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Population dynamics and production of Bellamya aeruginosa ( Reeve) ( Mollusca .

Viviparidae) in artificial lake for transgenic fish, Wuhan
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1 Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China

2 Graduate School of Chinese Academy of Sciences, Beijing 100049, China

3 Hubei Environmental Monitoring Central Station, Wuhan 430072, China

Abstract; Bellamya aeruginosa (Reeve) is the predominant macrozoobenthic species and main food source in an artificial
lake used for rearing transgenic common carp ( Cyprinus carpio L. ) with the *all-fish’ growth hormone gene constructs.
Knowledge of the life history and production of B. aeruginosa are critical in assessing the predation pressure by transgenic
common carp. Between February 2008 and January 2009, the population dynamics and production of B. aeruginosa were
studied at monthly intervals at seven stations in the artificial lake situated in Hubei Province, China. The instantaneous
growth rate method was applied to determine the production and P/B ratio of B. aeruginosa. Production over the period
2005—2008 was then compared from the calculated P/B ratios. Finally, the important environmental factors influencing
production patterns were established via multiple regression analyses.

During 2008—2009, annual average density and biomass ( wet weight) were 28. 96 ind./m” and 17. 33 g¢/m’,
respectively B. aeruginosa recruitment occurred mainly between April and July. A major peak in standing crops was
observed in April (34.29 ind./m’ and 54.51 g/m”) , with a minor peak in December (25.1 ind./m’ and 36.18 g/m”).

Based on the peaks in population density and seasonal variations in size distribution of shell-length, the B. aeruginosa
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population was composed of four cohorts. Growth of the 2005 cohort had nearly ceased, while individuals of the 2008 cohort
grew rapidly, with an instantaneous growth rate of 2. 34. The 2008 , 2007 and 2006 cohorts accounted for 20.2, 52.7 and
25.8% of total density, respectively.

Regressions between shell-length and wet weight ( Ww) was lg Ww=2.8791xlgSL-3.4227 (n=96, P<0.001). To
reduce the error, the growth curves of each cohort ( P<0.05) were also fitted. Using the instantaneous growth rate method,
the annual production of B. aeruginosa was calculated at 12.72 g+m™+a™' (wet weight) or 0. 74 g-m™+a™' (dry weight
without shell) , with a P/B ratio of 0.42. Annual production ( wet weight) for the 2008, 2007 and 2006 cohorts were 6.40
(P/B ratio=2.33), 1.99 (0.13) and 4.33 (0.37) g-m™a™", respectively. Annual production of the 2008 cohort was
ignored because it was only composed of a few aging individuals.

Usingthe P/B ratios, annual production ( dry weight without shell ) for the 4-year period (2005—2009 ) was
calculated as 2.24,2.49, 1.50 and 0.74 g-m™a™" | respectively, showing a significant steady reduction ( F=4.497, P=
0.013). Pearson correlation analysis indicated that water transparency (SD) , total nitrogen (TN) , nitrate nitrogen ( NO;-
N) were positively correlated with production (dry weight without shell) (P < 0.001) and stepwise regression analysis
showed that TN was the key factor influencing production ( F=7.632, P=0.009).

Water trophic levels and predation pressure by transgenic common carp appear to be responsible for the fluctuations in
annual production of B. aeruginosa in this artificial lake. High-level of nutrients may significantly increase B. aeruginosa
production, while selective feeding by transgenic common carp had the opposite effect. However, whether production in the

artificial lake will continue to decrease with the growth of transgenic common carp requires further research.

Key Words: Bellamya aeruginosa (Reeve) ; production; instantaneous growth rate method; P/B ratio; artificial Lake for

transgenic fish
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Fig. 2 Monthly variations of density and biomass of B. B3 HEEGREEESTISENEKisS

aeruginosa in artificial lake Fig. 3 Growth curve of B. aeruginosa in artificial lake
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ST HBRE AR A T IR IR K, SRR T AR A B, A — R AR 22, 0 T /iR 22 Xt
2008 ,2007 2006 4F-2H R FH R , RIEE A AR P4 0/ N2 R E A K th 4 U6 o B AR 31, 3 ME4 A
INIHESR/SE w5 il R

2006 4E4H  InL=2.9892+0.0382xInT (r=0.6555,P<0.05) ;

2007 4E4H  InL=2.8823+0.0177xInT (r=0.6209,P<0.05) ;

2008 4E4H  InL=0.5120+0.9302xInT (r=0.8762,P<0.05) ; (L:5¢K ,mm;T: J4)

M 1—3& 3 A H1,2008 2007 2006 4F-#341 P/B %0510 2.33 0. 13 .,0. 37 ; J4FEAE 7= &8 53 510 6. 40
1.99 4.33 gem™a™", 2008 42 F £ 2009 4F 1 F [0 170 o4 5 PR SRR E 0 S AR AR ;2 el 12,7 gom 7 a”!
(el ), 2 TEN0.74 g-m™a™ ,P/B ZECH 0. 42, MXHZAFA = 2 1 5Tk E ,2008 A2, N
50.3% ;2007 4E4H 1 15.7% ;2006 4E4H K 34.0% . 2005 AELHAUAFAS NG BAMA A 7= 5 2 AT,

®1 BREESRKREWAFSHEE 2008 FRANBEELESE

Table 1 Annual production of 2008 year class of B. aeruginosa in artificial lake

2008 2009

A1 Month
6 7 8 9 10 11 12 1

SEMFEK: Actual shell-length/mm 7.3 6.8 12.9 12.7 14.7 14.5 14.3 15.1
AEI5E K Estimated shell-length/ mm 7.5 8.8 10.2 11.5 12.9 14.2 15.5 16.8
W FENLE Wet weight with shell/g 0.1 0.2 0.3 0.4 0.6 0.8 1.0 1.3
3442 7 Mean standing stock/ (g/m?) 1.0 2.5 2.7 1.6 2.3 5.4 5.0 1.1
Bt 412 % Instantaneous growth rate 0.49 0.41 0.36 0.32 0.28 0.26 0.23 0.21
7= Production/ ( g/hm? ) 0.47 1.02 0.98 0.52 0.66 1.37 1.16 0.24
JE AR A P AT 6.40
Total production/( g-m™a™") ’
P/B %4 P/B ratio 2.33

®2 HEFRGRKEMEAASHEE 2007 FANRAFEETE

Table 2 Annual production of 2007 year class of B. aeruginosa

2008 2009
A 1/} Month
2 3 4 5 6 7 8 9 10 11 12 1
S K
R, mn 17.7 184 18,1 18.0 183 I8.8 18,9  19.0 I8.1  18.4  18.7 18.5
Actual shell-length
\‘ﬂl’if, ..
’fﬁ{%]mjﬁi/mm 17.9 18.1 18.2 18.3 18.4 18.4 18.5 18.5 18.6 18.6 18.6 18.7
Estimated shell-length
W/ g
1.5 1.6 1.6 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7 1.7
Wet weight with shell
7 A =
:Fi,JéE%EE/g 13.4 15.9 23.1 18.3 16.9 15.6 8.2 6.2 7.8 13.6 23.8 14.1
Mean standing stock
5 [ K 2
BRI 0.04 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00
Instantaneous growth rate
e L 2
7R (/) 0.47  0.33 0.3 021 0.16 0.12 0.06 0.04 0.04 007 0.1l 0.06
Production
JAAE R R/ (gem™>a!) 199
Total production '
P/B % %% P/B ratio 0.13

2.4 RIS R PR IR ) A P S IR N T AR DR S R

A SRS P/B ZBONTRE L, XHR I 9 2005 2] 2009 4F4E: 4a )67 45 FR R IR A4 7= (58 T
B AT TAGSE R 4 RT 0L R P A T e AR S B B R R S #2005 ,2006 AFEE R, 4300 R 2. 24 Fi
2.49 g-m>a™", )\ 2007 JFEAREMR(1.50 g-m™a™") ,2008 A/ (0. 74 g-m>a™") AU B {E (2006 4E) 1Y
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29.7% , MR ZE T Z5T 7R, 2008 FE4 45 PR R AR r= 5 I K T4 2005 ,2006 4 ( F=4.497,P=0.013)

*3 HEFRGKEHAREREE 2000 FENEAFEFE
Table 3 Annual production of 2006 year class of B. aeruginosa
2008 2009

H 1y Month

S FE R/ mm

Actual Shell-length
fEIFE I/ mm
Estimated shell-length

19.6 20.3 20.8 22.0 21.0 20.5 22.9 20.6 22.4 21.7 21.4

19.9 20.4 20.7 21.0 21.3 21.4 21.5 21.6 21.7 21.8 21.9

2
AR L/ 2.0 2.2 2.3 2.4 2.5 2.5 2.6 2.6 2.6 2.7 2.7
Wet weight with shell
:Fﬂjéli%ﬁ/g 7.6 20.5 27.1 28.2 4.7 14.9 17.7 8.1 5.5 5.0 2.5
Mean standing stock

K %R
WIS 1 ¢ 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Instantaneous growth rate

o E=A 2
ifﬁ%/(g/m) 0.6 0.9 1.5 0.6 0.1 0.2 0.2 0.1 0.1 0.1 0.0
Production

o4 b L L2, -1
‘u,\q?}"‘g;/(g ma’l) 433
Total production
P/B Z%% P/B ratio 0.37

XF 2007 4F 1 H 22009 4F 1 H PAE )56 W1 VA 8 5 R Ik A= = (e T ) S s b 17
Pearson AT (6 4) , BA AHIREE E RIS B B 5 R UL = A e K (HAH S R B B AN =, 208
A 1A 43 BT 5 s RO i A5 PR MR A IR A - e B B (F=7. 632, P=0.009) , (HfFERMAR (% 5) .

F4 AERRBRREFN(ERTE) SREEFHBEXSH

Table 4 Correlation coefficients between the production ( dry weight without shell) and corresponding environmental variables

3
7/°C P DO SD Cond. TN NH;-N NO3-N TP
HHK R B
Pearson -0.205 -0.075 0.230 0.418 ** -0.052 0.437* -0.158 0.397** -0. 160
correlation
2 0.116 0.331 0.088 0.006 0.383 0.004 0.179 0.008 0.176

* o FRM B EHIE P < 0.01,significant level at P < 0.01

®5 ZBEHEASTBRTHEEREKEHRRSHAEBERRETEB (L7 TEH) WRERE
Table 5 Stepwise multiple regression analyses determining the environmental variables affecting the production (dry weight without shell) of

artificial lake

I Model ZEB R? F P
WA 0.568
TN 14. 473 0.159 7.632 0.009
3 itig

A7 TR SE A A S G A= 7 T 1y S AR 7 R A Er gy I L SR A 7 A G R AR
Ji K o SRS IR G A 7 B I T TR AR A S5 DR S A 25 B3 v FEDAR A 4 4 R D) BE B2 Wil ) 2Ll
M 5 S A R S PR R T AR OGO AR AT RERS L HE A 48 7 A= W 09 A 7 S AR B PEAN SRS BOIR , D B 2 ()
S XS PP SR R AR . FAT, B PN S T B PR IR M AR 252 TS B . B 5 MR 2 8 4
EZFE I A% 5 W RZR I 4 A AERSAL T 2R R AR B S I IR 5 MR ALY L ARBESY
ISR T AR B PR MR A RS A8 5 15 B AR R A AL, B3 4 AR, (HA AR IR 4L A K
A —E M2, XS ARBHALE RPFR A EHEER
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Waters TA A= i J& 141 B9 IS 3l ( an 144 )
W) H P/B ZHOTIEZE 0.1 — 0.2, FEZESHGE R
HAER I IE P/B 20K 0. 64, 12 25 418 e I 25 W 14
i FELIE T 5 AR IR Y /B R BLAY RI 0.5
0. 81 X SR WIH MBI IR P/B R0 0. 42 W
FEI, Uh WY (] — b XA ] — ot 288 %) 2 0 Sl R AR A

KA RGN E IR KRR G 7= A B EAE
FAER I R A B b MR A A R e (iR R
12.72 gem™a™") &b FAHXT AR K, Az 7= g /N T
i FEIE RS (205 15.77 F133.13 g-ma™") ,iE/)
TRMAIIE (91.56 g-m™a™") . HFEEIE LKA 4 BERGRRHASTEEEETEESR
%@ Fﬁ JZ‘% El/‘] jT:l/t\, % ﬁ*ﬂ lfﬁ E :@ IEIL: 77% éﬁ%ﬁ%m *Jr %[S Fig4 Annual production of B. aeruginosa in artificial lake
SEARMTE AT, REENANK TR /N, E—1T]H
RS ESWAES RS, 20848 IHHTE R TN S22 RIS PRk A 7= 5 0 BN & m iE
FRIK 2 MR TE T R G P K | X5 oA BRI AT 4 R — 0

F 20 (il 1 R 2 P R S RIS IR E = E BRI R 2 — 1 2005 4F 8 RS MATAH0 T
JEATG B P R 5 2 LR | 5/ i o) A i PRI L7 T PN 0 4 1) i i 0L 75 A e MR e e PR BB R o) R B
B EZEY 1 R SR 0 - B A SR 3 L I R I R R R SRS AR, . HEIN 2006 4T
T LU 1 A e DR R GT R MRS B X B P MR 1 R TR/ R LR PR MR A T R WA T
1T it o5 7 35 R SRR 0T R P A P40 5 P IR (R B8 B R 7 38 O, DR SRS 3 ATy, A A5 P M A 7 i S
ST RS, WS IR AR P S A AR T PR BT i~ 0 75 A A A0 W
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