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Production dynamics and trophic basis of three dominant mayflies in the

continuum of Shenglihe Stream in the Bahe River Basin

DENG Shan, YE Caiwei, WANG Lixiao, LI Xiaoyu, YAN Yunjun "
College of Life Science and Technology, Huazhong University of Science and Technology, Wuhan 430074, China

Abstract: The macrozoobenthos community plays an important role in material cycling and energy flow in riverine
ecosystems. During the period of March 2009 to March 2010, an investigation was conducted on the life cycle, production
dynamics and trophic relationships of the dominant mayfly species in first-order to fourth-order rivers — a continuum of
Shenglihe Stream in the upper reaches of the Bahe River, a main branch of the Yangtze River. According to the diversity of
micro-habitats, from the upper to the lower reaches of Shenglihe Stream, 12 types of habitats were chosen for quantitative
sample collection. At each station, two samples were taken with a 250 wm, D-frame kick net or a Surber net, and the
samples were sieved with a 250 pum net and sorted in a porcelain dish without magnification. The specimens were kept in
10% formalin for later processing. The life cycles of the three dominant mayflies, Heptagenia sp. , Isonychia sp. ,
Ephemera rufomaculata Zhou & Zheng, 2003, were analyzed by their monthly size-class frequency distribution and their
cohort and annual production were estimated by the size-frequency method. The results showed that Heptagenia sp. and
Isonychia sp. appeared to develop in 3 generations per year, while E. rufomaculata had 2 generations a year. Their

standing stocks exhibited a rough trend of increase from the first- to third-order rivers, then a little decrease in the fourth-
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order river. The estimated mean annual production of Heptagenia sp. was 200.13 g-m™>a”' and the mean annual P/B was
23.69; those of Isonychia sp. were 82.06 g-ma”' and 18.12; while those of E. rufomaculata were 12.30 g-m™>a™" and
8.78, respectively. Production dynamics of the three mayflies were in rough agreement with those of their biomasses, but
differed significantly from each other. The daily production rate of Heptagenia sp. reached its peak (363.56 mg-m >d™")
in the second-order river in March, 2009, that of Isonychia sp. had its maximum value of 282.76 mg/m’d in the third-
order river in March, 2010, while the maximal daily production rate (33.36 mg-m™d™") of E. rufomaculata appeared in
the first-order river in March, 2009. By analyzing their foregut contents, the proportions of six type of diet (. amorphous
detritus, animal materials, vascular plant detritus, filamentous algae and diatoms) for Hepiagenia sp. were 74.37% ,
4.19% , 17.11% , 4.29% , 0.04% , respectively, and the contribution rates to the secondary production were 77.15% ,
11.27% , 6.57% , 4.95% , 0.04% ; for Isonychia sp. , the proportions of its diets were 65.64% , 6. 17% , 23.04% ,
0.54% , 4.53% , 0.09% , respectively, and their contribution rates were 68.16% , 16.61% , 8.86% , 1.03% , 5.23%
and 0. 10% ; while for E. rufomaculata, the proportions were 41.14% , 5.96% , 38.04% , 1.34% , 11.21% , 2.31% ,
respectively, and their contribution rates were 46.67% , 17.52% , 15.98% , 2.81% , 14.13% and 2.91% . The above
results were different to some extent from our previous reports in Hezhuchong Stream, a second-order river of Hangjiang
River and in Tanqigou Stream, a second-order river in upper reach of Changjiang River. The probable reasons resulted from

the different environments and distribution regions.

Key Words: macrozoobenthos; production; mayfly; dominant species; Shenglihe Stream
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Table 1 Main physical and chemical characteristics of Shenglihe Stream

. S it A iy TR AL
vp1 “;F’”i f Total P Total N /T g/i) NO2_N NO,-N
alue particulates m;
/ (mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L)
7.13+0.10 23.23+2.42 0. 10+0. 007 1.17+0.06 0.66+0.047 0.005+0. 0005 0.18+0.01
R B
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Fig.2 Annual variation of standing stock of Heptagenia sp. in Shenglihe Stream
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Fig.3 Annual variation of standing stock of Isonychia sp. in Shenglihe Stream
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Fig.4 Annual variation of standing stock of E. rufamaculata in Shenglihe Stream
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2.3 4R

2.3.1 gy S AR A

J B —Fh Y JEAE P/ B ZRECRN R AR AR 7 i R ORI 5 R N3k 2 R, SR TH, Jd — b iy 81
TEH 8,45 g/m? | [ REA: 44 66. 71 g/m’ , RIE 1 4E 5210 3 AR, JHAE P/B 250K 23. 69 , S [R1Z% i3]
I RAEA: i (g/m?) 43I P2=75.17, P3=82.05,P4=57. 64,

F2 HAAREZE—MNBAEESE
Table 2 Annual production (g/m? wet wt) of Heptagenia sp. in Shenglihe Stream

LSS R LSSk AW AR AR SO EES A=t
Size group Density Mean weight Biomass No. loss Mean wt at loss Biomassloss Production

/mm /(A/m?) /mg /(g/m?) /(A/m?) /mg /(mg/m*) /(g/m?)
0.2—0.4 1235.56 1.55 1.92 648.89 2.77 1797. 38 16.18
0.4—0.6 586.67 4.95 2.90 470.00 7.58 3564. 54 32.08
0.6—0.8 116. 67 11.62 1.36 88. 89 16.05 1426.70 12.84
0.8—1.0 27.78 22.17 0.62 11.11 27.70 307.82 2.77
1.0—1.2 16. 67 34.62 0.58 5.56 44.16 245.34 2.21
1.2—1.4 11.11 56.33 0.63 7.78 66.77 519.31 4.67
1.4—1.6 3.33 79.14 0.26 2.22 91.81 204.02 1.84
1.6—1.8 1.11 106.51 0.12 1.11 106.51 118.34 1.07

A= 8.45 [ {E AL 77 1 = 66. 71
JA4E P/B=23.69 JA4EE PR 66.71x3=200. 13

2.3.2 SEIE—FhpYJRAEAR S

G JRAE P/B ZRBCRRAEA 77 i ARk 0 5 R a3k 3 o, HERATA, S5 i —Fh iy R
At 4.53 g/m’ | [ HEAE 808 27.35 o¢/m? S50 —F 1 AR5 3 AR, JA4E P/B RE0h 18. 12, AN [F 2K
ST B R AR AR PR (g/m?) 433 P1=5.07,P2=13.36,P3=98. 16,P4=29. 51,
2.3.3  ZIBERREAEA

ZIBEUE [ JEAE P/B ZBOR R AR A P AR KR T, 25 SR N6 4 iR, i ] A 20 B0 i BA7- Bt
1,40 g/m?  [FIEHEAE =/ 6. 15 g/m?  ZLBERE 1 4RSS PMEAR, JEAFE P/B RECH 8. 78 , ARG 3R] 3t
JAEA R (g/m®) 05 P1=2.61,P2=4.73 ,P3=2.12,P4=0.35,
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R3 HANEE-MNEAFETE

Table 3 Annual production (g/m* wet wt) of Isonychia sp. in Shenglihe Stream

LSS s NS EX7) Vol 5 4 Uik 5 ) EAES AP
Size group Density Mean weight Biomass No. loss Mean wt at loss ~ Biomassloss Production

/mm /(A/m?) /mg /(g/m*) /(A/m?) /mg /(mg/m?) /(g/m*)
0.1—0.22 1662.22 0.12 0.20 -520. 00 0.21 -109.57 -1.10
0.22—0.34 2182.22 0.37 0.81 1000. 00 0.49 486. 62 4.87
0.34—0.46 1182.22 0.64 0.76 523.33 0.97 505.88 5.06
0.46—0.58 658. 89 1.46 0.96 260. 00 1.80 467.03 4.67
0.58—0.7 398.89 2.21 0.88 256. 67 2.68 686. 81 6.87
0.7—0.82 142.22 3.24 0. 46 85.56 3.99 341.24 3.41
0.82—0.94 56. 67 4.91 0.28 32.22 5.52 177.78 1.78
0.94—1.06 24.44 6.20 0.15 22.22 7.07 157.09 1.57
1.06—1.18 2.22 8.06 0.02 1.11 9.37 10. 41 0.10
1.18—1.3 1.11 10.90 0.01 1.11 10.90 12.11 0.12

A7 =4.53 [F) i A 4 =27, 35
JH4E P/B=18.12 JHARE R 27.35%3 =82. 06

F4 MATOREBHNEAEESE

Table 4 Annual production (g/m? wet wt) of E. rufamaculata in Shenglihe Stream

(LSS wE (USSR EEL7/b s o AR Ul 5 A AR P2k At
Size group Density Mean weight Biomass No. loss Mean wt at loss Biomassloss Production

/mm /(A/m?) /mg /(g/m?) /(A/m?) /mg /(mg/m?) /(g/m?)
0.1—0.3 73.33 0.04 0.00 -206. 67 0.07 -15.49 -0.17
0.3—0.5 280.00 0.16 0.04 72.22 0.29 20. 65 0.23
0.5—0.7 207.78 0.52 0.11 102.22 0.84 85.43 0.94
0.7—0.9 105.56 1.33 0.14 46.67 1.88 87.71 0.96
0.9—1.1 58.89 2.65 0.16 30.00 3.37 101.21 1.11
1.1—1.3 28.89 4.30 0.12 8.89 5.41 48.08 0.53
1.3—1.5 20.00 6.81 0.14 4.44 8.57 38.10 0.42
1.5—1.7 15.56 10.79 0.17 1.11 13.84 15.38 0.17
1.7—1.9 14. 44 17.76 0.26 8.89 19.99 177.73 1.96
1.9—2.1 5.56 22.51 0.13 1.11 26.59 29.54 0.32
2.1—2.3 4.44 31.41 0.14 4.44 31.41 139. 58 1.54

AP =1.40 [ RELE T 5 =6. 15
Jil4E P/B=8.78 JEAEAE PR 6. 152 =12.30

2.4 HrcmEshds
2.4.1 JlE—FpgE e B h s

Ji AR A P i SN AN AL 8 B R, HIEIAT RN, AR I RETE 2009 4F 3 H, g0 Bk ok, H ¥ R
162009 4E 3 H , i ik Bl ok, 705900 1526. 16 mg/m?,363.56 mg-m™-d™" . XA =g TS0

SR ARG 2ZE A B (P=0.19) AFRAMHZEZERATEE(P=0.13),
4.4.5 SFRE—FhYA RN

E—Fh By A AN 9 B, B IEATA, A A H 7 17 2010 4F 3 A, =900 i Bk i
K, A350H 1872.58 mg/m”,282.76 mg-m »d™' . XFAEFERE IS, S5 R R R RSN 2 R
(P=0.0013) AR A MMz ZER AR E(P=0.29),
4.4.6 ZBERERA RS

ZLBERE A A P B A AN 10 B . B EIATAT, AR i Fn H 22077 33078 2009 45 3, — 2l Hh 213k i
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Fig.10 Temporal pattern of interval biomass and mean daily production for E. rufamaculata in four orders in Shenglihe Stream

2.5 EFREA T
2.5.1 Jmig—p

i W — TP SRR AT S AN 11 PR . W ATE TR E S AL A2 | 22 R
FMGERE S Bl R IF— RO N S A KB . TOIEARE SN S Bk, i85 74. 37% 4
AR BTRRRN 77.15% , S Z 17 4.19% WA P2 5nikoR ol 11.27% AHWEF2E b7 17. 11% WA =
TTHRAEN 6.57% , 22 RPN 4.29% KA FETTRRE A 4. 95% , ik 5 0. 04% X A7 FE BT 3H 0. 04%
2.5.2 “Fig—pp

G — PR E SR T A R N B 12 PR, YA G Y S0 E S A AT N 24
RBEFNRERE 6 B, TOILSE)E SN SR LBl i K 183 65. 64% , XA 7= 5 I TTHRR S 68. 16% , 314)
ML 6.17% PR BTk F N 16. 61% FEWET4E 5 23.04% WA = ok %k 8.86% , H I 15 0. 54% ,
XA = B TTER RN 1. 03% , 222K 82515 4. 53% XA = BTHRR N 5.23% , ik 35 0. 09% , X AE 7= i TUERR
$70.10% .
2.5.3 LIBENE

Z1BENE IS FRILRE AT A R AN 13 R, HEYRAMLIE TR SEEE shdl 2 MY B 220k
FERRERE 6 Bl TCIEASEENE SN &9 LBk 5] 41. 14% XA P ST R 46. 67% , s 4121
5.96% , WA PR TTIRR N 17. 52% AP EF4E 5 38. 04% , X AE PR BTk %N 15.98% , B 5 1.34% , %4
FEETTHREN 2. 81% , 22K 33 0 11.21% W AE =S 5T iR R 14, 13% , 6E#E 5 2. 31% 0 = oiikoR
2.91% .
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3 g

3.1 A AHEE

BEF Wi SR AR AT 3k o B RSN 0 1 B 2 A A O
AT et B AAERE 1 AR 58 10 3 AR, Z0BERE 1 4F
SER 2 AR, 33X 55 A G SRR T8 114 07 i A IV AT s DX
— BN 1A 13 A EARAY S SRR — 8O
SEIE R £1 BE F R AE P/B R AT 0 23,6918, 12
8.78, ZHAHLLEL, JAAEA: 5 F1 P/B Z U 07 1
REERRIRZ  LLBERE IR/ — 5 T2 B A/
AR AR R 10—15 mm, 1 4ESE 3 ML, A
AR PR K, SRR L K, AR K AE 10 mm D
b LB ARKAE 15 mm DL B AR K SRR
1A 2 M, ARYEA CHGE KA R R P/B R EUE
WEAMER RN R R I R ST A5 5%/ Fig. 13 The percentage of foregut content and production
WA AXT TN 9[‘5)}%,";@{1\25 AR & attributable to various food types for E. rufamaculata in
(%% 5) [10, 17-21] i Shenglihe Stream

AP RN AS T T, i W R A AR K A ZR AR R
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FIXH A 5 B BTRR R 50 0 40% Zedy o R, SR 178 JOIE 2 I O P /) S SRl e My Be U, (e oE
ASTETE BT FE R, N AT e A O 32 B B D af DL g A AL 2 2628, L RIE AR DL 109% 3155, 1 R iF 5
KB AT B A 42% B4 A A AR S, DI EET T T IO A A B R AL R A R p b
L5 Py 27% M BORETCIE AT X A R A TR i S AH G

R5 BEHRNEFTE (g TH/m®) 1 P/B RELLE
Table 5 A comparison of Secondary production and P/B ratio of Ephemeroptera

JRIARAE

Annual production
Leptophlebia sp. 7.303 11.4 WAL BT R [17]
Ephemera sp. 14.598 11.8 WAL BT vk [17]
INEEUE—Fh Choroterpes sp. 88.28 14.31 WAL ZR [18]
Jit BE—Fh Electrogena sp. 86.98 17.56 AL R & [18]
PYH5iE—Fh Cloeon sp. 149.44 15.03 AL R R [18]
YliF—Fh Caenis sp. 8.10 7.16 WALHRKIZ [18]
Caenis sp. 5. 064 6.4 kAl o] [19]
Choroterpes sp. 9.696 7.1 WAL [19]
Indobaetis sp. 52.812 17.0 WAL [19]
Caenis luctuosa 6.35 15.98 Mediterranean [10]
Afronurus sp. 2.406 34.7 Shing Mun [20]
Cinygmina sp. 1.198 33 Shing Mun [20]
Baetiella 0.143 95.4 Shing Mun [20]
C. amica 0. 445 13.0 A experimental stream [20]
H. limbata 4.688 4.09 A blackwater creek [20]
H. limbata 0.199 9.6 Rock Springs Run [20]
E. orientalis 0.05 6.35 Gapyeong [21]
Ephemera sp. 0.318 3.84 T 3 PR 56 1) [21]
Jii $F—Fft Electrogena sp. 40.03 23.69 WAL A AHFFE
ZEWE—Fh Isonychia sp. 16.41 18.12 WAL R ENTIE
LB E. rufamaculata 2.46 8.78 T Jiek g N

3 P SR IR AT A R D e B R R SRR B 25 AR LR R 25 R LB R B UR T
BRI R TUE B MRREK ; b —Fh— A 36 2R T K OGS, anf B RK AR Al v, ek e 3
FEYEE K AL /INBURE ; i B — A A ISR TE ORISR TR R T A S b AR P B 2 LU A
P A ENY X 3 FRbiiAE AT R AR AR TR ST E IS R 20 . 3 Rl 5 H AR
EAH L, G5 A2, TOIEAREIE I F B R A AR A b A B A9, BB i v R 2200R 356 25 L 1] 3%
BUD A AR IE E A BOK LB R B E R Aok B R R B REIR A R b s A A A
WILF Y Fn22 R (£ 6) 22,

X} o5 5 At 1 R T R AT R PR IR R A AR S R G R T RE R/ NI B A, R A SRS
YA EERE TR, BRSNS R SO E, HNERNERE, & TREE S48
FRILAM S LSS T TAEATR SR 3855, X oo™ o il 29 3% K AR A P R 22 A e Ak 2= R, g 24 5 [k
AR,
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