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Relationships between riparian vegetation and shoreline hardness for urban
rivers: a case study in Jinjiang city, Fujian province
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Abstract: We investigated the relationships between riparian vegetation composition, diversity, evenness, and dominant
species, and shoreline hardness ( bank and land hardness). Twelve major rivers in Jinjiang City were targeted. Data were

collected from a site survey and were processed with the corresponding indexes. The results showed the following: (1)
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There were 159 plant species from 143 genera and 70 families, including 41 trees from 30 genera and 20 families, 20 shrubs
from 15 genera and 15 families, and 98 grass species from 98 genera and 35 families. There was an uneven distribution of
plant species among the different rivers, but grass species were consistently the dominant class of riparian vegetation; (2)
Riparian floras were mainly tropical types, followed by cosmopolitan and temperate types; however without the specific type
of China. Tropical trees were consistently the dominant tropical flora and directly represented geographic conditions. There
were more temperate shrubs and grasses than trees, and, in general, there was a greater diversity of species for the
temperate type than for the tropical and cosmopolitan types; (3) In terms of composition, the dominant trees and shrubs
along the rivers were domestic plants. In contrast, the dominant herbs were foreign plants, and therefore, compared to trees
and shrubs, herbs did not represent the typical landscape characteristics of the region; (4) In terms of aesthetics, there
were considerably more ornamental shrubs than trees or grasses, which indicated that the river landscape designed by
Jinjiang City had altered the composition of the shrubs, but not the trees or grasses; (5) In terms of living demand for the
riparian vegetation, longan and starfruit, which are commonly found in courtyards, frequently appeared along the
riverbanks, which indicated that in densely populated areas, cultivated plants have an influence on the composition of
riparian vegetation; (6) For the Bin River, land and bank hardness had a greater effect on shrub composition than on tree
and grass composition, and, overall, posed a threat to riverbank plant diversity. A greater effect on composition was noted
for land hardness than for bank hardness, while the latter had a direct influence on the distribution of plants along the
riverside. In terms of production and aesthetics, the influence of the artificial disturbance was stronger on the plants along
the riverside with the land hardness of the Bin River. In general, low hardness supports the preservation of the original
vegetation of the riparian community; and (7) Curved rivers had positive effects on vegetation. Curved rivers had higher
local vegetation diversity and a richer variety of shrubs. However, the loss of flora diversity, due to riverbank hardening,
was also present for curved rivers. Overall, the difference between rivers within the same climate zone is closely linked with
the type and intensity of artificial disturbance of the shoreline. In order to restore and reshape the ecological landscape of the
riverbanks, the landscape design should be based on the local conditions and demand; the majority of plants should be local
vegetation, while the trees should be designed as the zone landscape, and shrubs and grasses should be used to enrich the

diversity of the vegetation.

Key Words; urbanized area; riparian; plant diversity; alteration; shore hardness
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Table 1 Vegetation Species Composition of Riparian

AT TARE eamame TN Tl e e Pl
. . Percentage . percentage grass percentage plant
rivers specles specles species species percentage
LTI 14 34% 13 65% 58 59% 85 53%
KRE 10 24% 2 10% 35 36% 47 30%
P 10 24% 4 20% 45 46% 59 37%
I 10 24% 3 15% 23 23% 46 29%
b 3] 2 5% 3 15% 16 16% 21 13%
MR T3 5 12% 0 0% 12 12% 17 11%
FE A% 6 15% 1 5% 17 17% 24 15%
TR 8 20% 3 15% 13 13% 24 15%
CIE= 7 17% 1 5% 12 12% 20 13%
Wz 10 24% 3 15% 39 40% 52 33%
s 8 20% 3 15% 22 22% 33 21%
Wk 19 46% 8 40% 23 23% 50 31%
SMAIEDL Overall 20 B 30 & 41 Fh 15 %} 15 )@ 20 Ff 35 Bl 98 J& 98 F 70 %} 143 J& 159 Fh
ARG I, A B B IR R L RN 50% RMFNELY 61.6% , A FITR AR A
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Table 2 Areal types of riparian plant species in Jinjiang

bl Jt o EAp) REEIX RZEAL LB
Areal—type Percentage Main component categories
1 JLER S 19.48% JLIR 19.48%
2 2 oA 31.17% TSR A 62.38%
2-1 % b e PR B S T 1.30%
2-2 FR I R DH R 56 P ) 1.30%
HRG S YRR S I ] 9.09%
4 IH HHE F iy 4.55%
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6 G A E LG HE B 1.95%
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8-5 TR 1 e 5 Y ekt 18] 1 1.30%
9 IR AL S Y 8] e 4.55%
10 TH HH F Rt 0.65%
10-1 A DX G I AR I [ W 1.95%
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148] FRE-H AR S] 0.65%
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Fig.1 Areal types of different life forms of riparian plant species in Jinjiang
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Xof b PR R IE 9 S e RN A A ARAE ) BT S, (E AN BEAETE S I AR AR ) 0, RIS, X6 T Rl i i 4 1
3BT B ST A AR AR B AN [T 1) A A 28, 1E % SRl 1) X 2R A4 e B AT R 1 24 J 32 Sl 7
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ARBEFRE T 5 SN RA £ B2 AR H] A A SO ST i S 2R Ot 754 e T
TR TR R B SO B | S T AR AR SO X bR XU R 9B 3 | 38 53 1) H R AR AR 8 TR T A ) WL
3.3 VLR L)

TR GETT 12 Z8 il R 7 R ) Y B 24 (important value, IV) |, Hil 10 AZAYFEY) W3R 3, Horp
FeARMK K F 4R E WK ( Leucaena leucocephala ) . /N W ¥5 ( Ficus benjamina ) . ¥ S W ( Acacia confusa ) | ¥ #f
( Eucalyptus robusta) KWK ( Casuarina equisetifolia) K58 ( Ficus microcarpa) JEHR ( Dimocarpus longan) KM%
( Celtis sinensis) FM ( Terminalia mantaly) J#k( Averrhoa carambola) s BEAMKIK A BEJFR ( Ricinus communis) )
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BEPY(Lantana camara) \ JLB A ( Murraya exotica) FMIAC ( Lycium chinense) Bt B ( Rhododendron pulchrum) T
# ( Buxus sinica) . K ( Pyracantha fortuneana) 4" B3%E ¥ ( Duranta repens) /N ( Ligustrum sinense) JELLI &
( Parthenocissus semicordata ) ; ¥ AR MR N Y 5t 5L ( Bidens bipinnata) . % i ( Rumex japonicus) /)N &3% ( Conyza
canadensis) %5 U>YET 5L (Alternanthera hiloxeroides) A% ( Tithonia diuersifolia) FE ¥ ( Humulus scandens) | J%
%K ( Phragmites australis ) . 1 4 #3 ( Cynodon dactylon ) . ¥ %% ( Solanum nigrum ) . R B % ( Parthenium
hysterophorus) .
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Table 3 Main species composition and their important values( top ten) in Jinjiang

T*AK Tree WA Shrub HAR Grass
4Bk Name v 4Bk Name v % Fk Name v
1 HRA 0.17 BUR 0.37 R 0.16
2 AU 0.14 L oR) 0.14 Edi 0.07
3 R IR 0.11 L E 0.11 /N EE 0.06
4 ¥t 0.08 ikt 0.10 2D EF R 0.06
5 AR 0.08 EFERG 0.07 [l 2 0.06
6 R 0.05 piv ] 0.04 e 0.05
7 TR 0.05 K 0.03 P 0.05
8 AR 0.04 G (R 0.03 H AR 0.04
9 B 0.03 N 0.02 Je 2 0.03
10 bk 0.03 e L 5 0.02 FR A 0.03
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B S 7 s WA N T RIS MR A i A 7= T R B AE T R L, 10 Fp TR AR g JE IR Bk pish
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TGN Sy R PURR A (K 4) o SEAY | Bl | A b A B8 X% vy, RIVIT R A T 2 15 T i oA 3 ELVT I i
FERACRTI, WU+ LR 3R IR AR ] 0 iR 2RI 1 s dyar il | - i A 38 P B g | BRI
2 LA S HAATE AL AR ER AR, W TP IR ISR TR I . Y5y s 2 e L - e ff 28
G, BNV 2 AR Bt g T A E A T o B2 SR AR YT iAe , DI AR B8  BHR AR s R AU IV . Y i S 8 P - i s 2
i, RO B T By 2 (E TS SR A AR BRI, I T AR
3.4.1 R TAREE XS TR A AL AL B

ZEEF 1 AT, TG AR RIS B AT IAL K4 2R BN FEAS R S S T BIRAS R A R AR A e Y T s LU
MR B A E 2RI AR FEAR A S B R RS IX U] 1 I TR B2 X R A A R B RO E
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Table 4 The percentage of hardened bank and hardened land of different rivers and their types

TERIEREE A L TEGERERE T R

T B Percentage of Percentage of iﬂ IV B Percentage of Percentage of ;‘sﬂ

Name hardened bank hardened land fype Name hardened bank hardened land fype
pIe RS 0.84 -1 Full et 0.56 -1 e

FRES 1.00 1 FA EReRES 0.40 -1 KN

P 0.70 1 A [IEG3ES 0.79 -1 1
B 0.25 1 eS| IR 0.62 1 ezl
B2 SURES 0.95 -1 P R 0.25 1 KT
R TIR 0.89 -1 FAl ] Mk 0.37 0 eS|
P T TR > 0.5 R T8 v BERE AL, TE i) b MR B S — 1 e BE A AL

3.4.2 WA RN R A AR ) 22 R O R
FL 12 25 A ZAR IR B H S S BEFR 0 ) T4 R 3L 5,

#5 AEARBHJE
Table 5 H, J, of Different River

N ZREERREL )5 BEFR AL W ZREEFREL 5] BEFR AL
Name of river Diversity index H Evenness index J Name of river Diversity index H Evenness index J

IR RPIRCS 8.32 1.87 FE A 4.12 1.3

RE 5.26 1.37 TBHE 4.6 1.45

[UERER 6.28 1.54 CIE-2 3.76 1.26

2t 5.06 1.32 e 6.41 1.62

il 4.5 1.48 g 5.71 1.63
AL T R 1.26 1.26 sk 6.18 1.58

ZREE S 5] BERR BT IO 5.12 1,47 S SHE, Z2 b LA e A A8 o I S0 (i

H12% 5 AT, UL 12 SR 2 REMEAREOME N 5.12, L TF LR RE HIR B RIE EEHE LR X
(AL L A R E 2 RE AR R 22 s B S B 1.47 U H U (R IR R ARR B RER LR
R MR, T R AR AR o A R 50, AR AR M 2225, 255 AN TR)IA] QL5 I fufl 38 S Y g ol o3l D, 286
BT BRI, BROL T LS AR R B AR AR L S AR ST B AR DL ; Y I AOTRTIR, BRED RSN, AR BN
1R IR 5 e 1 ) BE AR B 5 68 T ATRTIAL , IR 2RI AP BAT v 2 AR P15 i 1 20 BE AR A RRAE 5 SR LIV A
L, AR S 1 2] FE BRI,

X — 45 AL I Y5 T - MBS A -5 Y] RS A 58 2 Xehyil iy R ) 22 Bk R ISR, 5 3 AR A A 0 A M A 119
SIS, T R BA S ORI J), w2 1200 B T g i st (2R3 T 2RIV ) | B
(A SRAG AR AR (SR IV ) A A bh 9] 2 AP 22 R 5 22 ) BE R I I, 00 R O B B e ELAN 32 2 4 T 72
AP 5 T 2 T YT Ak 2 B AR Iy (SR I 2RI ), RIVfef i) =2 22 A 3 s o ( 2R ML ) IR RE AT 2 PR
B F 5 R ATE R SRR . DT B R R L L B IR R LT LB R T
BRI B RO AR TR R AT R 2 | BEAS 0 1 T 22 A AR S5 MR A [R] I 2B A S Bt B 22 ik
el DX R HEAS B ISR, i A T O B BN TSR T R 5 R T R T O R B T ELIR A
FRAK (B Z HABIAT I, AR A Bl R o A AR | W A 11490 52 9 2 vty JLF AN R AL s il FG P — e
AT PR ML 5 AR R U ol DAL AR S B e 2R DRI, AN TR % SR A T 0 T o o A 5 A ¥ A 1Y) L
BEROMROR R SRR R SRR B SRUE AR 22 S il 1 HE 5 T AU T O A A T Py A 2 20 B
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Table 6 Main species composition and their important values( top three) of different rivers in Jinjiang

37 44 % Name T¥ Tree #E Shrub B Grass
IR Fet AN AE JEAR B ST LR S R S DT
iR KU Acacia auriculformis 50K Melia e gy gy LT L G
azedarach /NAR

s W4 Eucalyptus saligna . . " IKIBHE Juncellus serotinus ./NBE Chenpodium
S =
R L4 H Sapium sebiferum AT B i ot serotinum T 3

IO
BIR A BB AR R TN I Al

endrocalamus latiflorus
IR A AR FB Morus alba =N SR I i ES N TN
B2 SURLS ARIRREE WA Sophora japonica B ST ffd T iili Typha orientalis W /N €%
RiE HAW FEB AWK Albizia julibrissin PP LR NS %
IR 30 A AR AR AR 3R VAR R SO T R
MRTHE ARIRREE N AR HETE PH RN Canna indica
FHER N R L T P R T
ougainvillea glabra
Ayl " .

FHR B FRECRR Ficus clasic, H SLERE L A

Bl Melia azedarach
PHIE ARBRE AR RA K
Fe R A AR 4 SR 2 AN [ R A S 3y o

B AT Fd YLEFRE B AR Typha orientalis

X 6 A 3 Al A1, 2 6 g i AN IRl A [w) A 16 2RAE ) 1 e S 4 R AR - ¥ 8 3¢ 3 iYL (B4,
RS — 7 T M2 IR SE B A B oM, 1 Yl T 6 38 A1) 25 0%, 5 v T 9T - e 6 38 % Y] 3 3 1) g 3 1
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Table 7 The Basic Parameter of Rivers and their Bending modulus

ER

Name of river
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