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Abstract: Soil zoology is undergoing a period of development with a knowledge system at its core and data-driven. The

current widely used data processing and analysis methods based on databases are facing the contradiction between the rapid
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growth of data and the lack of data processing capacity. Data mining methods based on rapidly developing big data science
and artificial intelligence techniques have the outstanding advantages in solving the aforementioned contradictions, but they
need to rely on a strong domain knowledge base. Yet there is a paucity of research on knowledge graph in the soil animal
domain. The soil animal knowledge graph is a knowledge base with the directed graph structure, where the nodes of the
graph represent entities or concepts related to soil animals, and the edges of the graph represent various semantic
relationships between the entities or concepts. This paper introduced the concept, connotation and construction method of
the soil animal knowledge graph. The soil animal knowledge graph is composed of triples (entity, relation, entity) to
describe the relationships among entities. Take the soil mite diversity across an altitudinal gradient in Tianmu Mountain,
Zhejiang Province as an example, this paper provided the method and process of constructing a mountain soil animal
knowledge graph. In the process of constructing a soil animal knowledge graph, the data source was identified firstly, and
the ontology construction objective and process of the soil animal knowledge graph were designed. The process of ontology
construction included designing the soil animal knowledge graph model, dividing the core classes and class hierarchies,
defining ontology attributes, and evaluating the ontologies. Finally, a preliminary graph of the mountain soil animal
knowledge graph was displayed with Neo4j platform. To show the process of a data mining for a soil animal knowledge
graph, this paper answers three important scientific questions based on the constructed mountain soil animal knowledge
graph ; that is where are the soil animals distributed, what species live together, and how environmental conditions affect the
soil animal distribution. Finally, this paper pointed out that the soil animal knowledge graph has friendly portability and
excellent scalability and indicated that some important scientific issues would be solved quantitatively for soil zoology in the
future. In total, this study shows that the soil animal knowledge graph has unique potential and advantages in addressing
importantly scientific questions about biodiversity, and has promoted the development of soil animal informatics at the

intersection of soil zoology, information science and data science.

Key Words: soil animal; knowledge graph; big data; soil animal informatics; Tianmu Mountain
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Fig.1 Example of soil animal knowledge graph

BELRAE PN BT S S A i 4 1

e MBI, D TR 23 e T R 46 1 B BT DR AN T 25k A P Ak 1l A4k A idla i R R
T MR S R, T A PR AU R R R R T N A A SR (L A
ANt HELLE B AR HE TR PR R S JBPERIDC R U T 3% S Xob e ST S e b e, S S M

http ; //www.ecologica.cn



16 1 F iR A LIRS AR EEA IS 5 S BOR——RAWTT R [ (L S o i 6865

EVEANALIE , (75 37 2 2 S A T A TR, R SR S T B A1 A R SCRR ORI 0 et R Ay it -3 sy
SRR ETTE: | J T T4 R A B Ay st ) SR 3

SRR A A T ) R A i ) b AR Oy A A e R Oy s e R TR G R AR, SR
A Fr S PR VC ST S AR i U2 AP 0 ) L7 3B R OB e B 2 S R
e R S A I BRI R Y SR A T R Y7 R S R

DAL R S 45 Ay Bl 11 SCHIUET 3 (Semantic Knowledge Graph) , AJa] T2 T SCHR Tt 5 (9 B} 27
JIIR P (Mapping Knowledge Domain) , BRI EIEE I T Garfield 42 H 1R 51 SCR TR T2 SCHRAY
JEAHPY T 2005 AR E A E A BIARDCHFFE | BT B [ P SCERB S 1 1 AR M Sk
RIS R  SEBUMB 2 RR A 1 i SR BT SORTRIET T SOCHR B4, A B TAG I Ll A Fnififl
(1 ST AT | 0HE 2 3 B U — A E B RS 1
1.2 HIESY RS A HEAS E S BT

SRR R — T SR 2 R S — > B 1) B A5 R B U R R A AR S
SPAOC B S B PR I AR SR B Z AT 2 MR SOC R, i e sh W AR i F RO 7E Tt
B U R B L S Sh W) S S ) Z IR R M R T LIS IS YIS R R
BRI SR P2 TR S A0 X 20 i) HE R RIRE R SE B2 0 7505 | ik ke S Sl = i s 1 R At B 5
SN XA, e FE R R s U A S sh o g b R e, sl Wy R S R S A (8 1)

FEMS AR I, B — 2 S PR A R AR AR O SEAAC, Al = F g5 N TR

A PR D Y T B e sl Py R P o ) e R T A R A SR SR S R Y
KAFEZIZ IR TR T 2 M WIS D X SEBEE R P I B, Un i oms — T 39 Js T b 44
HUESYE H i B W 49 R TR 1] Sh ) X S

KRF T B S W) AR S b 09 320, 3 o R PR T A A Sk — S SR e Tk
F 1K= R

JE AR BOCR AT LI E 2R, K B IR AR A6 RSB
1.3 sy v A At ) S e T i

LSRRI AT AW R AT, — R e IR R R Y R S MR R R ik
FEATF A IR BT B AR 336 255 R TR B R & AR A5 EAR B AR A 3 AT
PR T, o AR SR B AR A R ] S BUAZ 4 773k, an Pl AR e 45 (181 2)

[ngeon]| [ wpmem | [momms] [ ammr |
[y > SN I T N T T | N PR
| %9 ¢ IR | R | | S| st ||
g | L ke | mkER ] mireor |) (| miee )

____________ .
@mnsn Ri=uan |
3608M |

I

2 BaidEm !
et / [Esmanpmrink |
TR TIEFPRIR B

e )
e

B2 TEsAIREEGEEARRE

Fig.2 Technical process of constructing soil animal knowledge graph
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Table 1 Object property of ontologies for mountain soil animal knowledge graph
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Table 2 Data property of ontologies for mountain soil animal knowledge graph
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2R (title) , 4 (province) , F AR A B (lat_low ) , A ( lat_high) , # AR Z & (lon_low) , A JE (lon_
(L1383 Mountain high) , 4936 (mean_T) , 4 EPHRIR (min_T) , 4F 295 7% 6 (max_T) , 4 EIHE R ik (mean_P) , 5500

(soil_type) , FE¥I PR R (plant_species) , SAEZEH (climate ) , #5513 ( max_elevation)

R (title) , W3R 755 B (elevation ) , £ B (lat) , 22 )% (lon) , 3 J¥ (slope) , Y% 1] (aspect_cos) , ¥ 9 4 Fh 45 i
(richness) , 7% ( BA_perHectare) , 13 pH(pH) , LIEL A (TN) , LHELBE(TP) , LHEF PR (OC) , 145
FOKIE(WC) , LIARBE(AP) , LA (AK) , AR ES T (NHS) iR & T (NO3 ) , IR R IR E
(tempSoil6em ) , +3EF VLA (tempSurface ) , 37 1T KR E (temAirl2em) |, + 38 B ( moistSoil )

P2 Quadrat F4FK (title) , JEIK (shape) , 321 (long_edge) , 55301 ( short_edge) , 4% (radius)

PR (title) ,JE AR (shape) , £ (long_edge) , JH 1 (short_edge) , 242 (radius) , ¥R BE (depth) , SR 4E 41
(year) , >R H 3 (month) , R4E H (day) , RAEHA7 (unite) , R A (collector) , KA K (weather)

Z4FK (title) , B} (family) , J& (genus) , 503 (number) , K ( body_length ) , {4 %& ( body_width) , &% ( colour) ,
DNA £JE4% ( DNA barcoding)

FEHBZE Plot

2 Sample

LIRS Species

2.3.4  ARRUES AL
AAR B IPALFR U — IR T MM — 20k Sest e AT P e VMM HE BT SCAY L - S S R
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Fig.5 Visualization of mountain soil animal knowledge graph
] v 58 kg S AT s, TSR I N R A B RS X ILIE 4 LR 15 Sp.1: Damaeus spiniger %5 $ 2R FF i ; Sp. 2 : Platynothrus peltifer; Sp. 3 :

Hypochthonius rufulus 3% I 4% F i ; Sp. 4 ;. Hypochthoniella minutissima; Sp. 5; Ceratozetella sp. 1; Sp. 6 Hypochthonius luteus 4 #% 4% F il ; Sp. 7.

Oribatida sp.7 HH s sp. 75 Sp. 8 Acrotritia ardua i v = %; Sp-9: Eremulus avenifer fu] v B mﬁ; Sp. 10 Oribatida sp. 10 i sp. 105 Sp. 11
Suctobelbella sp.1;Sp.12 ; Atropacarus striculus

3 ETHEIYMIREENST

ST MR A0 LS S W) R 3 A SO S8 W) 2 AR PRI ST A =S FE 2R [ oA 7 MR L B sy
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3.1 RIS b

KA HFE W Protoribates capucinus 53 A1 7E WP EE T+ AR 8 BE R T 20 Flv 2R T 20° AL EME K T
025y A3 R 7 Bz R R AN F

PROFILE

MATCH (a:Species| title; Protoribates capucinus’| )-[ *3..5]-(b:Plot)

WHERE b. richness > 20 AND b. slope > 15 AND

b.TN>0.25
RETURN a.title, b.title

] P&k Pk KB 185 Protoribates capucinus sl
TE 6 i 2 AT IR &5 R 1 AR B b, £u 5 TMST, TMS3

TMS7 ,-TMS8 [ TMS10 ., TMS12 FEHb ( & 6), DLk —2 Protori'bates
?E}«E ﬂﬂ%%l\jﬁT 12 AMiﬂ@TﬁE@i%ﬁ!ﬁ%’éﬁﬁ 1ET capucinus

DA B 8K L 1 pl 5 08 B8 25 N2 HE A R s

[A]JRORE L, B B S8 4 S Sl ) o3 A TE MR LE AT 53 4 7 2
PR A
3.2 ReE AR RS R T

Sk PAF S Protoribates capucinus Fl 1 [ 2 % H Bl 6 =61MHIBESRER
W Lohmannia turcmenica I&[7) A TEAE WE e B2 K F Fig.6 Data mining result of case 1
50 FLBPRPBCROCT 10 B I 40 5 A ety O ot copetns SRS
BRIz IS R

PROFILE

MATCH (a:Species| title;’Protoribates capucinus’}|)-[ * 1..5]->(b:Sample) <-[ * 1..5]-(c:Species { title;

"Lohmannia turcmenica’} )

WHERE b.ind_num>50 AND b.spe_num >10 AND b.month=5

RETURN a.title, b.title , c.title

b B 9 IS BA SR FR WG Protoribates capucinus N+ PE S B g Lohmannia turcmenica YLF77E 12 DA
EEO MR R N 500—1000m BYJR7EMZ (B 7) o xS 013 W - Se sy AR IEGE ol H T 307 P i 22 1] 3k
FEIFR 5 AR AF B BT R - Z 8] 1 A0 ) S 4E 3 A B T8 7R RIS Y R AR e IR AE i 5 SRS R - 2 TR] 1Y
IR FXT LAY (%) 52 e SR 2% (R 8E, AE AR W AU ) PR a8 0T 2 A P A 5 1) BT R 5 G SR 27 [ ol R 4
HEEH,
3.3 BRI L HESh M o0 A (5 R

TR R T 300m B RE R T 15° FeARYIFhF B BERT 15 B A PR S KT 10% 13 pH {ER
T 3.7 HIEARBES KT Tmg/ kg WP A, SR ML A A K KT 50 3k (78 5 H 3R ERTER H 1L
) LSRR MR o Al . BRZ R AR AT

PROFILE

MATCH (a:Plot)-[ #1..5]-(b:Species), (c:Sample)

WHERE b.num>50 AND a.elevation>300 AND a.slope>15 AND a.richness >15 AND a.0C>10 AND a.pH>
3.7 AND a.AP>7 AND c.month=5

RETURN a.title, b.title

SRR HIRER A 1Y AR AR R 2 20 DIFIER B 1LY 40 A5 45 A BRI P i Protoribates

capucinus . Eremulus avenifer , Tectocepheus velatus ZE (A8,
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Fig.7 Data mining result of Case 2
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Fig.8 Data mining result of Case 3
Nippohermannia parallela : VAT H AU B ; Eremulus avenifer : BV H i ; Acrotritia ardua ; W35 = H W ; Ceratozetella sellnicki ; 8 [ /NI HY 5 5
Archoplophora rostralis ; V) .35 B 8 ; Oribatida sp. 5 ¥ % sp. 5; Protoribates lophothrichus ; 51 B3 H W ; Hypochthonius rufulus ; 1% £1 5% B i ;
Tectocepheus velatus ; T 1 S F i ; Gymnodamaeus adpressus ; Ji #1-2k F 5 ; Anachipteria grandis : K ICHI T B 8 ; Scheloribates laevigatus ; 1 B F i ;
Ramusella sengbuschi : Y1, [CA% JLH§ ; Oribatida Sp. 13 F i Sp.13
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Fig.9 Complex systems of soil animals
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