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Abstract

Macroinvertebrates are important components of stream ecosystems, especially EPT (E: Epheme-
roptera; P: Trichoptera; T: Plecoptera) aquatic insect larvae, which are important food sources for
fish in streams. It can also indicate the quality of water environment. In the summer (June) and
autumn (September) of 2018, 8 sampling sites were set up in the streams of Gulihe National Wet-
land Park, Greater Khingan, Heilongjiang, to collect macroinvertebrates samples and determine
the physical and chemical parameters of water. The seasonal changes of feeding functional groups
and species composition of macroinvertebrates were analyzed, and the relationship between
feeding functional groups of macroinvertebrates and environmental factors was investigated by
redundancy analysis (RDA). In this study, 999 individuals of macroinvertebrates were collected
and 65 species belonging to 34 families and 14 orders were identified. Based on the analysis of
feeding functional groups of macroinvertebrates, five feeding functional groups were found and
namely, Shredders (SH), Gather-collectors (GC), Scrapers (SC), Predators (PR) and Filter-collectors
(FC). The dominant functional group was the predators and the collectors. Pearson Correlation
Analysis showed that only predators (PR) had significant positive correlation with Cl- (P < 0.05, P
= 0.02). At the same time, the results of RDA analysis showed that the 10 water physical and
chemical factors used in this study had a common effect on the distribution of macroinvertebrates,
among them, total phosphorus, conductivity, turbidity and pH are the main environmental factors
that affect the feeding function group of macroinvertebrates.
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1. 5|15

BIRAES RGN MRS ES RS, BRI Z 0 0GE L] BT 0 H 2 bl 2 %
ISR X I AR RRBHAES RS, B R, JFHEFEENEDZRM. Bl
B N B KRS SR AT SR B B A AR AZRFTIRD, WERE, YUFEE.
Horr, 2% i (Brachymystax). ¥ %'fif(Hucho taimen)F1 22 Je VT fii # (Thymallus arcticus grubei)% /& & £ fx
P, B X et 2R R B DIRE R KA R AU B, JUIE EPT (B: WU H Ephemeroptera; P:
I H Plecoptera; T: E##H Trichoptera) /K4 R4 . EPT /KA B HUS KBRSV i B 22808, 1
B R E YRR AT EWEE I E . [FR EPT KAERRMERRESRZRAT ER
WANE KRR, FEEAR KRR ARE UK. 5 T RESFER 2] [3]. 487, FRERILHIX KR
AN ZN ) J7 T A I8 32 BEAR TP AR SR iRt [4] . BT AHR][5] [6]FIME )L LLRFR[ 71558 /KIR, K2R IR
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(A

R E AR X AEM 2 R R e B R AR S X —. Ik, BE— 2D 5l BT 30 i 2 Tl 3K
RURMEN Y ZFENE, XN X “ AW ZHEPEOR I e X8 B IR EE R

R KRN (5% B D Re R 2 T e fTBRICE W SITE . AR NS A AT @ N, Heikit
DIRERE M RAIE DA E PP PR SR A XK A AR P miF) 3. 2 TR [8] [9] [10] [11] [12] EAMX AT PAS
KBS B BRI S5 R AN AE @ R, 38T USRNSSR R LA R AL S R GE %2
BB OL[12] [13]. FEHEF 1RO RS Y D RS & R OO AN 2 o B T AR AL X AE B 0]
[4]+ W& )LUREHE[7] BIA-RI[5] [C1AUE IR FTAt o A2 R TR AR FE[14]3R B KRR A AN R 22 5
R PIRETE 0 AT AT 7 AN A BRILZAb, FEGFRTTR 24 ASRAE OB ST [15] PR BL: AEUE]
AR TRTAN [T 42k A S M0 K B SER A S P i o A ORI 7 AN R o A BT St — PR 1 R BRI 304
T DIRERERAVE L S IR R T ROAHSCHERT A, oy LR IR A ) 2 AR PR O R AR L ZE ([ 16] o

2. bR

R T Lk BT % 2 B T K% 2 W R A MO JR ) o RS . B AR R O AR
124°3206"~124°47'26", Jt%h 50°36'19"~50°51'05". Ji& S Y [ Ay KB 1 WUUMRIX, AR 220K,
FFHAER-13C~2'C, B TIR-454°C, FFEIRKEL 500 mm. KA 11 AVIFFRES K,
HAERF 4 A~ afHaaiL.

3. MR5EH*E
3.1. REEREFRERKE

AT TR X K% 22U vty LT ] S 2 el G A R LA S EDR DL, - 2018 4 B Z AR Z=AE 20 [l P 24T
R JEREHPIREA RIS RAE, I T LR SR AR R i, 3 H T 8 /SRR R, 2 RURI ]
GPS B, FERMRUCN: I RN 269k BLR i S#OuHy LTSI 4#)9/Nly FEIT /K o el it
55 SR/ BURDK BRI AL 4 5. 6409/l BUAT A SRIENIN AT 1 5. 7#A0 8#73 R H BE T A (18] 1)

3.2. BEAREMEE

FIFH D MW ETE 429 30 cm, 500 pum M )T KBRS RS . REBIMFEAR R MITE
REESEH BN 40 B o FE5R 3 TIE B o I H 5250 5 A ORI 7N 03 P BT KRR AT s AR Bk H ok,
TR FEE 2 85% (1P RE 1 HH 3k AT 18] 58 DR A, 7l ] SR =6 5 Ab

TESCER = A, SR A AR 3% H O R BB E T R 4, P A B A BB AT SR, K
ZHIEARLE TR, DBOCE LN BRI T BIRLEUR . e TTEARE KA S SR AS DL A AH
T R EEHEAT L E 0 Morse [17]. Merritt [18] LA K K K& [19)461E % & F I8 3.

3.3. RERWzIRRINEEREXI 2

AT TR B A KA R A S 5 e Thae ekl 73 5 FhRR, i (PR: iR Az ®). B
FRUEEH (GC: FE LM R Z MAHBR A ) i IEU SR (FC: EZIE /KR I 40-G HUBIRL,  H0kL
FARAE 0.45 mm | 1 mm Z[A]), & E#H(SC: TEEAEBELFNAED). e SH: EERERFME
) KA PR, R E AR KT 1 mm).

3.4. IKIFTRALIRFRME

TEILAFI R YSI-6600 £ Dy g 7K 5 73 Hr A 337 i 1 5: %8 (Cond) « v BE (N TU) L 5205 5-(C) KR (WT)
43K (Chla). FHIRER(NO3 ). & A(NH; )\ pH /KA 1o B RAE R 2 /K 500 ml
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Figure 1. Map of sampling sites in Gulihe National Wetland Park
B 1. HENEREAERESREER

35. gt AE

X T JE AR HARIEAT AL B, A R R )RR Zh P55 D R 5 HoK AR B AL N PR . AR R AT
%} .43 4T (Detrended correspondence analysis, DCA). fESETGiit 7715 M id 72 o0 B FiZ 0 50 & 76 B oh it
ATHIRAE, BT DARREE T 250805 oA 905 DA B A5 P R 250 08 R S R i AR FE 1 o T DA FEE 77 1 |
BT HE— P HIE . WS BIM S5 KRG T YA EE 16 52 i K B (Lengths of gradient)7E DY ANl T 3,
PR i e 58 FH 1R 0 AR 3 AT (RDA) - F4i1 ] Canoco for windows 5.0 11 Canodraw 5.0 #E47 7347 .

4. BRE5H
4.1 HENEZFIEN 2 E AR R FLE AR FFE

2018 S AIYIE], A8 B E SR B R BB 999 MME, SR ERIET 14
H 34 7 65 f, Aih 3 KM AKAERM. Hshympiksiy, HhokERIMERE, HAERFM
K 8 MRAE SIS AH . 3L 5L, (SRR 78.46%. b EPT B dt. #FiFH 9 Fh, #33H 5,
BHH 8 fh. FHUCKIL 8 FAAZIYIAN 6 FIAY TN, 200 AP EAUY 12.30%1 9.24% (% 1). Hrf
BAARZhY), FECAMESHERE MO sl I B B RS
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Table 1. List and feeding functional group characteristics of macroinvertebrates in Gulihe National Wetland Park
= 1. HEAEREM A E KB RE SRR R R EHFHE

H
Order

/KA B2 HL Aquatic insects

RHTR}
Family/subfamily

i

Species

BEIRER

Feeding functional groups

U# H Diptera PR AL Chironominae I FEFRISUE —Ff Procladius sp. PR
ZE[B #2450 Chironomus circumdatus GC
£ R Chironomus anthracinus GC

IR 1) —F Gyphomella sp. GC
FKH A BE#RISC Stictochironomus akizukii GC
4k — X BRI Dicrotendipes pelochloris GC
4 K& FEI Cryptochironomus supplicans PR
1745 9ERE I Cyphomella cornae GC
KL FR IV A} Tanypodinae HYNIEFEE Natarsia nugax PR
SO 2 FRI Apsectrotanypus PR
B RPZIOF L Orthocladiinae T XOBRRISUE —Fh Brilliabifida sp. SH
IR FEPR I B —Fl Zalutschia sp. GC
ZI 4R #21I Thienemannia gracilis GC
IR L FEE Cricotopus annulator SH
HRFEIWE —Fh Qrthocladius sp. GC
KRl Tipnlidae Nippotipule sp. GC
A A sUm —Fh Holorusia sp. SH
21 KIS & —FP Dicranomyia sp. SH
KA —Fh Tipule sp. SH
&3 H Plecoptera %%} Perlodidae Perlodini sp. PR
Isoperla sp. SH
#&5F} Perlidae Phanoperla sp. PR
X ##&#H Nemouridae % X %4 )& — P Nemoura sp. SH
Z44E%L Chloroperlidae Suwallia sp. PR
J"# H Megaloptera YR F Sialidae kIR Sialis sibirica PR
VeI B —F Sialis sp. PR
%4 F} Corydalidae SE U514 J& —Ff Protohermes sp. PR
48 H Hemiptera BIEFR Gerridae K& —F Aguarlus sp. PR
I H Odonata KR Macromiidae Macromia sp. PR
Isogenus sp. PR
2218} Lestidae Lestidae sp. SH
FriE R Gomphidae Sinictinogophus PR
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Continued
E# H Trichoptera WHAEEL Limnephilidae Anabolia sp. SH
Dicosmoecus sp. SC
Clostoeca sp. SH
Limnephilidae sp. SH
fH 4119 RL Brachycentridae Micrasema sp. SH
Brachycentrus sp. FC
A F Phryganeidae Phryganeidae sp. SH
Apataniidae Apatania sp. SC
174 | Ephemeroptera eF i Al Ephemeridae Ui J& — % Ghemera sp. GC
J %} Heptageniidae Ecdyonurus sp. GC
47} Caenidae 47 JE —Fh Caenis GC
Brachycera GC
/NEF R} Ephemerellidae /N & —Fh Ephemerella sp. GC
HRFATJE —Ff Serratella sp. GC
45 22 8% %} Siphlonuridae Ji 220 J& — b Siphlonurus sp. GC
K[ R} Metretopodidae Kgulg & —Fh Metreplecton sp. PR
PO +54F %l Baetidae VU5 —Fh Baetis sp. GC
#5# H Coleoptera PR 2 E AL Colymbetinae Agabus sp. PR
HHRE Haliplidae R E—F Haliplidae PR
ErgzSIEY)|
JELAR H Basommatophora MESZIZ AL Lymnaeidae H# M2 Radix auricularia sC
M % 2 Radix swinhoei SC
YIZ |42 Radix ovata sC
£ 4542 Valvata piscinalis SC
Jm 2L Planorbidae "% Gyraulus convexiusculus SC
5 /£ H Mesogastropoda HH2F} Bithyniidae 7% 512 Bithynia fuchsiana sC
EJE H Eulamellibranchia ERUA} Sphaeriidae 1Bk WL R —Fh Sphaerium sp. FC
& H Unionoida I#£} Unionidae [ Ti 2k Unio dougladiae FC
EINEEELEY)
g5 B Tubificida BigE L Tubificidae Tubificida sp. GC
i 17K 2215 Limnodrilus helveticus GC
W% H Rhynchobdellida &R} Glossiphoniidae #RZFEIE Helobdella nuda PR
#+ZI% Helobdella stagnalis PR
Ui 5 J& —F Hemiclepsis sp. PR
Y H §i% Parabdella quadrioculata PR
: SH——H#itr#, GC——HEf#, SC—Hla#H, PR—BEH, FC—IEaH.
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(A

4.2. RER\ERIRR]DERNFHEN

M EThRER M RA MR E, EFT LAES, HERAEZEP > 0.05). EEHEMMBHEFTLHN
HERZ(5 M), KFERZ12 F), FEaFLEEHRE, HANFTRIRBAIME R ZER, B4
HH 22 07 J& —Fh (Siphlonurus sp.), FKZEPIFIANELDY 1507 & —Fh (Baetis sp.); &I & & A0 KR
w0 M), HEFERZ6 #), HFEZEUBEBENE, HADAFETYHEERZ W8N EE(Gyraulus
convexiusculus); Tl & F R WK TR L (15 F), B (12 F1), FELIXGH H FRECRHE gt
NE: WEHEMRYEEN BN RIKTRZQ F), EFRRZEG ), FEDEHEAE. WDFTME
211374 Anabolia sp.; JE&EFRFTLNNKTHZ (3 Fh), HFR(2 M), FELIEIEE N3,
P AN B 2 W03 T BRI J& —Fh (Sphaerium sp.) (] 2).
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Figure 2. Quantitative characteristics of feeding functional groups of macroinvertebrates species
in Gulihe National Wetland Park

E 2. HEAEZEMAEKEREEIR R TR IM BT

4.3. IKEEUEFHFHEN

BT, RIS AR SRR EEAWR . BRA R JRIDIRARS B A E WS, IR R
Bas e, FKXLYUKEA T BRAKEEHETERRRKEAE XS, PFIRgEREN, K
Tk pH EAEEZER P, KEREM, X—45 %5 Narangarvuu 28 A fHRIE 2004110, B4k, /KiE. HS
RRA BRI H FRFK T (1) 2 5 B35 (W FEAR t K%, P<0.05); CI'v NH; . NO;. NTU. Chla #1 TP
ZE AR (X FEAR tE56, P> 0.05) (L 2).

4.4. IKEFEBEEETFEXRRBEIRRINEEER Pearson 8X 0

oy BT ] S b 8 e 5 A R TR AT sh A48 & T RE R -5 /K AR B AL IR (1) Pearson AH G 7t 4 SR s R
HEH(PR)SEE 7 (CNHTEAEEE R IEAZ(P < 0.05, P = 0.026), M5 H & KR H AL K 735G B2 A A <
(L 3).

4.5. KFBUEFSXBRHEMIERIEEEM RDA 534
76 RDA A3 Hr KRB AP BL T & F(C1) KIR(WT). pH. ZE(NH] ). WEERIR(NO;). i
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(TP). B Z(TN) M4x3R(Chla). ¥ (NTU)HMIHL 52 (Cond) 3L 10 ANEFxR, 7301 5 v HLI [ S22 el 5

RPIASZE1T DU S 8 ASRAE s (0 K BY R Zh 4 & Th RERE A B 4T TU A 20T (RDA)

Table 2. Characterization of stream physical chemistry in all sampling sites (mean + standard deviation)

2. IARMERNERYIBUZRIE(EE £ ERE)

KSH FES
Water parameters Summer
ST CI™ (mg/l) 70.41 + 26.89
HENH; (mg/l) 0.52+0.78

THEREE NO, (mg/l) 0.05 £ 0.07
HUE NTU (mg/l) 3.60+1.12
IH-43% Chla (mg/l) 3.68+2.58
#1435 EC (uS/cm) 50.5 + 26.05
pH 7.23+0.56

ZKIE WT (°C) 14.76 £ 2.72
S TN (mg/l) 9.70 £5.42
SSH% TP (mg/l) 0.17+0.11

&

Autumn
47.67 £12.93
0.05+0.02
0.02+0.01
3.04+1.23
3.77+£184
67.38 +22.12
8.30+0.36
1238+ 1.17
2.39+0.96
0.11+0.09

t test

2.1583
1.6836
1.5474
0.7670
—0.0797
—2.7710
—4.1979
2.7656
4.1460
1.7083

P

p-value
0.0677
0.1361
0.1657
0.4682
0.9387
0.0276"
0.0040™
0.0278"
0.0043™
0.1313

E: RTEABEEREP<005); TRRAREEEEREP <0.01).

Table 3. Pearson correlation analysis of the number of feeding functional group species and water environmental factors

= 3. BRIIEEIMEE SKIFERE T/ Pearson HHX 5347

%t
Stati;fggji—ljiﬁlysis cC s¢ PR FC SH

AT Pearson AH 2G4 -0.109 -0.147 0.555* 0.087 0.168
CI™ (mg/l) 22 R 0.688 0.588 0.026 0.748 0.533
A Pearson FH 5k -0.215 -0.197 -0.243 -0.122 -0.207
NH;  (mg/l) 3 2 MU 0.424 0.464 0.365 0.653 0.441
TSR £h Pearson AH 2G4 0.208 0.287 -0.147 -0.153 -0.0.35
NO, (mg/l) 525 M R 0.440 0.281 0.586 0.572 0.897
M Pearson FH <4 -0.398 0.040 0.247 -0.379 -0.179
NTU (mg/l) 35 P (O 0.127 0.883 0.356 0.148 0.506
T Pearson A1k 0.163 0.157 0.316 0.126 0.304
Chla (mg/l) 2P 0.545 0.560 0.234 642 0.252
LERS Pearson A 0.190 0.282 0.007 -0.394 0.011
EC (uS/cm) 2P OB 0.480 0.290 0.979 0.131 0.967
pH Pearson #H ¢ -0.118 -0.018 0.361 -0.105 0.171
PRI 0.663 0.949 0.170 0.700 0.527
K Pearson AHC -0.165 0.041 -0.152 0.201 -0.255
WT (C) RN 0.543 0.879 0.575 0.456 0.341
B Pearson AH 2% 0.010 0.55 -0.126 -0.265 -0.173
TN (mg/l) 2 ey El)) 0.970 0.840 0.641 0.322 0.523
PN Pearson FHIG % 0.346 -0.169 -0.279 -0.491 0.285

TP (mg/l) 25 MR 0.189 0.532 0.295 0.053 0.285

VE: %, 7E 0.05 KT (RU)_F 52 H A
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w3 pior, E. KIHZENH RDA 2 b1 250 P A HE P flifl— (Axis 1) R4l — (Axis 2)I4RFEE N
0.3354 F1 0.2100. KA PIH & DhReiE 5 PR A 1A SGPEAE Axis 1 A Axis 2 MB35l 0.9852 Fil
0.9522, HFF& RAREM. MIE 3 Hilm] LUE & B ThAE FC SEALR T NH, - WT 2IEMHK, 5HAb
IKARERAG IR 7 R AR, SR ThRe#E GC 5HALIT TP. NO;. Chla. Cond Z[A] £ 1EAG. B DIRE
B SH 3% 5 NO; . Chla. Cond. TN. CIZI[HfF{EIEMAHKK R, SEIIRERE SC 5 TN Z [A4A{E 1E
. FHEThRERE PR EESHLNT pH. NTU. CIZIAIfF/EIEMIERAR. NH) « WT 5EaThRgRt
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Figure 3. RDA sequence diagram between feeding functional
groups and environmental factors of macroinvertebrates

B3 KERMEZNYIRRINAERE S I EE Fiaf) RDA HEF

5. Wig

FEAVCH A, HORESIRA WY 14 H 34 B 65 Fin, HAKAERRFRREZ, JCHZ EPT
et HAEROCHR I (8 ARG AR K R, EATT R 20 A 52 J8 & AR e 26 A2 R, R E BRFE K A 25
REe s TR EEE, SR KBRS i B E VR R R A 3] [21] [22]. FEAHTT
e, JF Hia H (E)P A B i b B 20 LE E 22 32.7%) i T8 3E(20.4%) . KAYRA S YR £ B Z=rh
WD, AR R R AT 2 R SRR BT . KGR AT 2 R 1) R EER B
[23] [24] [25] [26]. DAME R0 TR SCHFIR— KB I3 R Gt R R S S 0 R v 2H B 4 2 e ) B 250
MR ER, I POANRKIR FEL[27], JFEARYE “HPEETI0 B#ig[28], AURIIFETTIEA G N T YR
FEEIREF T IR B K L

CARERIRT SR, i RARMEh YR 2 LLRVE S B, TR VI 20 IR 5 2K pH i, i
LA pH A2 22 520 K R e A S ) A B I DR L S i K 2R SR A s e 1) 22 BEE A2 K [29] [30] [31] [32].
FEAWTFT, R KRB 15 KR M Zh V)5 & DI REREIX) Pearson AHSC el LA HY, i & (PR)
HEBE F(COFEREMIEM KK R(P <0.05, P =0.026), 1M e /KA 754 B 2 ARG M .

RDA 7 Hrai RN, SR SR pH (H. M KA RN 5 & DR I B B O, 8
HAEEULE . KADFRRILE, 7TUE B BHIG A SUIRERE FC AEMAIIC. R AT IIMRIT SR
WY, B RN KRR B4 23 AT (R E 2 U 5C[33]. I HOR R Sh e v 45 M IR AL B B
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TR ST G 80 O 7 [ 34] 0 380 3 RO S 0 B /K A 5 R 0 R R AT, A i Y
TR 53 47 [35] . AHAS VORI 52 9 o & Bt T KA RS Th RERE 40 A (O 5E0R . T pH (4, LA EPT
9 K A B T 2R UL B B 2 A B P K Ak L 35 fURR[36] [37]. A4 Stoertz 1 Bourne 25 [38] I 5T
e ey RS BE S 28 BB pH (V] B MR IS 52, 400 2 REVE BB IR [5) . AHFIE R R
IR, DRI o A S O R R U R B . 7E pH A A R X A K
T, RS I RAF I B RR L, R FER TS TR R B 0 e i T IR, FOE I AR
R B SR S K TR R A 0 F 2 727 S [39] [40] .« T LAACTIR FE 1 — 45 W 52 5 K TR RS Sh B VA A5 1 5
HE S SRR 35, ETIR IS T A S SRR R W S BT I 2R R 1
6. &R

2018 4FE MR, 76T IpIT A4 o B [E 500 A 3R AR F] 999 AN AR AA, % i 14
H 34 %1 65 Fi, 40 BIET 5 AR ThAERE, bl e R fr g A ThAERE . B 44T 10 Bk ALK
DT KT R EN A A OB, SRR, A, SR, MUEAT pH R AT RS A A
PR EREHE T, R NE RS SRS T RSN IEM SRR,

EEWH
X H maft kot k), SR 99 4 1B 5 5 R 71(2016 Y FC05004-3)
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