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Abstract

Streams are very fragile ecosystems, and their habitats are easy to be destroyed by the human
disturbance. Maoershan streams flow through Maoershan National Forest Park in Heilongjiang
Province, Northeast China. The stream ecosystems are under quite serious pressure because of the
human activities. And the larvae of Ephemeroptera, Plecoptera, and Trichoptera (EPT) are three
types of insects that are very sensitive to habitats change in stream ecosystems. In the spring of
2019, the sampling sites were set up in the upper reaches of the streams of three different sections
in the Maoershan streams to collect EPT aquatic insects and measure water environmental factors.
The Functional Feeding Groups (FFGs) of EPT aquatic insects were studied, and the relationship
between FFGs and the main physicochemical factors of the water body was performed using Re-
dundancy Analysis (RDA). The results showed that in the different stream sections, the water
temperature (WT) and conductivity (Cond) had significant differences (p < 0.05). The chemical
oxygen demand (CODc;), total phosphorus (TP), and total nitrogen (TN) values in the interference
section were higher than those in the restoration section and the natural section. A total of 116 in-
dividuals of EPT aquatic insects belonging to 15 genera and 13 families were collected, and 4 types
of FFGs were classified into Gather-collectors (GC), Scrapers (SC), Predators (PR), and Filter-collectors
(FC), where GC was widely distributed in three stream sections and its density was the highest in
the natural section, with 52 ind./m2. The RDA analysis showed that SC was negatively correlated
with TP while PR was positively correlated with Cond.
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1. 51§

TH SR IK S AR A7 U ER R AR ) 0.8% [1], E1orAnE HiEK F3r 9.5%MMAP[2]. AP I B B M T
S Y 8 S BUR KA RGN AR 2 R T B0 XU I b it SO e AR S R G H, R
A RGUEE 2 A NS R BUR R3], TR AERRAEDAL . EHRIA . SRR R SRR A
ARG K TR E . FRIE 90% L ERAI T IR IS 25 g, B2 i B KA
EARH4]

i H A H AR H (EPT)/2 KBRS TP AR 3 U 1 = A 268, R IRIRKAERS
RGN bR 2 —[5]. EPT RFMRRAS RGN, RAKES KRGSV EYMN I E
B, HHARKAE BB ILFE KA S R ORI E 6], KiEH . EAEEIIRE SRS
IR R K[7]. B BERE(Feeding functional groups, FFGs) /& HR 4 15 £ % G R0 5 925 1) 22 5 % 7K AE 5 ik
AT —TAEZS A3 280810 FLaR A I R BYRAG Sh P (L& SEmE (9], X — A PpIEfE AT B . S i
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JoKAE B R A A K BEA AR REASAR[10], BE S0 AS B b X AN R /K IR 1 ) 5 KRR W sh R 74 1) 2 TR) FA)
KA[11].

MLl [ AR AR A T 7 T B VT AR W B T AR AL R e ) Ll SE3e bk, i Se A iR e L & i 78 1 L
WMée, Hx HARSRIEMASCRIEAT T K. B2 NS R B 5, ARG & R Bk
Z[12], AXHEE 2R 7 —E R, o, A TR LR B TR SR, TE A AU
P, BUERFIE R E A REE, TIE B R AEBLSZ SIS AR AEAR R EAE, 53T B 438 f(Channelize). A
TR R BB IR B A3 s 1 S S A PR e, VR IR AR B S A T A BRI AL o T AR
B TR PG, SRR EE N IR S A Z R D 8RR R3], [RIRF, (BRI R M o
23 SRV S AE AT T R oy S ) K AR R U 2 RE V[ 14], 1T A AR BIAR T B SRR T 20 IR K
BRI 15]. BRI 2 40 5, A BRI AR VS o iE Ll [ SRR A TR A S R AT ok — 2 15
Wi SRTA EPT 7KA: B HUR SR IR B AR BUR ISR, MK A Rk EEK, W DR R B2 T 0%
FEo BRI, ASCERE xR LR EPT /KA B IRt AREEAT R 2, #R5 EPT RN A 5K B2
AR5, ME )Ll B SRR AR 2 el F) DR AP S AR AR AR

2. R EE
2.1. AR

B L B KRR A W R G & T 1992 4, REKA LRI, 5K A WRTEH /NG REK, PR
300 m, A HALE KRR RSAR16], 76 7~8 AREKTEM . 1B IR S R AR K 2257 4h sz 5
FEH——E ) LI SEEE AR N (127°30~127°34'E, 45°20'~45°25'N), %R LIS THALETT — S St bl A3 ) |
W, HHEJLLAERESS, A BEEEE ) LANN G, KBS ROLR, 208 )L R & R R E
BOKIR[17]e WA ARG K & @IS ME, AR )L LIS I KPR TS G i gl . e AME AR
FHBIX R I I H RS IRV A R R L ok 5 R L A SR DR AR ) L L BRI ) B R A B 2 B e Ui
FER MR . SRR, TEME LU E KRR R R A RIS RE S, S B R A T B R E T
B M. kS, BEAREE 301 SO AT [18].

22.EPT RESLE

TRIGHIE TEHPI AL U 2% 1, 1B 3 2019 SEBEFAENR) LR AT KBRS B R 2 IR ArcGIS
10.3 BEAT KA mon B B2 . ARIERR 2 BT RAE, %5008 3 AR BUAT I 7, 205008
T B ERBL( 1A 1) oy, TIBOR AT BRI B, AL T 70 B iy, Lt
B3 AFERI(S1~83). b, ST BREA EEGE, WE EIEETIET, FIAHEART: S2. S3 AR AL,
FERPUEGR . BB R Z(T AR 8 AT ReEiissh. WE B 1E =4 i ¥4 23t 47 1 S i 2h 7 BL
BLR T AR N Dk 7, b T H AR R B RE b o R BT U3 BUA Ry, JEBCE 2 S FE R(S4~S5),
Horb S4 SELHIRTMESS, KEGR, WRMAVURERE S, GRZ/NIIf; S5 EFUKMIRELR S4 ¥, If
HOKBUHE, BRa MM EZ . ARBARRZEN N T RS KK, G0 o Fom B By, 3%
BLE 3 MERI(S6~S8), BEIMARHEE R, AT, TARTI, Hrh S6 KB EIIRMERZL; ST
A S8 KBTI, KA, ERFMED RARZMAIES, BHEREES .

EPT EHRAREMM D RM(EAR 0.3 m, 40 HJE R BT, KA KBRF AR NS, B4
WEAFEME RO A BRa A, af. 5. A HE, EIRL. BiR. §oKIX, Jeibiuiil
RE5E REAKE RCRBE BTHIRZY N 1 m®, JHE T 40 H 2 RERBEE TSR, EPT B IRFE (VAL Thlt AT DA ik,
ZJEAETIN R 73 B9 85% RS R A7
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Figure 1. Sampling sites within streams of Maoershan National Forest Park
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Table 1. County level planning schedule

= 1. BEFRAMARI—ER

I3 B PR b R AL bR T A BERFE
FHE s1 P e R0 IR UPTT AN B i, TR
” 45°19'4.03"N, g RS, WEAATE, SRR A AR,
127°34'14.67"E it AR T
<3 45°19'4.67"N, e MERJVFETARFENES, Wb, BESA]R
127°3424.55"E it %
LB 54 R K WA A, AV B
S5 AT B WA AT, IR
. 45°23'51.45"N, TR — TR ACHEA S, S — ML=, JEARSR
RAE S6 127°3734.81"E x %
<7 45°24'10.02"N, % TRTP AN, RIS, FRIABIARKE
127°37'58.86"E f%
s8 T % TR AMEIA e AT HE

127°38'57.44"E
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2.3. WEREEMITNIRE

%7 Barbour 552181 F & B[ 221007775 AN AR UE, S AS[R)I] BOR AR i A2 354 0 04T W 53 o 12 5
PEVEAT . VRN FRAREFEIR . Wi B 44t FoKX &, SRR, IRERYPAERRE, RIS
HISEERIE DL EAME . YEMNARUE: I 16~20, EilF: 11~15, —fK: 6~10, #: 1~5.

2.4. IKIFTEALIRIRIE

TEKAE EPT FEAMIFEIN, {1 YSI-6600 £ JyfEKi 7 BT Iz K R AL Fa bR I 2, A& K
R(WT, C). H5%(Cond, us/cm). JhE(Tur, NTU). fEEEASRAE SEUKEE 500 ml 5 0] 5206 5 48 1 e 7
DRB200 4 f#{XF1 DR1900 COD 73T s 8 (TP, mg/L). S Z(TN, mg/L)FI{L 2% 75 % 5 (COD,, mg/L)H]
ME

2.5. EPT ThaEBERIRI 4

%% Yoshimura [7]. XJ&HE[8]. Cummins [9] [23]25E X} M SN 5 & DI RERE RO I 40 738, MRIEK
AR HCE AR, R LRI 4 O B B 5 (Gather-collectors, GC). | & # (Scrapers, SC). i
B # (Predators, PR). %% 3 (Omnicorous, OM). it JEUL%E # (Filter-collectors, FC)F#i & # (Shredders,
SH)%% .

2.6. BURAE

] Canoco 5.0 XI EPT & DhEeHERUKIAEE S H 2 [A] (1) 58 RIFAT IR 7 HT(RDA); f ] SPSS 22.0
BT B 2R 7 22 0 M1 (One-way ANOVA)FIZ 5 LLEE, DA TR AN AT BE TP TN COD¢,» WT. Cond.
Tur FIZ R

3. fIRER
3.1. FEITEREEREEMTMN

X Ll [ KRR AR A el SR 9L 45T BUEAT W SR R ME VRN (2 2). AETIRBU(AL 2, AL, A2), it
JRIFE BB, WA SR RIBCR IS A SRR 172 DLE, (BEE AP T2 A AR EE 5
JRR, KAREM, Jeib B E, B AR REAR LB IR B MR AR WS s MR A o R
NNNEHETEE, PIRTIARERBMEPRZ, BRI LF e SR EACL T AN RO 2, TR
A SR ERA KX SRR E VS ROV R K S8 R 34T 7N, ARG R, R
DURAH B

FEWE B 2, BI,B2), I S4 824f, (HRAE S5 FaibItLFRsR, HmsiaE kK, K
2 BUR 5 DR BECE A IN [0 75 BR A A0 s, D04 TRLUFPRAY; 72 S4 Ab, BRUBUR, Kitis, 1
S5 JeA —NSTRIE R, WBEA — MR X, #KX B R — s WHEM R REREE, AT ARZ,
ERNA N TBERE R H R 7w, DI R RE . SR7 RPN & H gt T
B

FEERBUE 2, Cl, C2), JEBPERA . JIARIBORIA A 3/4 LLL, 1EOUELS: JTTE P A A
B, JFHAAEA. BINBE RIS, S R ERdr; {E S6 M1 87 IiEARF %8, Rk, Mef
TR REORIXE, FOKX R, If R R KT AR D, SRR RETE. SRR R AAL T8
EPIRAS, ST WHEA BRI, (ERHRE AL 30%, SEARETERE THE; #£ S8 AbHEL
B, SEREATIRMEAR, DN o LR A R RS
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Table 2. Qualitative Evaluation of habitat quality in different stream sections

%% 2. NELNARMEIREFREE TN

g
] B
JER IR 5% 52 F FK X 5 = WERENE =R R B
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W B 13 15 10 15 14 15
HARE 17 18 16 14 15 15

e I R

=
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Figure 2. Interference section (A1, A2), recovery section (B1, B2) and natural section (C1, C2)
B 2. FIHRER(AL A2), TREE(BI, B2)FMBRE(CI, C2)

3.2. FEIMEBRKFEEREETF 54

X )Ll [ SRR A Tl SR I 45T B P K PR B AN IR AT LA, R J ik B DR 3R T 22 43 A ok ) i 5
B2 MK A EAG D 7 2 R R R R (R 3). @l el s, fETRE, Fra s aSEy 2 amn; Kk
SEBEBE(TP) SR (TN)&AK: HABRKFFAE(CODy) KiR(WT). HL5:2(Cond) Fl & (Tur)
JEf&. B WT F1 Cond % S PEEZEIMp < 0.05), HArAE S LR EER .

R4 GB 3838-2002 (HiR/KIBEFESRMHE) , fETHLEB S3 1, COD¢ N 15.90 mg/L, 4bTF 11 5H1
I oKbRAEZ (8] FEFTATA B, TP A TN B & E35805, /£ S3 o TP £ 21X %] 1 6.90 mg/L, AT
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ABV KR HE. FRILZ A, S3 B Tur ik 284.20 NTU, # S AMP/KIRIER s, JRWENE, KA,
S DX e i T & AR A K

Table 3. Water environmental factors (means + standard deviations (SD)) and single factor analysis of variance (One-way
ANOVA) in different stream sections

3. PRIABRKIMEEASH R BRRRE=S

KRB HA S5 FHEL KB HRE BRETTESHT
p(TPY/(mg/L) 137+1.12 0.57+0.17 0.91+0.78 0.617
p(TN)/(mg/L) 4.17£257 3.00+0.28 323+0.61 0.712
COD¢/(mg/L) 10.53 +4.97 7.60 +2.40 4.69+2.89 0.260

WT/C 20.05 +2.02 1273+ 1.22 13.4240.51 0.003
Cond/(us/cm) 0.10+0.01 0.072 £ 0.004 0.069 = 0.006 0.005
Tur/(NTU) 111.70 = 150.23 12.20 % 15.56 3.87+3.67 0.393

HE: R AR T E bR .

3.3. EPT #IM4ERR 5 FFGs X4

VOB IR AR EPT BHFEA 116 3k, 13 B 15 J&(F 4). 154 H (Ephemeroptera) [ E B %, It
1183 3k, 5 EPT S 31 71.6%, Hrh X LUK 228F & (Siphlonurus) &%, 5 EPT S401) 29.3%; #H#
H (Plecoptera) ' Phanoperla JE ¥ & % , 5 EPT 2 AMEEUH 6.9%; 1fi Xt T & # H (Trichoptera), Nemotaulius

BHEERSL, & EPT BAMEEN 12.1%.

Table 4. EPT list and functional feeding groups (FFGs) in Maoershan National Forest Park

= 4. TEJLLLERBFMQE EPT ZREEFRINEEE

H #} J& TR
fH 2243 %} Siphlonuridae $L20F )& Siphlonurus GC
74 H Ephemeroptera
%Al Heptageniidae = HINE R Epeorus SC
7%} Ephemeridae WP & Ephemera GC
/NiFF} Ephemerellidae W IEJE Cincticostella GC
/NEFJ& Ephemerella GC
BRICNE 8 Serratella GC
Y75 Baetidae VY- J& Baetis GC
1547 R} Leptophlebiidae WA 5478 Paraleptophlebia GC
P #ER} Perlodidae Arcynopteryx PR
&3 H Plecoptera
ZR4H % Chloroperlidae Suwallia PR
1 F} Perlidae Phanoperla PR
% JE A AL Polycentropodidae Polycentropus PR
E#H Trichoptera
FE AL Brachycentridae Brachycentrus FC
JR A F Rhyacophiliae Rhyacophila PR
HAE Limnephilidae Nemotaulius e
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3.4. ANEIAER EPT FFGs $BIELE;

KA JEAR S B B AT A5 H R B A o] DLR I B IRAEE— € R R, TR B DI RERFAE X PR
SRR E VPG A BRI [24]0 XTIE L1l B SARARA A R B EPT B DhRe it 25 B 7 A
BT GEHH(E 3). TR BOR AR BE R, GC #BA B A A 34, L8 FE 1 5 R Al BT AR B, O 52 N/,
H¥ s 5 A FC AW E Borp R B, HEBERN, N 2 ANm’s SC B R KA B AR B
N4 A, TR T IBRIK R BEA A B LT3 A PR ER R BN EROR, A 1 AY/m®. /e
BT BT A B ok WA OM AT SH AR AE .

SRRk = AN BL ) EPT BCE AR S T4, SR N T 23 3k, RET 787 8: WER
itk 253k, HET 6 FleJE: BRBILIT68 %, FET 7R 9JE. BRRMYFEER THREFIKE
Bk 3 1%, RHEamtiEE, HifEARNFEEEHERT FIBAKER: WEBHT B A%
SRR LR, EYF B ERRE M LS THRBAM A HEME . NRTIRGRRESRRH K
BRI SRR, o 7 SeBUB R Mo g AT N TR 5 BUE S 3248 R BUA AT, (IR RE1L,
EPT IS8 SZ A3 o

50 1

40

£ FFGs
c

S 30 []ec
’g [ ]sc
8 L er
i 20 B

5=
3

il K

FHER B BIRER
%5 EL Stream Section

Figure 3. Density of feeding functional groups in different stream sections

[E 3. FEAEE EPT B EEEHEZESH

3.5. EPT FFGs 5K ERF KRS

f# ] Canoco 5.0 i1l )Ll E K FR A T EPT $R & ThRERF S5/KIAEE 2 [0 1% REEAT /04T, TE/ TR, X
FIOKEEF T AT logX+DAH, fEHET IERD 0. SRAHEATRESAN R (DCA), KIYIF
HHE () BV AR SD(BEFE) N 2.1, /NT 3, BTLABEE & TUAR 20 HT(RDA) . B R SO HEP AR &, EPT
B ITNREREAN AR &, KT R AR R, 1F EPT IRE AR S5/KABE A 7 1XUT B 4).

RDA %5 8 h BoR(F 5), BT P BIEEE 2 19 0.631 10,176, PFh-FREE A 24443 51 4 0.904 A1 1.000,
I H AR BT 80.6% 04l 1 Akl 2 FPglifidRe. il 4 R, Shh 1 MISCHERSRIVIABEIN 78 WT
(—0.272)F1 Tur (—0.281), I H HHFE I REREA/KIREE R 12 (B R AT 1, GC 5T AR -2 (a1 35 %
AARBRMIAR G, E=AAFEFBAA /340 B (SC)5 TP RILH — @M FUHICHE, BRI
TP RER E A BEAE BI04 PR 5 Cond RILH IEAHICICR, YU EENS 252 M 3R B = /KRS
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Axis 2

st
<

-0.6 Axis 1 1.0

Figure 4. Biplots of EPT feeding functional groups and water environmental physical-chemical
factors based on RDA ordination

E 4. 2T URIHT(RDA)BINE)LILERFMAE EPT FRINEER SRR FIFE

Table 5. RDA results for EPT feeding functional groups
% 5. EPT IhRERF RDA A4 R

iy FFIEE VIR - BRI OCHE PR R R E R % Yl - IRBER S B L 2 %
1 0.631 0.904 63.0 74.0
2 0.176 1.000 80.6 94.6
3 0.046 0.930 85.2 99.9
4 0.001 0.982 85.2 100
4. i

WKL RGUR MR BB 5 SR KA A S R [25], iR s ss A S R g, HoKA
IS TC A HESh M0 b 22 REPEIE & 32 21 2 T B ARIA 26 AR BRSPS IUMBUR, gl 2 A Tt
TR AN Z FEAERE D REVER[26]. KAERREAMEL, AFHNIK: HaapriigEe, 51X
s ARSI B FRUEEZ R R, 2N TI0R R A M 1A 55 40 8 T DLTIUI S5 i, R Y
9 B B L K P AR AL ) B B R 2R [27 ]

L KRR A T R L R AR AR T, PR 311 m, ALK . SR,
RN TR RS, 08 LSRR NI, DU OB - BURER SR, 5 301 &
TEMEAR[18] SRTA B TR BLHE WL A2 20 EH T, AR R R A B B, R 7
Werz L, RIEAH MR, AKARVE R, BUEIE L LR BB AL, A B AR IR
ZRINKM KA . MRAE Timo Muotka [ 150 7T, IRIEM FEURFA M R LK%, MLz,
(5] IS A5 2 PR — Lo A W e A B (R mT P S AV 35 S o 1 R SR 23 P ) B T e 3 UK R R W sh ) A %2
FEPEE R [28].

FEFEATWE ) L Ll BRI AN (R ] B 58 S B EAT 58 PR VPO vh A B, 6 T LB IR TR A 858 R A MR 22
WA R R BEHOR A — S ID ERE Y, IR R LB RO TR ARRIE M A, A o
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WA, TR B KBS AR B 22 52 BRI AR E G TE SR ZUR2 A [29]. BRILZ Ak, FEXI| & 4155 (30]
(R HIT AR 70 ARt R B, TSR IAL B DR e 2 IR S BN R B BRI, ) EPT B B () A A7 36 A £ T
AR

X)L Ll R 2R AR A T R IR AN [F) V] B (F 4B VR BRI B SR BOEAT /KA B AL IR 1 23 B o A SR
KE, B, HTZANTIEKR, BRANEEZ 2] — BRI, a8 8E SR m
s EBEFELAMAL S, WTE 52N, FASIERL, MR R, RRMNER
EFREVRAEAR, RN HER NS ERHEY =, BRI . ik CODG, tim, B3R 4T GB 3838-2002
(HbFOK BT B ARvEE) i) T 2REk 11 oK pibntE: ko — MR IR T R, ERE— A ARSI
PGS, MRAMERSRE BT, PR ONE RS, BoKEBNE, BEHREE. ARBAE =5, TS5
LS, BRIREGK, JLSMHR SRR, AW EESE S, DR RARFIEARNF . BB CODe WT,
Cond 1 Tur NEAK, T ZE0H WT Ml Cond fEAFNTEAHE Z R (@ < 0.05), XE5ZFME31]X
T EPT WIBFFUARML. TG 22 0 G046 EPT 1E A 1A B WA 7 45 1 2E 03 i — 58 IR [32], IX 1] Rt
THES HAREB BPT BEVAHAFE 2 R A %, FRRR AARBIREMRIC, S5ERMNFEHEE SBOERRN
AP RSS2 IR EUD . m R SR R 3 R

TR T RERE(FFGs) &35 oins, MM E R ThRe MR B AP MR 1 75 1% mT DL
SRR a0 K AR B HESIICIL I EPT)AE VIR 2R [33], AR5 L EPT AU FFGs, Hrf
B A H (GO hALHEE TR B A AR B A W 2RI, A 52 Avm?, [FRE, fiH RDA 4 #r kBl
GC DhRe it 57K 5 b 2 R JCAR SR A AH G, Ui GC DhREREAN REAR L7 4 S R ZK B ;s PR 5 Cond
RIHIEARKRR, YOHHARW A2 SRR SRS §l&#HSC)IRERE TP RMAAHKKR, &
R E AR E 31 IR AL JEEE (FC)MRERHNA — & Brachycentrus TEWE B AL S ML, 1@
ISR LN, R I M 32 B KR AR /AN YR, TR BT T B, X AR I VD KA AE S S AR AR AE,
H L SHHTE R E O RS, BREER, AEWRANaWmEMLs FC, 5HIAMFT.

5. &hig

1) FETHE, (URBUAR TRUFRA . REREEE T —RCRAE, Wi, BkXAE. BE
TRd s R EESR 7 RSB, E KX R EL T — M, HARS TR T RUFIRES: TEARE,
B TR E R BUT A, HoAR S T T AR R .
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