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Macrobenthic species distribution modeling based on a binary logistic regression .

a case study of freshwater restoration wetlands in the Yellow River Delta of China

YANG Wei " , LI Xiaoxiao, LI Ming,SUN Tao
School of Environment , Betjing Normal University, Beijing 100875, China

Abstract; Studies on changes in the. macrobenthic species distribution could help to understand the ecological restoration
efficiency of wetlands and elucidate the ecological succession process. Based on the results of field samplings and species
identification from 2014—2015.in the Yiqianer national nature reserves in the Yellow River Delta wetlands of China, in
which freshwater release has been implemented since 2010, we selected three characteristic, dominant macrobenthic
species, namely, Chironomidae species, Sinocorophium sinensis, and Alitta succinea, corresponding to freshwater species,
euryhaline species and brine species, respectively. We selected salinity, pH, water moisture, total organic carbon (TOC) ,
and median particle size of sediment as environmental variables. Based on the binary logistic regression approach, in which
a binary| variable. (0/1) indicates whether the target species were found at the sampling sites, 80 groups of the field
sampling datawere used to calibrate the parameters of the distribution possibility model for the three species, whereas the
other 20 groups were used to verify the simulated accuracy of models. Based on the simulated distribution possibility of the
target species at the sampling sites, we spatialized their occurrence possibility using inverse distance weighted interpolation
and’ characterized their changes on a regional scale. We found that the models for Chironomidae species and A. succinea
corresponded well with the survey results and their precision rates reached 84.9% and 77.9% , respectively. In contrast, the

accuracy of the simulated occurrence probability of S. sinensis reached only 26.7% , which may be because of the mobility

E ST E : 8RS HERBT T A TR (973 714)) (2013CB430402) ; [E 58 A AR BLA T H (51579012)
W5 B #:2016-08-26; P £& H hi H #3:2017-07- 12
# W IRAER Corresponding author.E-mail ; yangwei@ bnu.edu.cn

http ://www.ecologica.cn



2 Wtk A BT Logistic [ U F) BT = i IR KIS 0 DK R JE AV A g A 0 A A4 7751

traits of S. sinensts and small sampling data, and because the selected environmental variables could not cover the main
limited survival factors for S. sinensis. The distribution possibility for A. succinea showed no significant difference between
before and after freshwater release. In general, the distribution possibilities of A. succinea in the study region were lower
than 0.55. Furthermore, the areas with distribution probabilities between 0.4 and 0.55 accounted for about 28.2% of the
study region and were concentrated in the intertidal zone. The main high distribution possibility area for Chironomidae
species was the freshwater restoration area with the implementation of freshwater release. The area with a distribution
possibility > 0.5 for Chironomidae has increased 9.9 — to 10.8 —fold after the ecological restoration. Owing to the low
accuracy of the simulated distribution possibility, we did not spatialize its occurrence possibility of S. sinensis on a regional
scale. The steep increase in the occurrence possibility of Chironomidae species after freshwater release indicated that the
restoration wetlands increasingly showed obvious freshwater characteristics, consistent with the significant reed growth and
increase in the freshwater habitat patches observed during field investigation. Although the freshwater habitat succession was
unpredictable owing to significant fluctuations with respect to release periods, we should take éssential measures, such as
continuous freshwater release, long-term monitoring system, quality improvement of released freshwater, and cost reduction

and high frequency of freshwater release, to maintain the long and difficult transition.

Key Words: species distribution model; logistic regression; macrobenthicy freshwater restoration wetlands; Yellow

River Delta
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2.1 FRALCREE
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Fig.1 Map of the freshwater restoration area and the associated sampling sites
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(2) K R AMETENE AR DURRYIAE S B m, & TR R B R & 105°C T 2 e &
m, 38 (m,—m, ) /m,x100% IR & AR IF0 5%,

(3) pH FrEGE T 20 H i M RF +4F 20 ¢ F 125 mL ]~ FIEU A, A 100 mL JE CO, ZE K, FilZl
BEFE 1 min, # & 30 min 5, AEEEE A HQ30D 22 HUK B & pH (EIFiC5%,

(4) RiA253 40 R S3500 4R BE 43 1A %2 ( Microtrac, Montgomeryville, PA, USA) . HUFE S 0.3—
0.5 g(MAFIRESTIE , WAlIE 3 g) A THHIIBERR  IIA 10% H,0, 10 mlL, 78 XU P 47 I L Pz b s
£ 70—80°C , HHIA A ML A B EFEM TP A ALY, INAGE 4 (29 2—3 mL) 10% HCI, BR 208 & iy 6
BL 5 I 08 e — 1 B Ll iR . O EOR, = I 4% (NaPO,) (10 mL A5y 3 BIGH) 5 B R 4
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B2 5 h JFHUH AR T T RSN TR R RIS AR my o 1E A (i —my )/ my X 100% 3T
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gER (R 1), MR BE R T B M VD & (Al succinea ) . WP A2 B g 2 ( Sinocorophium  sinensis ) | & $X
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Table 1 The dominant macrobenthic species in the study areas (I to V) before and after freshwater releases in 2014 and 2015

A AR AR A BAKIE
Before freshwater release During freshwater release After freshwater release
A o= L o= L e
AR Dicrotendipes sp. 1 1™ AR Gyraulus convexiusculus 1 VSE[EEANS Einfeldia sp. 1
BKEAUR Orchestia sp. 1 ZMHEBL Dicrotendipes sp. &V 1 Pupa 1
i Pupa I KB HEIL Tanytarsus sp. I K BRI Tanytarsus sp. T&IIT
PFEBL Chironomus sp. I&IT BEFEEUFRL—Fl Hyalidae 1 gﬁiﬁ?jﬁi s 1&11
R EBEIL Cricotopus sp. I&IT &V PIFEIL Chironomus sp. 11 Stk SRR Einfeldia dissidens 1&1I
ﬁ)ﬁi%:ffomus rostratus 11 W Chlaenius sp. I 2 JEFEIL Polypedilum sp: 1&I&V
SaL= Sigara substriata 11 EAngaivg Polypedilum sp. 1 TR — o Ceratopogonidae 11
A g R Sinocorophium sinensis &IV K BRI Tanytarsus sp. 11 A I Sinocorophium sinensts N&IM& IV
BEFIRI VD% Alitta succinea v B FUF Exopalaemon carinicauda — TI&IV — —SUPEBL Dicrotendipes sp. M&V
WL R —Fh Bivalvia v BEHIRVD TR Alitta succinea IV /NKI|UE Sigara substriata 11
VL BHARYE Moerella hilaris v A R R R Sinocorophium sinensis v 5 15| 0 Notomastus latericeus &IV
Eat()j;)(hﬁifzfmm japonicus v KIJEHE Helice tientsinensis v ALHL Lineus v
£ R FEL Polypedilum sp. v B /NI Microchironomus tener v BEFRI VL AR Alitta succinea v
H A AR B v
Macrophthalmus japonicus
AN Glauconome angulata v
TS WE LS Laternula gracilis v
KHEJESE Helice tientsinensis v
HIVRIRJE Assiminea sp. v
VU Ff WA W Mactra veneriformis \Y
REHWF . Berosus sp. v

2.4.3  FPRES AR
VIR w57 I H ARYIAFR SR 3 A0 ME R R FEE | iz FHRCR B AR 1, SE B9 IX 3k PN o A MR i A2 4k, 4
FEVEXE ArcGIS 10.3 -4 0F 528,

3 #R

3.1 SRR

F2 R BEHE VD A | P AR EARE LA PR I BB R S BOCR R S R AT LB Y pH X BRIV AR A A
TR, VKON TOC | Bk R AR JE 5 [FIRE , pH X v A2 05 26 A7 78 I AR ik fe K, Ok o TOC A K 3%
XTPRUCA T 5, 3R pH FIE KR TTIRA Y , 395K, TOC MR/,

XTHLG I PAEZESR, DL 0.5 A EUE (KT 0.5 BMAAAE I Z AN AAETE) | BEERI % 9 B H0 30300 o4 1
R 84.9% , AL EAEE I BLILMER R A 26.7% , $5 BC4 A HIER N 77.9% , b5 T Fh AR i 3 2 A, A5
B A A e LU
3.2 PR

XA 20 2SN ECHE HEA T TR AU G o ST BRI v A R i He SR 2 A WA A A S 7
REFUUME 6 (2 3 5 T AR R A B0 A WA i VR A Sl A O AUMEL (P < 0.05) AU 5 S W) & 80 0s (% 3, 3%
4) o TR AR | SR AR B AR WA 3 57 AR SR 5 AR R AR B A R S I A A I AR
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HES(P > 0.05,385)  BHIBCRA TG X SRR EFRABEA —E XK,

®2 BANXARFEEVYHBEREEFSHEUER

Table 2 Parameters for the three macrobenthic species

BT BeI IR 42 rhAE s 5 dnc )y it
Environmental Variables Alitta succinea Sinocorophium sinensis Chironomidae
Eh¥ Salinity(a) -0.136 0.047 0.361
pH(b) 1.570 6.029 0.397
27K Z Water moisture( ¢) -0.241 -0.178 0.330
FP{EKIfE Median particle size(d) -0.035 -0.065 -0.045
TOC(f) -0.317 -0.304 0.000
*# & Constant (k) -5.952 -46.205 —-11.118
F3 FRARDEREHERIGIE L RIS
Table 3 Model verification for Alitta succinea
HECRITDA S Kb [LEDY S VAl i i S B
Sampling station Measured data Simulated possibility Sampling station Measured data Simulated possibility
I-1 0 0.23 11-3 0 0.03
I-2 0 0.10 111-4 0 0.10
I-3 0 0.11 V-1 1 0.55
I-4 0 0.00 V-2 1 0.50
11-1 0 0.13 1v-3 1 0.47
-2 0 0.39 V-4 1 0.36
11-3 0 0.19 V-1 0 0.15
11-4 0 0.29 V-2 0 0.06
1I-1 0 0.02 V-3 0 0.14
I11-2 0 0.54 V-4 0 0.07
R4 B RERERIIGF 45 R AT
Table 4 Model verification for Chironomidae
JHAE A S Ec e (LS PUTES PAAE A LB (S LTES
Sampling station Measured data Simulated possibility Sampling station Measured data Simulated possibility
I-1 1 0.70 I11-3 1 0.81
I-2 1 0.85 111-4 1 0.85
I-3 1 0.77 V-1 0 0.36
I-4 1 0.98 V-2 0 0.33
1I-1 1 0.41 Iv-3 0 0.24
11-2 1 0.49 1v-4 0 0.21
11-3 1 0.70 V-1 1 0.51
11-4 1 0.59 V-2 1 0.31
-1 1 0.44 V-3 1 0.70
11-2 1 0.62 V-4 1 0.49
®S5 ERRERAGIFARILE
Table 5 Model verification for Sinocorophium sinensis
PR i S EE (B LIRS ks Rk LRSS
Sampling station Measured data Simulated possibility Sampling station Measured data Simulated possibility
I-1 0 1.00 I11-3 0 1.00
I-2 0 1.00 111-4 0 1.00
I-3 0 1.00 V-1 1 0.99
1-4 0 1.00 Iv-2 1 0.99
11-1 0 1.00 V-3 1 1.00
-2 0 1.00 V-4 1 1.00
1I-3 0 1.00 V-1 0 1.00
11-4 0 1.00 V-2 0 0.78
1I-1 0 0.69 V-3 0 1.00
111-2 0 1.00 V-4 0 0.98
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WA T4 HIE 0.5, F 0.4—0.55 Z (A1 TR (5 AFF 55 X TR Y 28.2% , HL 43 A i Fel X5 S5 rp 7 i 1|7y (1 2)

20144E A A KR i 20144 A MK I
201548 A 24K R 20154 A bk e
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2 RHARDENSHHEE
Fig.2 Spatial distribution possibility of Alitta succinea
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Fig.3 Spatial distribution possibility of Chironomidae
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SRR — 30T il S5 R I i PR R b i 0 LA S AR S i R A2 2 A 6 AR SO e R A
SN 80 LA AR BT H b 1) T L E0CHE VR SR AR (9 I 505, TRk 1 20 20 %F 1 B3040 o A ST 1 AR HE A T 56
E, e AR AR D . A WIETE R R A A5 5 Al P 38 R RSBl 1 % B LA — i IR AR Sk
HF AN S B A R L & T A RN E P D AR X ERIRE SR R Bl HORS BEA — s R, TR R T S
(RRRE S AR 2 S E Y BRBER bR e I, JUHC 2 AR 5 Pl A A 7 LT PR 3% 170 PRI s 14 356 ) T A6
SURPEER S35 o TR A DRI ] B () — 20 A RRAE ) LK E T ) B BEAILRS 8l 1 A SR A2 19 195 10 o X A 7
FREIOCR B A — 5 A R
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A ST rh B FR VD A R A OB T A AL & B BRI VD A AR S A B ATADL 45 S bl i) )
()3 DX ) s A AR 238 LA g TR0 A D SR LA R 100 — B, 8 504 e o3 A BB AU 285 2R s 1 7
TR AR I DX I8 185 3 AT R 5 AR SRR K b e D 5P i LA R A — B0k i v e R 2 4D 45 SR AN
FRAR TR AR 2 HLA — 2 MRS st AR AR B HLAA 035 Sl P A AR P A RAE I F T AR W BEAILAS 2001 R SR 4 2
HIIE AN T ke, H IR A AR IR ER /K A B BAEE v iy S 78 SRR RV A W b, bk BE BT )32 T 32 M A
AFF 5 H R A R ) S B 7 05 1) PR DR 0 AN DA a5 rh e i 1 A A R R 2R
4.2 RIKWRE XSRS =ik

KT PR X RIS O AR R AR T B B ZE AR, FEAMK TR SEE S , PRl &)
AR T HEIE 0.5 M A TR R 1 10 52545 o VR BUB IR K IR M ) R | 42 B &) Hugg A B3R 1 (.
EHR ER TIRE XAEA SR T ZEAMK G A U0 AR AR RRE o 33X 5 SEBR ) B4R 0 v | A 2
AIKE PRI DX 25 st /KA B BB T AR O A s AR b2 — B0 . B RAT TG R 2 IR IX N LA
KSR RO, R T — 2 i AR K R R 45530 T 28 RO 0 . 2014—2015 4, % A= AN K St 117 14 A
IKH, BRI BAE R DX AR A3 AR 80% L) AR AE 0.2—0.5 FYTE B P, B8 IR T IR K, X S5 AR #b
HKJG 70% VL EAETE 0.5—1 JE N AR AAH L 2 2 ik, X — PR UERH K58 I AR B8 fh ) 28 i E A
FETERR IS o LUK K S [ A 759 s, A UK RTAR BT B RAN KR, A= Ba A8 s th 30 20 A e 52 5L % £
RGO, 25 FEENTR K N H T B 1) 00 8 45 A4 2 TR St TR K ORI A P EREE T2 b b /K 7 S5 it A3 5 Ry 4T 1
W, RIRZE Kt A iy TRk i, 2 A P IE 3

X HEASHIF 5 1L DX 5 80 8 R /KRR G AR BEARRAE AT RIS e B = A — T A SRR P X AR SR X
BAREA T — B IR/KIB - (X — A SR R A e 4, AR B A TR IR 2 2 — M I 72 TR K
AT BRI N T B KA AR AR it PRI, S 2 oK T AR A S it Aot 8 v i 22 A 7 < 0 A A 1 R
5 A ARG SHE R R G, I T ek A BE ()R (R S AR B i AR B A1 AR AT DA SRR [ K
A AR KRR
4.3 RKIKE X I TE G487

PRI R T ), B, XCHH, FrrRERNM AR PIFEIC( Chironomus plumosus) .2
JEFEIL( Polypedilum sp. ) % ZFh PP e 7F R EE 035 8 B0 TS YL /K AR A 3 R L RN TS R, A ISR %
W1,V 2450 R A A i 5 ORI B rb 0 J 4 Ja TR B2 S IE AR DG OG AR LR I 17 o — 2 3 Rl N T AR 45
S R B RB T RS S o X — IR UL TR IS UV Ry KA AR s R, A e R R
) 22 /1 FAE 25 LG I8 2R 8 T A T e sl 5 e AU A S AR R, B e AP R AR XA R R A, R
SR R AR B RE R I R I A IOAS 58 X AE (BB T BESE K IX A 15 Y A AR AR

PRI, A PR B A W S T S it A P TS S 5 A4 58 1] 3R 7K D i ek A5 IR 44, A 080> b 4 B 1 ) ZE kA 7
HE SRR ) TR b K SR KK BT 40K b 7K BT 1) 5 R R DR -8 A 4 e B

5 #ig

(D)FEE 7T Logistic [H1IE A9 BT = A7 PHIR ZK PR 2 950 i R R0 JES A6 A= 4 b B o0 A AR 4DUBR AR | Ok 6 T B8
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