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Abstract; In recent years, the impact of human activities on ecosystems has become increasingly evident worldwide. One of
the most notable factors is urbanization, which significantly disrupts natural systems. The rapid expansion of urban areas and
vegetation management practices in cities has driven the urbanization process. This has accompanied by changes in
vegetation, has had a profound influence on urban soil biodiversity. Nevertheless, collembolans are the dominant groups and
serve as excellent indicators of environmental changes in urban greenspaces. The changes in community structure and

functional traits of collembolans imply the effects of environmental changes on soil ecological functions. In this study, we
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collected soil samples from four types of human interventional greenspaces, named park greenspace, median green strips on
both sides of the road, residential greenspace, and industrial greenspace, in urban-suburban areas, and eight forest plots
were selected as the biological pool for local collembolans. The study aimed to investigate the effects of urbanization and
greenspace type on community composition and functional traits of collembolans. The results of the study showed that; (1)
there were significant differences in the community composition and structure of collembolans among different greenspace
types. In the forest, the Isotomidae exhibited the highest abundance, whereas the dominant taxa in the other greenspace
types were the Entomobryidae. The study demonstrated that both urbanization and greenspace types had a significant impact
on the taxonomic diversity of collembolans. Specifically, the Shannon index of collembolans in urban parks was significantly
lower compared to suburban parks. On the other hand, the Shannon index in urban residential areas was significantly higher
than that in suburban residential areas. In urban habitats, the Pielou evenness index of collembolans in residential areas and
median green strips was significantly higher than that in parks. Regarding suburban areas, the study found that both richness
and the Shannon index of collembolans in parks were significantly higher than those in forests. (2) Additionally, the study
revealed that the type of greenspaces had a stronger effect on the functional traits of collembolans compared to urbanization.
For example, in the greenspaces with strong human disturbance, such as parks, median green strips, and residential areas,
epedaphic collembolans with well-developed furca, longer relative legs and patterned pigmentation were dominant, while in
the forest, euedaphic collembolans with absent furca, shorter relative legs, and white pigmentation were the most abundant.
(3) The physicochemical properties of soil played an important role in the structure of the collembolan community. There
was a strong correlation between the abundance of the family of collembolans and soil pH. The results provided certain data
support and a theoretical basis for the environmental driving mechanism of urban soil fauna diversity and urban biodiversity

conservation.

Key Words: urbanization; greenspace types; Collembola; community diversity; functional traits; human interference
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Fig.1 Schematic overview of population distribution and sampling sites in Ningbo city
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Collembola ( https : //www.collembola.org/ ) sy
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Table 1 Collembolan traits, scores and their ecological functions

VAN ik IRAE 25T RE E= BTN
Functional traits Description Score Function References
A= 7% Habitat x4 3 55 08 X BB AR A K 2 B 2 56 [46]
P 2
A 1
AN R K 2 SRR A E A [46—47]
Relative leg length 32 1
WiES Furca Tt 3 55k e 1 Bl RE T Mtk B KR A OG, [46—47]
Rk 2 I Bk R A 2 T A RS e A G
NIFAE 1
/NIR Ocelli T+7—8+8 5 SR FIREEAR S, an k& PR FE S [48—49]
5+5—6+6 1 4
3+3—4+4 4> 3
1+1—2+2 4> 2
0+0 1
445, Pigmentation Ak, HHEA 3 S AR (N SIS AU IPS [46, 48]
AR, RS 2
Tt 1
PRI Body sire ool T T ST [46]
1 Seales e ) ;giiigi\?EFE'JMS%%J%TFRJEEEMS& 46, 49—50]
AT 1

1.4 AL e

3K R T AT I LA 7E 105°C TR R HEHL 8 h BEAEE  SR)E BT S -
T A EK A A

FHEE KR =W/ Mx100% ,M Rt IE S, W o EHOK B,

2o WFEE IR I 100 H i T35 10 A 3ERE i T BEAL B A0 AR B, 38 pH 3 e (07 00 5 5, i pH
TF(PHS-3C; Lifg L SRb AR A BR A AL, o D) il . H 348 (TP) Joiz FBRIR- = SR A X A7l
FEAbHE | Fiia FAR S b (s b AT . 348 (TC) FI4 % (TN) iz ] CNS JCE 4371 ( Elemental Analyzer
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System Vario Macro Cube, Langenselbold, Germany) Jll &, 43 & Lt (C/N) Bl 2 5% (TC) 52 % (TN) ¥
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TR H R PR 2R R BORIS 5] B R A
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AN S 280 2 o] - HERRA P AP AR B K 25 5 (3 2) , 3l IX 3 AN [) & s 2 700 2 ] + 185 7K R pHL |
TC TP ,C/N SJFF7E 2% 25 5 (P<0.05) , JUH 58 pH (1% 40 25 22 S R 58 5 3k i DX oA [) ¢ b 2 76 22 i) 1
A 3 pH F1 TP & A7 R B 352557 (P<0.05) o IR FANIRRB IS T, 2o bty . Tolk fel 2 Fel AR RIX 4 Fhsg i
o pH A0 TP S TARMRER L, RIS KM TC & i WREAS R S 28 ) 2 [ AP AE i 2 25 7
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F2 TR -ER M AR M S RN AR IR MR (P RIE AR R  n=4)
Table 2 Physicochemical properties ( means+SE, n=4) of soils from four greenspace types in urban and suburban regions and forest of

Ningbo city

b St ft B T L PN P11 -
Indicators Urbanization Forest greenspace G“?en strips on both - Industrial area greenspace Residential
sides of the road greenspace greenspace

Moisture( % dry weight) XS 29.17+2.98aA 21.45+1.39ab 17.70+1.44b 24.51+1.51a 21.58+0.69ab
Wi 21.05+1.53A 23.80+0.01A 25.32+1.72A 23.42+1.42A

pH IR 5.42+0.25¢B 7.61+0.04a 7.38+0.29ab 6.73+0.16b 7.44+0.11ab
Wi 7.62+0.03A 7.43+0.05A 7.22+0.07A 7.63+0.05A
TC/ (g/kg) KB 25.83+3.03aA 20.64=1.30a 17.31+2.98ab 15.33+3.33ab 9.49+1.01b
i 21.45+2.94A 30.36+3.09A 14.80+0.24A 16.78+2.62A
TN/ (&/kg) WRR 1.87+0.20aA 1.59+0.08a 1.26+0.17a 1.44+0.26a 1.06+0.09a
kT 1.64+0.13A 2.17+0.04A 1.44+0.06A 1.44+0.17A

TP/ (g/kg) IR 1.38+0.05hC 1.65+0.05a 1.75+0.16a 1.64+0.06a 1.56+0.04ab

i) 1.52+0.04BC 2.16+0.01A 1.83+0.08AC 1.86+0.11AB
C:N IR 13.69+0.87aA 12.95+0.30a 13.60+2.02a 10.27+0.66ab 8.88+0.24h
i) 12.83+0.85A 13.95+1.20A 10.33+0.35A 11.38+0.79A

Moisture ;: -3 & 7K # Soil moisture; TC ; 42H Total carbon; TN :4=% Total nitrogen; TP ; 4% Total phosphorus;C: N L3R & L ; FIATASR B F
BE (/NG FREFRIR SRS, K5 TR T 4 ) 3R 22 5+ W2 (P<0.05)

x3 WiHFSHERI T EBAERIME FERPE

Table 3 F- and p-values of the effects of urbanization and greenspace types on soil physicochemical properties

11k Urbanization M7 Greenspace type

A DF=1 DF=4

Soil properties LIS P P iﬁJZFE ﬂ; P P
Greenspace Urbanization

Moisture T A N £ Al 0.028 0.872 BT 1.716 0.193
AR ATE S 5.365 0.082
YNIEEES ] 0.093 0.771 WA 4.565 0.009 **
Ji R X 4k b 1.015 0.353

pH TE T N £ Al 0.009 0.929 ) 24.020 < 0.001***
Toll Pl £, 0.021 0.891
NTEEES ] 6.107 0.048 " WARE 18.400 < 0.001 ***
Ji B IX 2k 2.022 0.205

TC B SIS 3 i 0.048 0.834 BT 2.245 0.107
Tl A e 5.035 0.088
UNEEES: ] 0.072 0.798 WA 4.380 0.011*
Ji B IX 2k, 5.070 0.065

TN TEEE P2 0.081 0.785 Wi 1.723 0.191
AR AZEES 38.400 0.003 **
NS 0.082 0.785 WA 2.799 0.056
J& B IX Sk, 3.159 0.126

TP S SIS S i 3.327 0.118 ] 13.540 < 0.001"**
Tolb PEl £, 2.197 0.212
INFE 2.976 0.135 AR 3.303 0.033
J& B IX Sk 5.595 0.056

C:N TE T N 2 Ay 0.013 0.912 ] 2.372 0.093
Tl el £ 0.009 0.929
UNTE S 0.005 0.947 WAB 4.774 0.008 **

w* FREFRIE, «xx P< 0.001, ** P< 0.01, * P<0.05
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AW HRAEBE R FRA 1870 H 38 T 10 B 30 J& 54 Fh, 3l FIssd st s | K A BERMY Bl = i 2 B
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(21.20%) FURRBERF (21.20% ) , AP IR FEFRAS 432 3k @ T 8 B} 28 i, Horp L A HE L 35 K A Bk A}
(43.29% ) ZEATHER(21.53% ) TR K BEIBERL(18.98% ) , LAk H R EFRA 287 3k K@ T 7 B 34 Fh, Hop
LR EFE R AAYFR (48.78% ) JHBEFH(19.16% ) 5515 BEFH(12.89% ) AR K EIBEEL(10.45%) . JaRIX 3
SRAEFRAR 340 3k, SRJE T 8 BE 27 A, Hp RSB K A B (59.71%) (ET RN (14.12%) Bk R}
(10.88% ) AR KEBEEN(10.29%) , Tl M REFRA 255 Sk, R8T 7 Bl 27 B, Hp (L B 5K A Bk
FH(29.80%) JBEEF(25.49%) AT BERH(15.69% ) BRABEEF(14.51%) AR R EIBEN(13.33%) . 38T Ak
REIRIE T AN ) 2 2 780 v ARk R i) = 3 LR 2,

AR
A
Bl
T R X 3t Wi |
S B 0 5 Jﬁ%ﬂ
| ]%%E%ﬂ -
Tolk
= ]ﬁ%%ﬂ
s = peBhR i
- =i B A
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Fig.2 Abundance of collembolan families in different greenspace types in Ningbo city

W R HA R R R A —E 25 (£ 4) . Hi, AP EY R R Leeonychiurus gulinensis ,
Folsomia spp2 Fl Isotomiella leksawasdii; 73 e H1 A 3 ¥) F >~ Sminthurinus spp5, Homidia socia 1 Isotomurus
quadrisetosus ; ZRALHT PR EYIFI R Homidia sinensis , Thalassaphorura encarpata F1 Homidia socia ; J& B X H G
Wik A Homidia sinensis, Homidia socia, Thalassaphorura encarpata 1 Sinella zhangi; 1T Fel /9 45 459 Fh 4
Thalassaphorura encarpata , Ceratophysella yinae 1 Sminthurinus spp53

SR AN 2 s SR 8 25 SO0 1 BRI Ak AR (18] 3) o SRR APy, S BRI 1 2 el v g e
f) Shannon ZFEPEFRECRII 2] BEHE £ (P<0.05) , A R IN 1T s R IX P Bk HU) Shannon Z2FEVESE BRI A
TR (P<0.05) , SRHIZEIY I 50 1 Bk R B S AEPERE BRI Sy R K, AR XU, Bk a2 &)
e BE S AR R X B2 5 T A (P<0.05) , H Bk B Shannon 24P 48 Bore e B X b i 3 = T2 el
(P<0.05) . TESRABDCIRT | kb A b =5 o BEHE RO 28 bl v 2 3% 15 T AR bK (P<0.05) , ELBEHLAY Shannon 24
PEFR B\ el k2 8 T AR J& R IX (P<0.05)
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R4 PEH-HEBARSMERI B RFENRE Y

Table 4 Significance of the abundance of collembolan of different families in urban and suburban greenspace types

ST SRR
. Urbanization Greenspace type
B DF=1 DF=4
Family — > ™
NEEED T AR HEE I L AL i .
F P F P F P F P
RSB . 0.233 0.646 0.022 0.886 0.462 0.522 1.641 0.269 4.100 0.008 **
Entomobryidae
Lt = L
N {UHJr 1.787 0.230 0.291 0.609 0.291 0.609 0.002 0.970 1.659 0.183
Isotomidae
Wiﬂlﬁﬂ' . 1.710 0.239 1.526 0.263 2.192 0.189 1.055 0.362 0.584 0.676
Onychiuridae
R
JﬁkmﬂJE$+ 0.043 0.842 0.044 0.841 1.956 0.211 0.062 0.816 2.790 0.042*
Katiannidae
FRABERE . 0.019 0.894 0.048 0.834 0.910 0.377 2.044 0.226 0.645 0.634
Hypogastruridae
ﬁEEJEﬂr 1.000 0.356 1.000 0.356 1.000 0.356 0.444 0.541 0.848 0.505
Neanuridae
ﬂ%{ykﬂ' 3.000 0.134 3.000 0.134 NA NA 0.444 0.541 0.556 0.696
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Fig.6  Principal components analysis of collembolan functional traits in different greenspace types in suburban and urban areas of

Ningbo city
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