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Abstract Cabomba caroliniana  common names Cabomba Fanwort is a submerged plant from the USA
and South America that was introduced into China in the 1980s as an aquarium plant for its beautiful and finely
dissected submerged foliage. Cabomba is now distributed widely throughout the Changjiang River Delta in East
China and has become a dominant species in many submerged plant communities in this region. In order to
better understand the ecology of Cabomba we investigated 19 communities dominated by Cabomba and mea-
sured the species composition habitat characteristics and water quality parameters during the summers of
2001 and 2002.

Our results showed that Cabomba was an aggressive invader of slow flowing small to middle-sized rivers
and lakes with silt substrates particularly in waters that were nutrient rich. The average water quality charac-
teristics of these ecosystems were transparency = 0.60 m—1.45 m pH value = 6.19-7.51 total nitro-
gen = 0.14-3.27 mg L' total phosphorus = 0.044 -0.838 mg L™' COD¢, = 1.96-8.15mg L~!
DO = 1.23-7.32 mg L™'. These habitat characteristics are similar to those measured in its habitat in the
USA and Australia. Suitable water depth was 0.4 — 1.2 m and varied among the study sites. Cabomba was the
dominant or co-dominant species in most communities investigated and its dominance was strongly negatively
correlated with the total number of species in the community. It is highly probable that the species diversity de-
creased after invasion by Cabomba. The biomass of Cabomba had a significant positive correlation with water
transparency and its biomass and dominance had a strong negative relationship with dissolved oxygen in the
water. This indicated that Cabomba preferred high light conditions like most other submerged plants but can
tolerate lower dissolved oxygen concentrations. Most similarity coefficients as put forward by Spatz were 15% —
40% for the 19 communities and were related to the number and composition ratio of the various species. The
main co-dominant plants of the communities were Ceratophyllum demersum  Hydrilla verticillata ~ Vallisneria
natans  Potamogeton crispus and Myriophyllum spicatum were somewhat common as well. It was noteworthy
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that these species are dominant in many submerged plant communities in the subtropics of China. The domi-
nance of Cabomba was negatively correlated with H. werticillata and V. natans. This indicates that the inva-
sion of Cabomba influenced the existence of the two species.

In conclusion Cabomba invaded the Changjiang River Delta a relatively developed region in P. R. Chi-
na by escaping from aquaria. It quickly became widespread because of its comparatively better adaptability to
these habitats and its stronger ability to spread vegetatively than many native submerged plants. The preferred
habitat of Cabomba was slow flowing subtropical waters with high to moderate nutrient levels. The waters
Cabomba inhabited were mostly polluted from industrial agricultural and domestic sewage runoff. Cabomba
most easily invaded communities dominated by Ceratophyllum demersum  Hydrilla verticillata and Vallisneria
natans thus these three species can be regarded as indicators of easily invasible communities. The invasion
of Cabomba requires more basic research in order to establish effective measures to control the spread of this
species in China.

Key words Cabomba caroliniana  Biological invasion Submerged plant communities Habitat Water qual-
ity Coexisting species

21 1999 2003

1999 Mack et al. 2000
2001 Guo 2002 20° ~
35°S 27°~47° N

i 2001
2002 2002
Mack et al. 2000 Shea & Chesson 2002
2003 1
Cabomba caroliniana Gray =~ Cabomba 10
Fanwort Han- 83 300
lon 1990 @rgaard 1991 Madsen 1994
Mackey &
Swarbrick 1997
3m
19
2003 19
1992 4 3 3 4
Macdonald 1995 6 3
Mackey & 1
Swarbrick 1997
1993 2
2.1

2000 2001 19



233

\ Zhejiang Pkovince ‘

1
Fig.1 The allocation of plots for research on the communities
invaded by Cabomba caroliniana
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1
Table 1  The submerged plant community types and habitat condition of the plots
TN TP
No. of Community type Flowing  Tranparency pH _ 4 CODc, DO
. . Water area type mg L mg L ) 1
plots Dominant species rate m mg L mg L
1 Ce SR Very slow 0.65 6.81 2.32 0.261 5.85 3.14
2 Ce SR Slow 1.45 6.71 1.69 0.131 3.06 1.41
3 Ce MR Very slow 1.28 7.51 1.59 0.083 7.21 4.12
4 Co-Cd SR Very slow 0.93 7.19 1.28 0.079 5.25 4.04
5 Hv-Co-Cd SR Very slow 1.22 7.14 0.14 0.838 2.79 1.23
6 Ce SR Very slow 0.75 7.36 2.83 0.309 8.15 3.81
7 Co-Hv-Vn MR Slow 0.79 7.27 0.87 0.079 4.75 5.27
Co-Vin SR Slow 0.78 7.36 1.07 0.119 7.44 3.91
9 Co-Cd L Stillness 0.58 7.21 3.27 0.253 7.08 2.48
10 Ce SR Very slow 1.18 7.32 2.21 0.083 6.05 3.12
11 Vin-Ce SR Very slow 1.05 6.78 0.61 0.050 4.78 4.80
12 Co-Cd SR Very slow 1.03 6.19 0.93 0.044 4.78 3.01
13 Vin-Co-Cd SR Slow 0.75 6.83 0.98 0.044 4.62 7.32
14 Vi SL Slow 1.20 7.20 1.63 0.280 4.12 5.71
15 Co-Cd SR Very slow 0.65 7.10 2.22 0.101 3.88 5.88
16 Co-Cd SR Very slow 1.20 7.20 1.04 0.080 1.96 3.54
17 Ce SR Slow 1.10 7.22 0.85 0.090 3.40 3.67
18 Ce SR Very slow 1.30 7.30 1.31 0.119 2.40 1.37
19 Ce MR Slow 1.11 7.50 1.32 0.110 3.14 3.67
* Ce Cabomba caroliniana  Cd Ceratophyllum demersum — Hv Hydrilla verticillata  Vn Vallisneria natans SR Small river
LR Large river MR Middle river. L. Lake 1~19 1 See Fig.1
Pearson -0.532 p<0.05
3.3
2 19 Spatz
25.38 SD= =+
1 13.78 Spatz 15% ~ 40%
2m 6
10 Spatz 61.37%
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Fig.2 The important value of species in the submerged plant communities of the plots
1. Cabomba caroliniana 2. Ceratophyllum demersum 3. Hydrilla verticillata 4. Vallisneria natans 5. V.
denseserrulata 6. Potamogeton crispus 7. Myriophyllum spicatum 8. Utricularia aurea 9. Chara 10. Hy-
grophila sp. 11. Najas minor  12. P. malaianus 13. Ottelia alismoides 14 N. oguraensis 15. N.
marina  16. N. ancistrocarpa
2 % Spatz
Table 2 The similarity coefficient of the communities put forward by Spatz %
Plot 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1
2 19.09
3 8.90 20.33
4 7.03 45.81 29.80
5 5.01 8.76 28.74 28.22
6 11.36 47.83 39.62 50.89 21.54
7 4.32 20.80 31.75 40.11 30.26 2.92
8 5.02 18.61 27.06 26.22 13.33 39.23 34.01
9 9.02 32.07 55.18 49.49 41.15 46.87 39.16 33.13
10 9.99 41.59 35.03 43.04 18.47 61.37 37.29 30.24 42.66
11 2.10 18.05 9.65 24.94 6.99 19.59 14.09 17.88 10.23 18.18
12 8.67 37.88 41.70 43.19 25.16 51.47 30.53 39.55 54.09 51.19 11.54
13 0.91 7.53 12.85 10.99 7.57 16.20 12.22 21.52 8.33 14.84 28.97 15.09
14 1.47 18.34 15.07 15.37 10.52 25.48 20.45 39.53 20.40 22.66 16.92 36.02 14.7
15 12.19 19.69 37.79 30.10 36.93 36.64 21.28 20.47 44.01 33.43 6.71 40.45 9.38 12.7
16 6.41 25.64 30.48 45.26 15.83 28.94 22.88 13.98 25.84 25.43 11.37 27.07 9.09 7.86 34.60
17 14.28 33.52 26.78 29.70 13.34 43.67 26.36 20.57 33.84 43.67 6.64 35.19 10.70 8.49 38.60 30.10
18 12.25 29.03 30.03 34.19 16.67 37.06 21.18 17.50 23.43 34.84 5.97 42.96 6.47 7.10 27.40 21.70 45.02
19 7.41 31.16 24.36 42.62 12.49 48.23 38.50 22.40 28.08 43.95 14.78 34.43 14.40 14.90 39.70 43.20 45.09 25.57
Spatz ISs,= > M,/M, / a+b+c x M,/ M,+ M,+ M, a b 1 c 2
M, M, M, M,
M, The similarity coefficient put forward by Spatz was calculated as  ISg, = > M,/ M,/ a+b+c x M,/
M,+ My+ M,  a was numbers of species appeared in both plots b was species only appeared in one plot ¢ was species only appeared in another plot M,

was the smaller important value of species appeared in both plots M, was the bigger important value of species appeared in both plots M, was the sum of impor-
tant value of species appeared in both plots M, was the sum of important value of species only appeared in one plot M, M, was the sum of important value of

species only appeared in another plot 1~ 19 1 See Fig. 1
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Fig.3  Distribution of frequency and biomass of Cabomba caroliniana in different depth of water in the various plots
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3
Table 3 Percentage of co-appearance between Cabomba caroliniana and other aquatic plants in the communities

Species PC % Species PC %
C. demersum 97.74 P. malaianus 15.79
V. natans 84.21 N. minor 15.79
H. verticillata 84.21 0. alismoides 10.53
P. crispus 26.32 H. sp. 5.26
M. spicatum 21.05 N. oguraensis 5.26
Chara 21.05 N. marina 5.26
U. aurea 21.05 N. ancistrocarpa 5.26

V. denseserrulata 15.79

PC=a/ a+b+c a b ¢ PC  Percentage of co-oc-

currence = a/ a+ b+ ¢ a was No. of plots including both two species b was no. of plots only including one species ¢ was no. of plots only including an-

other species

4 Pearson
Table 4 Pearson correlation between Cabomba caroliniana and several coexisting aquatic plants based on their important value and biomass
Important value IV % Biomass B g m~2
Species 1 2 3 4 1 2 3 4
v 1
2 -0.172
3 -0.478" 0.361
4 -0.639™ -0.528" -0.126
B 1 0.522" -0.126 -0.221 -0.340
2 -0.312 0.654™ 0.717" -0.373 0.000
3 -0.35%9 0.339 0.884™ -0.213 -0.093 0.867™
4 -0.598"" -0.545" -0.179 0.894™ -0.209 -0.320 -0.191
2 The means of No. of species is the same as Fig.2 * p<0.05 ** p<0.0l

Mackey & Swarbrick 1997 Keith Turnbull Research
Institute  Frankston 1999

Utricularia Mackey & Swarbrick
4.1 1997
20 80
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