaneous vegetation on walls of Chongqing City
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Table 5 Explanation power of 13 wall variables on variation of spontaneous vegetation

AT fifp e TIHRAE p AT iR DHRA p
Variables Explanation/% Contribution/% Factor Explanation/% Contribution/%
Hi 4.0 14.2 0.002 CaMa 1.5 5.2 0.008
Wicov 3.8 13.4 0.002 Di 1.4 5.0 0.004
Sh 3.5 12.4 0.002 Man 1.3 4.8 0.004
Ma 2.4 8.6 0.004 Co 1.4 5.1 0.004
S 2.3 8.1 0.002 We 1.9 6.8 0.002
Casi 1.8 6.6 0.006 Caden 1.1 4.0 0.024
Hu 1.6 5.7 0.002

Hi: BE{AE B Height ; Wicov ;&5 78 55 | Vine coverage ; Sh: 535 1 BH %% | Shade ; Ma : 5% 7444 & 1 41 , Material ; S1; 55 {54}, Slop ; Casi : 22 B K
/N, Crack size; Hu; KRG R , Humidity ; CaMa. SRR R , Crack material ; Di; NE TR , Disturbance degree ; Man HH A L R , Management ;
Co BT EI, Color; We: Bi{AXLFERE , Weathering degree ; Caden ; %48 % & , Crack density
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B G 5 MRS 70 B 125 J8 159 Fh A ZERIY S A IHAREGUA 1 B AR LY 17 B 28 Fh121 ) ATRE
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1) = ROLFAEL, SIRZ W B AT AL, R LU R RIAR AR £, (B 5P AR R, ik s
1R A BRAE D) , IS B R KU BRA JEBRAY | b EBRRE R A R R R P  BERE AR
KA, 33k — 5 A 3 R B AR AT A EE" 5 S R 338 A1 Ay A B 1 b

RHRFKE , BEABEEE T 24040 B IR 40% LA L W) R AL FE I A 55 (78.3% ) I 5 (49.3%) |
TR (45.4% ) BIAR(42.1%) B ERT (41.5%) ARBTREREHEY) 5 00 RIS 5 RH 3T 443 B R A fige 24 1 duk ol
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nepalensis) A H BUS I = (0 FP 2 0 AT LU P HTREE R0 A A A LR AR R 32, LA S B AR
(AN ) AN NSRS B 70 P H A B A AT IR 25 A 25 0 N AR 50 0 e % DR S5 in ik
HABP R K A | SO 23R T A= W) 22 A1
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AR SO S L5 () ST A 3 2 19 1 A P B VT = A IS (A D 3 i AR, [ g DI 3o 4 5
RS RERURR 2 AL BE Y R A O S R AL, SRR O S b A R AR, A 3 R B
o [FIEE RGBSR T AR A A DL SR, B AR AR S5 T 22 PRI IR 3R 2 52 ) kT 35 5 1) ) o AL, L
RPN TVl A BT, BRI AT — Le Wb D FE 1 By (9 A | S0 24 PR 1) 3 B MW 5, T 23 )92 A 4 R 55
B, MR RN T EE AR AR FAEE SR ITEE A LY D RETER B AR S

E BT A My Ao U, B DI 115 B o i AR A R BE AN 7, D T 25% , 3X AT RE S AR B PR R HY
SRR AAARARIC KR, PN, R DT T TR X A R B e I Ak . MR T R PR R R A
T, AR A AR UL % BV AT A 1 S50, ELRR TR KRS | S 2Rk /NI Sy ) s 0 T 3 o 1 it A ) 45 1) 4
Mo FEBE PRI RS  ZELOR AR R AT % Fs BRSO L5l . Wi £ [ 26 B2 ) B s R B F 5 o
DR DA ()R W5 s et T DR P PR e A DL BRABL ) , AN 3t b 5 P 2 MR o ok el 0 5 B0 TR
iy NI T R P < b3 ™ R ST T A3 6], A2 W tH 8O0 (spillover ) PREE 33X — & L5 HABBF ST AW
S A — 8 5 S A A A AR I AN E . %S5 e 5 3T B R B BE (Urban Cliff Hypothesis ) A1 . 1% ix
R IRERE [ AR S P R B A L, DR AR R IR I A A R 200 SR, A F 5 i 22 SR T At ) )
ol 1R R AN (mass effect) , BIVER TR 22 8 22 57 (0 7 5 1 W R RO 31 45 8 L Pl AR Ml vs BRER “ 20057 19
St T EREE ) B R A 0k B IR (P11 A 358 ) 7 BRI 9 (S IR AA) o
32 BREEAERPIRIRE N R

SRR VA AR SE A e T S R ) B 5 TR A PR . ARSI B I 4 RSEAFAESE T 22 A4S
TERIEE [ AR AL S A A SR R RN R MR B SR SRR R R R R R —
TR IR R, 53— 07 ML A2 Py A B FAs R LR R A 52 . ok A ST A IR S e L 1 8 B i
PRI AR ZHFAE , (LA Jag R TS /N ROBE AR S 20 LR 3R, 150 2% B8R 491 4 3 320 57 0L ) 9 A 2 i (A 2%
EABTTER 5SS B A A Y AR OR B ARG 28 Pel S b | B SR OR3P LS5 | AT L Ay J5 A 52 A M i 2 3t
“RPFUR SIS AR AR DR, 7S SRR P I AR P BT A R 0 S UL IR 2K T g g
TR DN 2R AR A | B R BR R A 2R R 2 A SR

4 JEIRFAE Hh s (A 1 A7 JaR A T AL 2 A A 9 e R e A O B e T R R A S MR SR MR IR 2, A B T
/N AFE TS, HR SRR R e e B T AR A AR AR A A ) RN T BRI R R — R
WEOW AT BT S A5 gs . th T ISR SRk, I3 Bk | i AR P %8 B2 3k LU ~F- D i v, TC 18 ] ol
)RR AR AN B 32 BEDOG RS, 72 BIRR A PREE T S IR AR S50 T A v dr Ak, JBE BRI ASCR 22 | 9 ELml
REAL T X, S — 2D BE Ik T A AYSE Jie , 3K R A IRST B8ty S T e 4538, RIS T A i AR ) L B TR
AR A AR SR AT AL )RR IR AL R T (TR I L 1 AR A I R X —
MG E UGS _ERARARBIREEEZL

T 7 i R R A B R 5 SR TR A ELREC AR N EL KR A A Kl (DR T A
PR IR FRATTOLEE | B AR TR A A SR R R T IR, 2SR R, AR R A
XHEEE 70%—80% , 75 4= E & T i X, X [l AR (A M RE 6 I 25 b ARAG IR A8 0K 20 5 T H R FE A8 34, KB
SRS A T PR ZFR U AR T B AR e BR AU AR A, A R ST B PR
SEAE B IR RENS s TR RIME RO SCHEER 1Y, B R — 2R AR W RR IR A A 58 A il 18 IR W B LT 24k
ATANG, A2 AN HIOR, BAARK A MR s 1 LUV 1h0 25 ], S 1 A A A 40805 20 A vl AT o 2
AN RE PRV ET i ) Jo) e TR AR B R R 3R e AN [ 3 gt — 2B A N ) ELAS [R] 2 3B BR AT T
3.3 i BE RaRALE R

L ] YRS T AE S Y T AR A 22 (i B T IR < P RE 22 5627 IR T R R A AE N T ) B
AR HRA B BN A RAS T BF AR, 0100 2R AR AT 1 5 X S JH 55 vl T WL = A g il
AR, A RTILAESE | LK — S FLEF OO S M (B RO, i R e R R XA SRAE ISR R[]
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FR IR T ERACIIR BT TOZ AL A 385 (Tiving wall) 2 o A H A GEARR ST BE AR ki, 06 S5 B8 5
M7 LYy, BRI & SR e T LA N HERT, W51 5526 W R ol S5 /N Sl 4y g e s i AR 2
FGT, A BRI RECHE T, I S 0 AN T R 7 AR W 2 R DR A B A A B AR
T35 1A AR )P0l 120 RE A% S iy JHAt e 1) 26 2R ) 8 A 05 (il a3 R SRUPH 15 S S SRR SR ) 1B
Wi 32638 ELAFL ) o

TE— S8 AGEE BRI, el MR e A8 B R AR AR, AN I T A AR L) o 2 — B . 4R, A —
SETRARSAH Py A TR ELARTR I 5, S BURER AR M — S A H AR5, PR IBE 25 5 AR P 2 (491
WA AT & BRI AF AR A 50 E 8 BERS TG, 25 T & T BF AR A 38 A A A7 25 1]
FVE AN FE MM & AR A AR B AR AP 5 0, AR/ ) J5i B ik 4 BT IR AR AR, BT
Wl AR R GRS

4 it

FRE B A B AR, KRBT B A AR A [ AN B G P  Bek, AL TAER DI s
BPEEE 4K BR T @S s A, 25 SR AR 2 A Al o fr T 2R S A/ NXAE IR
IHFR 67 5 R0) 3 SRR AN A B o N T ) 66 1) 225 [0 0 Sy 3l Tl el AR AR T 40 17 3 2 ] A SC LA LA 1 3
IRFE——F PR 0] R R T I s Ao AR B 11, BRI B A LR AR HEY) 70 B 149 & 193 B I
AN AT R T SR b BT R B 1 A AR IR 2 £ Y A B W AE R R GRS, B WA SCl A g R
(Poa annua) M ( Ficus tikoua) 55 0 BI85 /N B Wy I G Wy oA U 8 0 24 v A0 Bk DA, 20 07 2 P 3ok i A= 4
ZHETE . FRATHYTAINT bt & B TR BB ) 3 o6 OB U T 35 28 e | R e L D) R — SEBRRTE i HE NS W)
XX SE AR g A B MO H R AR 0 A S RS T BRI AN A bl A PR T 290k S8, LU
R AERBIT, SRR 20 ARUA I T SOl L&Az

B PR SR BT B 6T 25 25 R SRR AL S B R , 7 T 2 2 T A o e R
SEHFRLA T S R B0

5% 3Lk ( References) :

[ 1] United Nations, Department of Economic and Social Affairs, Population Division. World urbanization prospects: the 2014 revision, highlights.
(2014-07-01) . https://esa.un.org/unpd/wup/publications/files/wup2014-highlights. pdf.

[ 2] Potere D, Schneider A, Schlomo A, Civco D L. Mapping urban areas on a global scale: which of the eight maps now available is more accurate?
International Journal of Remote Sensing, 2009, 30(24) . 6531-6558.

[ 3] Schneider A, Friedl M A, Potere D. A new map of global urban extent from MODIS satellite data. Environmental Research Letters, 2009, 4
(4) : 044003.

[ 4] Schneider A, Friedl M A, Potere D. Mapping global urban areas using Modis 500-m data: new methods and datasets based on * urban ecoregions’ .
Remote Sensing of Environment, 2010, 114(8) : 1733-1746.

[5] ChenCD, WuS]J, Meurk C D, Ma M H, Zhao J J, Lv M Q, Tong X X. Effects of local and landscape factors on exotic vegetation in the riparian
zone of a regulated river: implications for reservoir conservation. Landscape and Urban Planning, 2017, 157, 45-55.

[ 6] Collins R, Schaafsma M, Hudson M D. The value of green walls to urban biodiversity. Land Use Policy, 2017, 64. 114-123.

[ 7] Francis R A. Wall ecology: a frontier for urban biodiversity and ecological engineering. Progress in Physical Geography, 2011, 35(1) : 43-63.

[ 8] Lundholm J T, Richardson P J. Habitat analogues for reconciliation ecology in urban and industrial environments. Journal of Applied Ecology,
2010, 47(5) : 966-975.

[9] LiXH, Yin XM, Wang Y. Diversity and ecology of vascular plants established on the extant world-longest ancient city wall of Nanjing, china.
Urban Forestry & Urban Greening, 2016, 18 41-52.

[10] Jim C Y. OId stone walls as an ecological habitat for urban trees in Hong Kong. Landscape and Urban Planning, 1998, 42(1) . 29-43.

[11] JEAFTe, Z0e, talZR. RN A S e AL BORL I TS b 2 AE ik LU 1L R 2# e 2i it . LSRRI R, 2008, 26(2) : 209-211.

http ; //www.ecologica.cn



2 4

WA i - A B T AR FEPRTIRR A A AR A A A 483

[12] Francis R A, Hoggart S P G. Urban river wall habitat and vegetation: observations from the River Thames through central London. Urban
Ecosystems, 2009, 12(4) : 465-485.
[13] Jim C Y. Urban biogeographical analysis of spontaneous tree growth on stone retaining walls. Physical Geography, 2008, 29(4) ; 351-373.
[14]  EFABAEYAT A H A, ChERYE) 4 RS]. (2018-05-06) .http ://frps. eflora.cn/name/a.
[15]  (PUEaE) 25 4. DY L. B . R R, 2012.
[16] 1mBEM, REVFAE, Spiltsl, T, 22000, mARYEE YRR, B, DUJIRRMERAR HREL, 2000.
[17] Ter Braak C J F, Smilauer P. Canoco Reference Manual and User’s Guide: Software for Ordination, Version 5.0. Ithaca USA: Microcomputer
Power Ithaca, 2012.
(18]  MXURLR, P/, BRI, VL3, WRARGE. ST BF A RO AR ) Fh AL A R IE—— LA T T ). AR 3SR 440, 2016, 25(1) ¢ 43-50.
[19] HEE, Mo, SRE, Waty. i feife b L i 2 R0 25 A R A shZSma i () « @ BT AR R L ifg b Lol X 2% 7
ERFHIE. FRMVEIF 24 AARBIART, 2008, (4) : 49-57.
[20] Cervelli E W, Lundholm J T, Du X. Spontaneous urban vegetation and habitat heterogeneity in Xi’an, China. Landscape and Urban Planning,
2013, 120 25-33.
[21]  ZEWEms, w0, RZEH, &L, REVE AU AR T B AALY YR B R ZFEPERS 25 R AE. 2R3540, 2018, 38(2) : 581-594.
[22] Jim CY, Chen W Y. Habitat effect on vegetation ecology and occurrence on urban masonry walls. Urban Forestry & Urban Greening, 2010, 9(3) .
169-178.
(23]  Fdess. WAL X H A RIARFSE D). BUM . WIVTARMR RS, 2015.
[24] WIRA, FRME, AR, B2, BRI =M PN 5 RE A Y 55U SN . A8 3A 45, 2008, 17(2) : 807-811.
[25] Jim CY, Chen W Y. Bioreceptivity of buildings for spontaneous arboreal flora in compact city environment. Urban Forestry & Urban Greening,
2011, 10(1); 19-28.
[26] Larson D W, Matthes U, Kelly P E, Lundholm J T, Gerrath J A. The Urban Cliff Revolution; New Findings on the Origins and Evolution of Human
Habitats. Markham, Canada: Fitzhenry and Whiteside, 2004.
[27]  ATFLUE. 52BN T bel ARk B0 5 ST . KSR MR, 2007, (1) 55-64.
[28] Francis R A, Lorimer J. Urban reconciliation ecology: the potential of living roofs and walls. Journal of Environmental Management, 2011, 92(6) ;
1429-1437.
[29] WRekH. EALA X EFIERIIR[D]. L. R, 2016.
[30] Lisci M, Monte M, Pacini E. Lichens and higher plants on stone; a review. International Biodeterioration & Biodegradation, 2003, 51(1) ; 1-17.
MR A 3 MERETFS CCA HEFHMAEXME
Table A Correlation coefficients between 13 wall habitat factors and CCA ordination
7 1 fh 2 % 3 4 H¥ i1 %h 2 Hh3 h 4
Factor Axisl Axis2 Axis3 Axis4 Factor Axisl Axis2 Axis3 Axis4
SL: AR} E 0.2851 0.0824  -0.1599  -0.0592 || Wicov: & 7 35 -0.4495  0.4775  -0.2265 0.2681
Co ;3 THI i €71 0.2813  -0.2364  -0.4588  —0.0032 || Sh.JfHAEBH % 0.6028 -0.0867  —0.4268 0.0218
Hi - ik -0.5014  -0.5113  -0.2379 0.1418 || We . BRI NMALFLE -0.1417 -0.1461  -0.3834  -0.4046
Ma BRI -0.2395  -0.0893  -0.3931  -0.1208 || Man MUBCEBERERE  -0.0011  -0.192 -0.5479  -0.3685
CaMa; ¥ 551K} 0.2082 -0.4833  -0.2983  -0.2973 || Di: A THEFE 0.2886  0.1724 0.4451 0.1733
Casi : ZE K/ 0.1722  -0.5505  -0.3379  -0.1131 || Caden #5485 i 0.3044 -0.0284  -0.0819  -0.1396
Hu - 55 A0 0.4479 0.0626  -0.2003  -0.1922

AR 120,76 0.05 BFEMKF ERATRE, S 0HERBOCT 0.178 I, il it B0 1
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