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Abstract  Surveys of macro-invertebrates in mainstream of the Changjiang River were carried out for four times in 1989—
1997. Altogether 2 polychaetes, 35 oligochaetes, 50 insects, 26 molluscans and 10 miscellaneous animals were recorded.
The distribution of many taxa are not obviously regional except that of the polychaetes which are limited in lower river. On
the basis of species, functional feeding groups were determined, showing that 8 species (6.5% of the total) are shred-
ders, 58 (47.1%) are collectors, 38 (30.9% ) are grazers and 19 (15.5% ) are predators. The mean densities of mac-
roinvertebrates in upper, middle and lower reaches were 6487.5, 2737.5 and 1181.3 ind*m"2 » respectively. The oli-
gochaetes were the dominant group in entire river. Regarding the biomass (wet weight) , the greatest amount was found in
middle reaches, up to 29.986 grm™?. Biomass in other reaches were lower, being 2.868 g*m~? in upper reaches and
11.643 g*m~? in lower reaches. The relationships between macroinvertebrates and main environmental factors were ana-
lyzed, showing that the species richness of macroinvertebrates were significantly correlated with certain factors such as cur-
rent velocity, water temperature and transparency. Especially, a very significant correlation was found between macroinve-

nebrates and water depth during higher water period of the river.
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1 Introduction

Being the largest river in China and the third in the world, the Changjiang River originates in the
middle part of the Tanggula Shan and flows through eight provinces, two municipality and one autonomous
region. It has a total length of more than 6300 km, and a catchment area of 1808500 km? . Geographical-
ly, the river can be divided into three reaches: Chongging down to Yichang of Hubei Province is the upper
reaches; from Yichang down to Hukou of Jiangxi Province is the middle reaches and from Hukou to the
mouth of the river is the lower reaches.

Macroinvertebrates, the invertebrates that do not pass through a net with mesh size of 500 pm (Hig-
gins, 1988), form an important part of detritus decomposers of the river ecosystem (McQueen et af . ,
1986) and contribute to food resources for fish (Keast, 1985) . They have also been used for biomonitoring
(e.g. Chessman, 1995; Parsons & Norris, 1996) and assessing ecological conditions of rivers (e. g.
Smith et al., 1999; Richard et al., 1999) . However, owing to the difficulties of taking benthic samples
from a large river, the macroinvertebrates in the Changjing River were paid less attention than those in
lakes and other lentic waters. As a result, The macroinvertebrates in the mainstream of the river were still

poorly known (Liang, 1987; Liang e al., 1985; Wu & Chen, 1986; Chen & Wu, 1983).
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Aiming at an evaluation of the potential effect of the Three Gorges Hydro-electric Project on the river
system, four surveys of macroinvertebrates in mainstream of the Changjiang River were carried out in

1989—1997. The results hitherto obtained are given in this present report.
2 Study area

Three major geographical reaches with a total length of 1960 km (Fig.1, 2) of the mainstream of the
river were studied. From Chongqing to Yichang (900 km in distance) represents the upper reaches with a
narrow valley and a rocky channel of high gradient ratio; the current is torrential, and erosion prevails in
this section. From Yichang to Hukou, ca. 660 km away, is the middle reaches. Here the river broadens
out and takes a meandering course, accompanied by the development of sandbars. Here also, as a result of
deposition in geological ages, the vast alluvial plain of the Changjiang River was formed. On the plain,
many shallow lakes interlace with the network of the water system and present the characteristic landscope
of a “waler country” . Dongting Lake, Poyang Lake and Chao Lake are among the largest lakes of this ar-
ea. From Hukou down to Nanjing belongs to lower reaches, with a length of about 400 km and an elevation
of not more than 10 m above sea level (Liu, 1984).
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Fig.1 Sampling sites of macroinvertebrates in upper reaches of the Changjiang River
3 Materials and methods

Samplings of macroinvertebrates in mainstream of the Changjiang River were made for four times in
March-April, 1989, October, 1996, June and October, 1997. Altogether 30 sampling sites were set up
along the river (Fig.1, 2). Qualitative and quantitative samples were taken with a weighed, modified Pe-
tersen grab (1/16 m’® in area), and sieved with a copper sieve (mesh size 162 um). Benthic specimens

were picked up through naked eyes and preserved in 109 formalin. The standing crops and relevant data
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of experiment were calculated by means of routine way. All statistical analyses were performed on a person-

al computer with the Statistica program by Statsoft Inc (1995).
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Fig.2 Sampling sites of macroinvertebrates in mid-lower reaches of the Changjiang River

4 Results and discussions

4.1 Physico-chemical conditions

Tab. 1 shows the major physico-chemical parameters measured in October, 1997. Tt reveals that water

Tab.1 Physico-chemical properties in mainstream of the Changjiang River

vel wT 8D COND  COD  POP~ TP ™ NOr  NG§T
(mise) () Cemd PR (usem) (mgl) (mgl) (mgl) (mgl) (mgl) (mg/L)
Chongging 0.5 18.8 8.0 8.82 282 2.034  0.032 0.053 0.451 0.036 0.575
Fulin 1.0 18.8 7.0-8.0 8.56 300 2.577 0.039 0.023 0.287 0.02t 0.623
Fenglu 2.0 18.5 7.0-8.0 8.55 370 2.306  0.006 0.053 (.38 0.015 0.561
Wanxian >2.0 18.5 9.0 8.46 321 2.848 0.02 0.031 0.519 0.017 0.420
Yunyang 2.0 19.0 9.0 8.79 318 1.8 0.026 0.058 0.837 0.014 0.842
Fengjie >2.0  19.0 9.0 8.78 120 1.854 0.030 O.114 0.530 0.021 0.780
Wushan >2.0 18.8 100 8.8 350  1.854 0.041 0,05 0.87% 0.017 0.856

Sites

Maoping 1.5 18.5 8.0 8.71 310 1.854 0.033 0.6 0.826 0012 0.753
Yichang 2.0 9.0 12.0 8.71 305 1.763  0.051 0.062 0.678 0.020 0.660
Shashi >1.5 18.5 10.0 8.78 350 1.944 0,036 0.055 0.725 0.019 072
Yueyang 0.3 22.0 35.0 8.54 221 2,215 0.030 0.073 0.807 0.044 0.684
Wuhan 18.5 8.57 270 3.165 0.030 0.123 0.761 0.016 0.724

Hukou 0.2 21.0 8.0 6.5 200 0.020 0.095 1.040 0.012 0.561
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current velocity (Vel), conductivity (COND) in upper reaches were higher than mid-lower reaches, but
the water temperature (WT), transparency (SD), chemical oxygen demand (COD), total phosphorus
contents {TP) and total nitrogen contents (TN) increased along the river downwards. The lowest pH value
occurred in Hukou may have been related to the acid soil. The highest TN in Hukou and TP in both Hukou
and Wuhan seemed to be affected by organic pollution.
4.2 Species composition

Altogether 56 families, 112 genera and 123 species (Tab. 2), viz. 2 polychaetes, 35 oligochaetes,
50 insects, 26 molluscans and 10 niscellaneous animals were identified. The dominant forms throughout
the river were oligochaetes and insects that comprised 71.7% of taxa collected. Molluscans were also fre-

quent, especially in lower reaches, up o 20% of total taxa.

Tab.2 Species of macroinvertebrates ocourring in the mainstream of the Changjiang River

Upper reaches Middle reaches Lower reaches

Polychaeta

Nephthys sinensts +

N. polybranchia +
Oligochaeta

Chatogaster diastrophus

Paranais frici + + +

Negs variahilis +

N. sp. +

N. inflata + + +

N. pardalis + +

N. bretscheri

Areteonais lomondi +

Allonais sp. +

Slavine appendiculata +

Dero digitata + +

D. dorsalis +

Aulophorus furcatus + + +

Stephensoniana trivandrana +

Pristinella oshorni +

Tubifex tubifex + +

T. sp. + + +

Spirosperma nikolskyi +

Bothrionewrum, vejdovskyanum

Limnodrilus hoffimeisteri + + +

L. claparedeianus +

L. grandisetosus + +

L. udekemianus +

L. sp. + +

L. sidvani +

Teneridrilus mastriax + +

Isochaeta sp +

Aulodrilus pigueti + +

A. pluriseta + +

Rhaycodnlus sinicus +

R. nabuschinska +

R. sp. +

Monopylephorus limosus + +

Telmatodrilus sp. +

Branchiura sowerbyi + + +

Marionina sp. +

Tnsecta
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Upper reaches Middle reaches Lower reaches

Clinotonypus sp. + 5 +
Procladius choreus + ¥
P. sp. + n
Pelopia sp. +
P. punctipennis

Cricotopus exilis

FEudaefferiella sp.

E. sylvestris

Tamytarsus sp.-

Pentaneura morlis

P. sp.

P. flavifron

Rheotanytarsus sp. +
Micropsecira sp. +
Endochironomus nifricans n
E. ep. + +
Polypedilum scalaenum

P. leucopus

P. brevintennatiun

P. sp. + "
Giypotendipes sp. .

C. fuscimanus +
C. anomalus

C. conjugens +
Gryptochironomus sp. + + +
Miecrochironomus sp. +

Stictotendipes lavingula +
Hamischia anomalus +
Chironomus sp.
Orthocladius sp.
Pupae

Eedvunidae

+ o+ F o+ o+ o+ o+

+ o+ o+

Cuenidae
Ephemerillidae
Gomphidae
Pytiscidae
Gomphus sp. ¥

Ephemera midgata ¥ +
Caerds macrure

Cetatopogonidae + +
Psychididae +

Colopreryx atrata

Osmylus sp.

Orthotrichia tetensii

Polycentropus sp.

Hydropsyche sp.

B A

+ +

Ernomus tenellus +

+ o+ + + o+t

Leptocerus sp.

Phryganea sp.

Limnophilus sp.

Nerreclipsis sp.

Coleoptera ¥
Helodes sp. + +
Setodes sp. +

Mollusca
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( Cotinued )
Upper reaches Middie reaches Lower reaches
Cipangopaluding sp. +
Bellamya. angularis +
B. aeruginosa +
B. sp. +
Alocinma longicornis +
Parafossarulus striatulus +
Melanoides mbereulata +
Semisuleospira cancellata + +
S. mandarina + +
S. pleuroceroides +
S. Liberting +
5. sp. + +
Taretia gianitera +
Melania sp., +
Rudix perger
Radizx lagotis +
Galba truncatua +
Gyrandus compressus +
G. albus + 4
Stenothyra glabra + +
anodonza woodiana +
Fanceolaria grayana
limnoperne. lucustris + + +
Novaculina chinensis +
Corbicula fluminea + +
C. leana + +
Corbicula largillierti +
Miscellaneous animals
Nemutoda + ¥
Amphipoda + + +
Isopoda +
Ostracoda +
Glossiphonia sp. +
Hirudinea + +
Hydrocarina +
Paluemonaies sp. +
Grapsoid crab +
Aquatic spiders +

Although many taxa are rather common in Chinese freshwaters and distributed without signifi-
cant demarcation in the river, there are some aspects worthy of being mentioned. First, the occur-
rence of some oligochaetes is remarkable. In addition to the rheophilous naidid, Nais inflata Liang,
which is endemic and commonly distributed throughout the river, Nais sp., closely related to Nais
inflata and perhaps new to science, only occurs in lower reaches but less abundant. An enchytraeid
Marionina sp. occurring in soil habitats along upper reaches, and in a shallow lake (Ban’ an Lake )
in middle reaches (Xie, personal observing) has also been described to be new to science (Xie &
Rota, In prep.). Secondly, previous records (Liang et al., 1985) indicated that Anging is the
upper distributional limit of polychaetes in the Changjiang River. In our investigation, however, two
species of polychaetes, Nephthys sinensis and Nephihys polybranchia , may also be distributed up to

Hukou. Since the polychaetes are generally regarded as marine invertebrates, it implies that macro-
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invertebrates in lower reaches should have historically been affected by marine fauna. It also implies
that Hukou is the reasonable demarcation between middle and lower reaches.

Tab. 3 gives the species richness of three reaches. The highest richness (74 taxa) was found
in lower reaches, especially, the imsects and molluscans are more frequent groups, being 36 and 14
respectively. For molluscans, it seems that some physico-chemical conditions in lower river such as
slower current velocity and conductivity, as well as higher water temperature and transparency, are

more favourable to that phylum (see discussion).

Tab.3 Number and percentage of taxa of different groups in the Changjiang River

Upper reaches Middle reaches Lower reaches
number % number % nurnber %

Polychaeta 2 2.8
Oligochueta

Naididae 8 15.4 5 10.4 7 9.7

Tubificidae 11 21.2 14 29.2 8 11.1

FEnchytraeidae 1 1.9

Total 20 38.5 19 39.6 15 31.3
Insecta 19 36.5 13 27.1 36 50.0
Mollusca

Gastropoda 7 13.5 6 12.5 10 20.8

Lamellibranchia 2 38.9 4 8.3 4 5.6

Total 9 17.3 10 20.8 14 19.4
Other animals 3 5.8 6 12.5 5 6.9
Total 52 100 49 100 74 100

4.3 TFunctional feeding groups

On the basis of species, the functional feeding groups in different reaches were determined by
means of the authors’ field observation and available literatures (e. g. Wetzel, 1983; Amitage et
al ., 1995) in combination (Tab. 4). Tt reveals that there are no significant difference among three
reaches except for the predators thal are more abundanl in lower reaches. In entire river, results
showed shredders and predators are few, only 8 {6.5% of the total) and 19 {15.5% ) species re-
spectively, while collectors and grazers are more frequent groups, being 58 (47.1%) and 38
(30.9%).

Tab.4 Functional feeding groups of macroinvertebrates in different reaches of the Changjiang River

Upper reaches Middle reaches Lower reaches Entire river

Shredder 1 3 7 8
Collector Filterer 7 6 11 18
Collector Gatherer 18 18 19 35
‘Totals of Collector 25 24 30 58
Grazer 16 12 17 38
Predator 6 7 13 19
Totals 48 46 67 123

4.4 Density and biomass

The mean densities and biomass in three reaches during 1989 to 1997 are given in Tab. 5. It indi-
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cates that, although their biomass were lower, oligochaetes constitute the majority of the density throughout
the river, being 52.8-—97.3% of the total. However, the abundance of oligochaetes was somewhat differ-
ent in different reaches. Tubificids were more abundant in mid-lower reaches (48% and 90% respective-
ly), while naidids were more frequent in upper reaches (83.3% ). Taking density and biomass into con-
sideration, Molluscan, mainly occur in mid-lower reaches, was the dominant group in middle reaches, be-

ing 41.9% and 93.0% of the total, respectively.

Tab.5 Mean densities and biomass of macroinvertebrates in the Changjiang River

upper reaches middle reaches lower reaches
Density Biomass Density Biomass Density Biomass
(ind*m~2) (grm=2) (ind*m~?) (grm~2) (ind*m™2) (g'm=2)
Oligochaeta
Naididae 2280 0.825 56.5 474.7 0.053
Tubificidae 257.5 1.28 566.6 1.634 5839.5 6.647
Total 2537.5 2.105 623.1 1.634 6314.2 6.700
Insecta 200 0.763 63.3 0.474 67.3 0.082
Mollusca 494.9 27.878 106.0 4.861
Total 2737.5 2.868 1181.3 29.986 6487.5 11.643
4.5 Discussion

The majority of macroinvertebrates in the Changjiang River appears to be more or less composed of
theophilic taxa. Compared to the fauna in shallow lakes or other lentic waters along the Changjiang Basin
(Liang et al., 1995a, b; Xie et al., 1996; Wang et al., 1996) , 46 taxa found in the Changjiang Riv-
er have not been recorded in lakes. Among them are some naidids and tubificids (e. g. Rhyacodrilus ria-
buschinskii, Telmatodrilus sp.), Caenidae, Ephemerillidae, Psychodidae, Osylus and Setodes (insects) ,
and Melanoides and taretia (molluscans) . Probably part of the difference are due to the different tempera-
ture range (Liang, 1987), lower transparency and higher current velocity (Wu & Chen, 1986; Chen &
Wu, 1983).

Tab.6 Correlations between species richness of macroinvertebrates and physico-chemical parameters (df =11, * p<0.05)

Naididae Tubificidae Oligochaeta Insecta Mollusca Totals

Vel -0.52 -0.23 -0.42 -0.48 -0.63" -0.69"
Wt 0.18 0.03 0.12 0.00 0.88" 0.45
SD ~-0.34 -0.12 -0.28 -0.22 0.86" 0.20
pH -0.66" -0.24 -0.52 -0.24 -0.33 -0.46
COND » -0.48 -0.38 -0.47 -0.46 -0.74" -0.74"
CoD 0.49 0.28 0.43 0.41 0.33 0.52
Hardness 0.24 0.11 0.22 0.33 -0.32 0.02
- -0.29 0.29 0.02 0.08 -0.06 0.01
TP 0.27 -0.09 0.11 -0.01 0.23 0.14
NO; 0.03 0.21 0.13 0.24 0.61" 0.50
NG3- -0.46 -0.69" -0.63" -0.41 -0.04 -0.51
NH/ 0.65* 0.46 0.63* 0.64* 0.01 0.60*
N -0.08 -0.38 -0.25 -0.37 0.26 -0.20

The relationships between species richness of macroinvertebrates and physico — chemical factors were
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analyzed (Tab. 6). It showed that oligochaetes are negatively correlated with NO2~ and positively with
NH,' , while molluscans are significantly correlated with many factors such as current velocity, water tem-
perature, transparency, conductivity and NO; .

The relationships between standing crops of macroinvertebrates and physico — chemical factors in low-
er and higher water periods were analyzed (Tab. 7, 8). In higher water, depth was the main limit factor
impacting the distribution of the macroinvertebrates. In lower water level, however, many factors such as
waler temperature, transparency and pH were more important.

Tab.7 The correlation between standing crops and physico — chemical parameters in lower water level period
(df=16, * p<0.05) (D, demsity; B, biomass)

Wi SOD Depth Bt¥ pH ™ NO~ TN
N D 0.13 -0.32 -0.11 0.15 0.13 0.15  -0.07 -0.08
Naididae
B 0.13 -0.32 -0.11 0.16 0.13 0.15 -0.06 -0.07
. D 0.28 -0.28 -0.23 0.23 0.05 -0.10 -0.04 0.01
Tubificidae
B 0.33 -0.47 -0.13 -0.30 0.17 -0.11 -0.14 -0.05
. D 0.26 -0.30 -0.22 0.23 0.07 -0.06 -0.05 0.00
Oligochaeta
B 0.33 -0.47 -0.13 0.30 0.17 -0.11 -0.14 -0.06
D 0.14 ~-0.09 0.24 -0.04 -0.11 -0.57" 0.517 -0.12
Insecta
B -0.12 0.04 -0.26 -0.12 -0.18 -0.40 0.9 -0.17
n -Q.617 0.87 ~-0.22 -0.34 0.59" 0.11 -0.07 0.32
Mollusca
B -0.61" 0.8~ -0.23 ~-0.33 0.60" 0.10 -0.07 0.32
Totak D -0.36 0.60" -0.34 0.14 0.56" 0.4 -0.07 0.26
o B _0.60° 086  -024 -0.32 0.60°  0.10  -007 0.3l

¥ bottom temperatre

Tab.8 The correlation between standing crops and physico-chemical parumeters in higher water level period
(df=16, * p<0.05) (D, density; B, biomass)

Wt SOD Depth Bt¥ pH TP NO§™ TN

Naididae D 0.17 0.14 0.56" -0.08 -0.07 -0.13 -027 -0.28
B 0.17 0.14 0.56" _0.09 =007 -013 -027 -0.28

Tubificides D 0.21 0.14 0.61" -¢.10 -0.07 -0.17 -0.28 -0.30
B 0.22 0.12 0.61" -0.11  -0.2 -0.01 -021 -0.21

Oligochaeta D 0.21 0.14 0.61% ~0.10 -0.07 -0.12 -0.28 -0.30
B 0.22 0.12 0.61" -0.11  -0.02  0.01 -0.21  -0.21

— D 0.15 0.21 ~0.12  -0.07 0.14 0.03 0.09 0.05
B ~0.02  0.33 -0.11 -0.40 -0.25 -0.05 -0.38 -0.20

N D 0.05 -0.13  0.19 -0.05 0.53" -0.24 0.3 0.24
B 0.21 0.11 0.33 -0.03 0.43 ~0.25  0.17 0.14

Totals D 0.21 0.14 0.61" ~0.10 -0.06 -0.13 -0.27 -0.30
B 0.26 0.16 0.59* -0.10 _0.16 -0.11 -0.09 -0.10

¥ hotiom temperature
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