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Abstract

An investigation of the macrobenthos, hydrology and sediments of the Lam Tsuen River,
New Territories, Hong Kong, was undertaken in November 1976 and at quarterly intervals
during 1978—79. Between these two surveys there had been a considerable increase in settle-
ment and agricultural activity in the river valley and this had a significant effect on river
ecology. In 1976, there were signs of slight organic enrichment in the middle and lower course
of the river but benthic communities were fairly diverse and showed gradual transition from
the headwaters to the flood plain. The benthic communities did not fit neatly into the rithron-
potamon scheme of river classification and it is doubtful that this classification can be applied
at the generic or even familial level in the tropics.

In 1978—79 the river exhibited signs of considerable organic enrichment with all but
the headwaters showing high nutrient, B. O.D.5 and seston loading. This deterioration in water
quality resulted from wash-off and discharge of farm wastes into the river as was clearly shown
by examinations of seston composition at each sampling station. Seasonal changes in water
quality were apparent, with “flushing” of the river by spates during the summer wet season
leading to a reduction in enrichment; conversely, nutrient, B.O.D.; and organic seston loads
were maximal in the dry season. Such changes affected sediment characteristics, with greatest
downstream changes in physical parameters and levels of sedimentary organic matter occurring
in the dry season.

Benthic faunal diversity was reduced in 1978—79 although the abundance of certain taxa
was greatly enhanced by cultural eutrophication. Only the two upstream stations maintained
faunal diversities equivalent to those seen in 1976; elsewhere the distribution of sensitive taxa
was restricted and many previously widespread species were confined to the upper course. By
contrast, some species tolerant of enrichment were able to increase in range and abundance
as a result of the increased availability of food. Seasonal changes in water quality influenced
the macrobenthos, with maximum community diversity in the river as a whole being attained
at the end of the wet season after the river had been “flushed out” during periods of high
discharge. In the dry season, water quality in the middle course of the river deteriorated and
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certain taxa were eliminated from these sites whilst others became more numerous. Evidently,
the polluted zone of the river shifted up and downstream according to the incidence of seasonal
rainfall in Hong Kong.

These observations were discussed with particular reference to the interactions of rivers
and their valleys. It is concluded that changing conditions in the Lam Tsuen River were
indicative of the transfer of materials (agricultural and domestic wastes) from the terrestrial to
the aquatic components of the environment.
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Introduction

Hong Kong lacks any rivers which could, on a world scale, be considered as
large. However the territory boasts a few smaller systems such as the Indus, Shum
Chun, Lam Tsuen and Shatin Rivers, all of which are situated in the New
Territories. Recent Hong Kong Government policy has involved decentralization
of the urban population so that new towns have appeared in previously rural areas.
A consequence has been increased rates of environmental deterioration in parts of
the New Territories, and many rivers have become grossly polluted. Only one
system, the Lam Tsuen River, has escaped the extreme effects of water pollution,
but even in 1976 showed signs of enrichment of the lower course as a result of the
input of agricultural wastes. Signs of deterioration since then are apparent, reflecting
increased use of the river valley for intensive raising of pigs, ducks and chickens.

Studies of the longitudinal distribution of benthic animals in many world rivers
indicate a trend towards faunal zonation, with differing communities occupying
upland and floodplain reaches. An appreciation of such changes have led a number
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of workers to impose systems of faunal classification upon river zones, often based
on the fish present in different parts of the habitat (CaArRPENTER 1928a; HawKES
1975). While such schemes may be of value in Europe (where many were
formulated) they are of little use in the tropics and subtropics where the fauna,
climate and geology are different. The division of rivers into rithron and potamon
regions (ILLiEs 1961; BayLy & WiLLiams 1973), based largely on temperature, is
of more general use but this classification is still subject to vagaries of local climate
and relief (Hynes 1970) and may not apply equally to all rivers in a single country
(Towns 1979). Indeed, there is little information in such a classification that could
not be imparted by the use of the terms “lowland” or “flood plain” and “upland”
or “highland” to describe the parts of a river system.

Various factors affect the longitudinal distribution of lotic macrobenthos.
Temperature (e. g. CARPENTER 1928b) and its interaction with current velocity
(ZaHAR 1951; PHILIPSON 1954, 1969; PHILIPSON & MOORHOUSE 1976; PHILLIPSON
1956; EDINGTON 1965, 1968; HiLDREW & EDINGTON 1979; Boon 1979), as well as
downstream changes in substrate composition (BAGGE & SaLMELA 1978), are
particularly important in this respect. Longitudinal zonation of river fauna has been
investigated in many parts of the world including Central Africa (Hynes &
WiLLiams 1962), Southern Africa (HARRISON 19582, 1958b, 1965; HARRISON &
ErsworTH 1958; ALLANSON 1961; CHUTTER 1963; OL1FF 1963), Malaysia (Bisuop
1973), Japan (Mivata 1976), New Zealand (Towns 1979), West Indies (HynEs
1971), the Antilles (Harrison & Rankin 1976), North America (RICHARDSON
1928; SpruLEs 1947; ArRMITAGE 1961), Lapland (ULrsTraND 1968) and the United
Kingdom (MarTLaND 1966; Wise 1976; HiLpREW & EpINGTON 1979).

The natural pattern of longitudinal distribution and community structure of
lotic macrobenthos can be profoundly altered by the activities of man; the input of
nutrients, sewage, silt, pesticides and industrial wastes can be particularly signif-
icant. The effects of sewage and wash-off from agricultural land lead to organic
enrichment and do not usually involve the devastation of the aquatic biota associated
with aquatic wastes and pesticides. However the extent of community alteration will
be related to the degree of enrichment, faunal diversity decreasing with increasing
nutrient input (PATRICK et al. 1954; PaTRICK 1961; CummINns 1970; MINsHALL 1970;
WiLHM 19702, 1975).

The differential effects of pollutant type and concentration on benthic macro-
invertebrates has led to the use of the latter as indices of water quality (HART &
FuLLER 1974; WILHM 1975; BRYCE et al. 1978). These animals effectively integrate
short and long term changes in the habitat and react to critical factors of short
duration which would be undetected by a regularly timed sampling programme. In
addition they are restricted in their movement from a newly polluted locality by
their strict ecological requirements (e. g. PHILLIPSON 1956; CuMMINs 1964;
CuMmiNs & LAUFr 1969) and this lack of mobility increases ease of sampling. Many
studies have included the use of species occurrence as a pollution index as it has
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long been thought possible to arrange the components of freshwater communities
in a hierarchical fashion on the basis of their tolerance to a particular pollutant
(e.g. Bick 1963). The use of indicator species requires a knowledge of short and
long term pollution tolerances and ecological requirements of the taxa concerned;
the incidence of a particular taxon indicating that pollution has not exceeded critical
thresholds in its lifetime. As such detailed information is lacking for Asian species
it would be unwise to apply this criterion as a means of pollution assessment with-
out comparable information from ecologically similar habitats in the region. There
are no such data for habitats comparable to the Lam Tsuen River in Hong Kong
and in this case all that can be inferred from the absence of a particular species is that
it does not occur there.

More promising approaches to the use of biological indicators of water quality
include using the whole benthic community as the indicating unit (WiLam &
Dogrris 1968). Pollution induced community changes are probably best described
mathematically by the use of diversity indexes (e. g. CaIrNs et al. 1972; CAIrNs
1974; DEN1s & Patin 1977) which have been employed in a variety of freshwater
biological investigations (PEsEk & HERGENRADER 1976; BRYCE et al. 1978; MooORE
1979; Srack et al. 1979; Towns 1979).

The present study was undertaken in order to obtain data on three main aspects
of the Lam Tsuen River. Firstly, the course of the river was surveyed in 1976 when
information on faunal zonation in the relatively unpolluted river was gathered. A
second study was undertaken in 1978—79 to investigate seasonal variation in faunal
succession in a river showing the visible effects of organic enrichment. Thirdly, it
was hoped that data gained from the 1976 and 1978—79 surveys would indicate long
term changes in the habitat. Additionally this investigation was intended to provide
data comparable with world rivers as well as with other freshwaters in Hong Kong.

Study area

The Lam Tsuen River is about 9 km in length, running from southwest to
northeast across central New Territories, Hong Kong, and drains an area of approx-
imately 20 km® The mouth is located in the western, inner-most corner of Tolo
Harbour on the eastern side of the New Territories, where the town of Tai Po is
sited (Fig.1). The river arises to the southwest of Tai Po, on the slopes of Tai Mo
Shan and flows downhill through relatively undisturbed scrub and subsequently
agricultural land until, approximately 2 km from its mouth, the course changes
from a southwest-northeast to a northeast-southwest direction, the result of an old
river capture. The geology of the upper and western sides of the Lam Tsuen Valley
is dominated by the presence of pyroclastic rocks and associated lavas (ALLEN &
STEPHENS 1971). The valley floor is largely alluvium while the lower eastern portion
is made up of intrusive igneous rock dating from the Jurassic era referred to as Tai
Po grandodorite.
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1 PO

Fig. 1. Map of the Lam Tsuen Valley, New Territories, Hong Kong, showing the main river
and its tributaries.

Six stations along the river were selected for study (Fig. 2). Station 1 was
situated on the slopes of Tai Mo Shan at about 160 m altitude. The character of the
river above this site did not change noticably until point T when it bifurcated into a
number of small, intermittently flowing-tributaries. Access to the river beyond
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Fig. 2. Profile of the Lam Tsuen River showing the location of sampling stations 1—6. Site T
marks the location of the uppermost permanently flowing section of the river.
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Station 1 was extremely difficult. At this sampling site, the river bed was narrow
(1-2.5 m) and the swiftly flowing water (0.9—1.6 m/sec.) was shallow (5—15 cm).
The water was clean and clear and there was no overhanging vegetation. Amounts
of allochthonous detritus in the river were very small. The floral composition of the
surrounding scrubland was typical of many hillside catchment areas in Hong Kong
(e.g. DunGEON 1983 a) where the earths are generally acidic podsols. Station 2, at
an altitude of 80 m, was situated further down the valley and, like Station 1, had
a bed of stones and boulders between which the frequently turbulent water flowed.
The current was swift (>0.5 m/sec.), the water shallow (10—25 ¢cm) and the bed
quite narrow (2—4 m). Water is drawn from the river at this point for domestic
consumption and irrigation of a few small-holdings. Although the water was clear,
domestic rubbish and litter left by picnickers were sometimes present in the river.
During the winter and spring, filamentous algae blanketed the stony sediments but
there was very little allochthonous detritus present.

Beyond Station 2 intensive agriculture, including market gardening and the
intensive raising of pigs, ducks and chickens, is practised in the valley. The habit of
spreading animal manure on the fields is widespread although the use of synthetic
fertilizers is increasing. A number of villages are situated along the course of the
river and in recent years some of the duck farmers in the valley have fenced off
portions of the river for use as a swimming area for their birds. The river also
provides irrigation water, and serves as a convenient waste disposal unit for the
residents of the valley.

At Station 3 the river bed was quite wide (5—10 m) but the water was generally
shallow (10—30 c¢m, with a few pools over 1 m deep) and fast-flowing (0.4—
0.8 m/sec.). The sediments comprised rocks and stones (but few boulders) and sand
accumulated in areas of slack flow. The surrounding land was, with the exception of
a few trees, cleared for agriculture which included market gardening and chicken
rearing. A small pig farm was established at this site in 1978. Dead chickens, sweep-
ings from chicken coops, pig faeces and litter were frequently seen in the river
during 1978—79. Sewage fungus (Sphaerotilus: Chlamydobacteriales) was recorded
in March 1979 and large accumulations of algae were always present on the
river bed.

Station 4 was similar to Station 3 with a substrate of flat stones covered by
filamentous algae. The water here was generally shallow (10—20 c¢m) and quite fast
flowing (0.4—0.7 cm/sec.). River width varied between 7 and 12 m. In 1978 this
section of the river was fenced off and used as a swimming space and run for a
neighbouring duck farm. The ducks denuded the area of riparian vegetation and
the region immediately downstream supported extensive growths of Sphaerotilus.
During 1978—79 samples were taken about 100 m downstream from the duck
enclosure where the water was rather grey and murky. At Station 5 the water was
clearer and Sphaerotilus only present (in small amounts) in the dry season of 1979.
The water was 20—40 cm deep and the current quite rapid (0.4—0.7 m/sec.). The
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sediments comprised rocks and stones set in a sand bed. Filamentous algae and
Hydrilla verticillatum (L.) RoyLe (Hydrocharitaceae) were abundant and frequent
accumulations of farm and domestic refuse were noted. Duck and pig raising was
carried out in the vicinity and the riparian vegetation was reduced to a few trees.

In 1976 an intermediate site, Station 5b, between Stations 5 and 6 was
investigated. Samples were taken slightly upstream of the Tai Po Au pumping
Station (which is connected by underground pipeline to Plover Cove Reservoir)
(Fig. 1). Here the river was slow flowing (0.1-0.3 m/sec.) and wide (15 m), and
the shallow water (15—30 cm) was rather turbid. Despite this, extensive growths
of Hydrilla verticillatum and filamentous algae were present. There was consider-
able evidence of organic pollution with domestic refuse, dead fowls and Sphaero-
tilus in abundance.

Station 6, the lowest site, was situated immediately upstream of a small weir
which prevented any tidal influence from reaching the study area. The water was
murky and approximately 30 cm deep (with areas >1 m in depth); flow was
generally <20 cm/sec. The substrate of stones and rocks was covered with a layer
of silt and clay. Aquatic plants were abundant at this site and on occasions the water
surface was almost entirely obscured by growths of Eichhornia crassipes (MART.)
Sorms (Pontederiaceae). Hydrilla verticillatum and Lemna minor L. (Lemnaceae)
were also abundant and Ludwigia adscendens (L.) Hara. (Onagraceae) grew near
to the bank. The surrounding land was given over to market gardening and pig
rearing. There were small quantities of refuse in the water.

Materials and methods

Samples were collected from each station on 25 November 1976, and at quarterly
intervals over the year 1978—79: 30 June 1978, 20 September 1978, 27 December 1978 and
20 March 1979. Water and air temperatures were taken on each visit and water samples
collected for laboratory analysis in 51, pre-washed, P.V.C. containers. Dissolved oxygen,
pH and conductivity were determined with bench meters immediately upon return to the
laboratory and all other analyses carried out within 24 hrs of sample collection. Total reactive
phosphates were measured using the stannous chloride method (ArHa 1971). Nitrite-nitrogen
and nitrate-nitrogen were determined using a modified Griess-Ilosvay method (MACKERETH
et al. 1978) with the reduction step achieved by using hydrazine sulphate in the presence of
copper sulphate solution. B.O.D.s was determined by ApHa standard methods and the
quantities of organic and inorganic seston measured by passing known volumes of river water
through Whatman GF/F filters, dry weighing, with ashing at 550°C followed by a second
dry weighing. Details of these procedures are given elsewhere (DupcEoN 1981, 1982a). In
order to characterize seston components, 10—25 ml of water from each site were passed
through 0.8 pum milipore filters. These were dried, mounted and the area of each seston
component (detritus, diatoms, inorganic material, etc.) calculated by measuring the size
of these particles with the use of a graduated eyepiece at 600x magnification (MEcoM &
CuMMINS 1964).

Macrobenthos samples were collected in riffle areas at each station using a modified
transect method. Details of the transect method are given elsewhere (Dupceon 1979, 1982b).
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A large triangular framed net (mesh size 200 pm) was placed in the river facing upstream with
its flat edge buried in the sediments. All of the substratum within an area of 36.5 X 36.5 cm
(which was the length of the lower edge of the net frame) was dug out down to bed rock and
transferred to strong plastic bags or basins. Additionally, material washed into the net by the
current was added to the sample. The procedure was repeated five times across a given reach,
including two samples close to the bank, one in the centre, and two in intermediate positions.
This method collected numerous macroinvertebrates and subsampling the chironomid com-
ponent of the sample was frequently necessary. NEEDHAM & USINGER (1956) and CHUTTER &
NoBLE (1966) have stated that three square foot samples, or sampling 0.3 m’, of a stony riffle
should be satisfactory for normal purposes. The area sampled at each site in the present
investigation exceeded their recommendations and samples were considered to be represent-
ative of the benthic fauna. The use of a fine meshed net and the sampling of the hyporheal
zone probably improved sampling accuracy.

After collection all samples from each station were pooled and preserved in 5% neutral
formalin. Organic material was separated from inorganic sediments by elutriation and those
taxa which did not float (large gastropods) were picked out by hand. Samples were sorted and
macroinvertebrates counted at 15x magnification. In order to investigate variations in benthic
macroinvertebrate community composition, the Shannon-Weiner diversity index was emp-
loyed. This index measures the average rarity of the test community thus circumventing the
need for ecologists to invoke “information theory” as a conceptual basis for the Shannon
formula (DENNIs & PaTIL 1977). WiLHM & DoRrris (1968) and WiLHM (1970a) have examined
the performance of the index in various situations using the following relationship (which was
that employed in the present study) to derive d:

a = —Zs: (n;/n) logz (n;/n)
1

where n; equals the number of individuals in each taxon, n equals the total number of
individuals and s is the total number of taxa. Except when low numbers of individuals are
present, d is independent of sample size (WiLuM 1970a). Moreover, a comparable range of
diversity values are obtained for unpolluted streams in different localities, even when parity
of sampling methodologies is not attained. “Clean” streams have a d value of between 3 and 4
but this is reduced if pollutants are present in the environment; in conditions of extreme
pollution d may be less than 1 (WiLuM 1970a, 1970b). d was calculated in this study using
a modification of the computer program employed by Camrns & Dickson (1971).

Sediment samples were collected using cores with 80 mm internal diameter. Approx-
imately 1.5 kg of sediments were collected from each site on the subjective basis of taking
samples which appeared to be representative of the habitat. Substrate analysis followed the
procedure described by Dubnceon (1981,1982¢). All samples were oven dried, passed through
a graded series of Wentworth sieves, and each fraction was weighed and ashed separately.
Calculation of sediment statistics was undertaken according to the formulae of FoLk & Warp
(1957) and Forx (1966).

Results
A. Hydrology

Hydrological data for the Lam Tsuen River collected by the author in
November 1976 are shown in Table 1. Table 2 shows additional hydrological data
gathered from a variety of sources. Figures for Station 6 were kindly provided by
Waterworks Office, Hong Kong Government, from their monitoring facility at the



Hydrobiology of the Lam Tsuen River 63

Table 1. Water temperature, dissolved oxygen (mg/l) and pH at seven stations along the Lam
Tsuen River on 25th November 1976.

station water temperature dissolved oxygen pH
1 24.0 8.40 6.95
2 24.5 8.20 6.95
3 245 7.95 6.90
4 24.0 7.90 6.90
5 24.0 7.60 6.85
5b 24.5 7.50 6.80
6 24,5 5.10 6.80

Tai Po Au Pumping Station and are for the year ending March 1975. Data for
Stations 2, 3 and 5b are from an unpublished M. Phil. thesis (1973) undertaken by
H.Kan of the Botany Department, the University of Hong Kong. No data were
available on nutrient loads at Stations 1 and 2 in 1976 but, as land use around these
sites did not change between 1976 and 1978, it was assumed that the water quality
remained fairly constant over the study period. The figures presented in Table 2
should be interpreted with caution as they do not represent the actual conditions
in the river in 1976, but indicate what the water quality might have been like. They
show a tendency towards increasing nutrient concentrations with greater distance
from the river source. Dissolved oxygen showed a tendency to decrease downstream
(Tables 1 and 2) and this is reflected to a lesser degree by pH. There was no obvious
variation in water temperatures between upper and lower course sites (Table 1).

Table 2. Projected values for pH, dissolved oxygen, B. O.D.;, nitrates, phosphates and silicates
in water from a number of sites in the Lam Tsuen River during 1976.

site H oxygen B.O.D.s NO, PO, silicates
P (mg/)  (mg/)  (mg/)  (mg/)  (mg/))
LT 1 max.  7.00 10.00 1.19 0.21 0.23 -
mean 6.93 8.90 0.80 0.95 0.14 -
min.  6.90 8.25 0.40 0.04 0.04 -
LT 2 max.  7.65 11.00 8.00 4.00 0.10 8.20
mean  7.12 9.20 4.07 1.00 0.05 7.00
min.  6.55 8.00 1.65 0.02 0.03 4.00
LT3 max.  7.40 11.00 21.50 10.50 0.93 8.80
mean  6.94 8.80 8.39 5.10 0.50 7.20
min,  6.40 6.80 5.50 3.00 0.20 4.80
LT5b  max. 7.80 11.00 43.50 11.00 1.90 8.20
mean  6.85 7.00 21.40 6.20 0.85 7.30
min.  6.40 4.90 15.50 3.50 0.15 5.00
LT 6 max.  7.00 7.70 14.30 1.14 8.51 24.40
mean  6.80 4,90 3.50 3.28 1.83 17.90

mm.  6.70 1.20 0.50 0.36 0.65 9.50
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Fig. 3. Air and water temperatures at six sites along the Lam Tsuen River during 1978—79.

Knowledge of hydrological conditions prevailing in the Lam Tsuen River in
1978—79 is more substantial. In general, water temperature (Fig. 3) followed air
temperature and increased downstream in June and September 1978. However, in
December 1978 temperature peaked at Station 3, and in March 1979 water temper-
atures at all stations were almost equal. The maximum range from the headwaters
to Station 6 was 3.5°C. pH was always slightly acid to neutral and decreased down-
stream (Fig.4) although the magnitude of the change never exceeded 0.25 pH units.
Conductivity was generally lower in upstream sites and tended to increase with
decreasing pH. The general pattern of downstream changes in pH and conductivity

was unaffected by season.
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Fig. 4. pH and conductivity at six sites along the Lam Tsuen River during 1978—79.
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Dissolved oxygen concentrations decreased in the lower course of the river,
particularly between Stations 5 and 6. This general pattern showed no seasonal
change although the magnitude of the downstream fall in concentration varied
between 2.25 and 6.75 mg/l in June and December 1978 respectively (Fig. 5).
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Fig. 5. Dissolved oxygen concentrations at six stations along the Lam Tsuen River during
1978—-79.

Significant downstream changes in phosphates were also noted, concentrations in
the lower course exceeding those in the headwaters by between 1.55 and 4.68 mg/1.
On two occasions phosphate concentrations at Station 5 were lower than those
recorded at Stations 4, but those at Station 6 were always highest. Of particular
interest was the large concentration increase between Stations 2 and 3 in December
1978 and March 1979 (Fig. 6).

Both nitrate-nitrogen and nitrite-nitrogen concentrations increased in the
middle and lower course of the river (Fig. 7). This was not a simple downstream
increase and nitrate concentrations at Station 5 always exceeded those at Station 6;
in March 1979 the highest levels were recorded at Station 4. A similar trend was
apparent for nitrites excepting June 1978. The maximum and minimum downstream
changes in nitrate concentrations (0.76 and 1.96 mg/l) were recorded in September
and December 1978 respectively, and in nitrite concentrations (1.00 and 1.25 mg/1)
in December and June 1978 respectively. In June and December 1978 the concentra-
tion of nitrates in river water was generally greater than that of nitrites; in September
1978 and March 1979 this trend was partially reversed although nitrates were always
in excess of nitrites at the two upstream stations.

5 Archiv f. Hydrobiologie, Suppl.-Bd. 69
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5-day B.O.D. values were generally low at Stations 1 and 2 and increased
downstream (Fig. 8). Values were maximal at Station 4 in June and December 1978,
and at Station 5 in September 1978 and March 1979. The highest downstream
increase (35.02 mg/l) was recorded in March 1979, and the lowest (19.69 mg/l) in
December 1978. B.O.D.; values were generally higher in March 1979 than at any
other time during the study.

Amounts of suspended material (seston) generally increased downstream but
tended to show mid-course peaks in loading (Fig.9). The maximum recorded load
was 21.80 mg/l, 17.03 mg/l of which was organic matter. Seston levels were
relatively low in June and December 1978, and higher in September 1978 and March
1979. The mean percentage of organic matter was, however, lower in June and
September 1978 (41.75+9.69 and 55.08 £ 6.27% respectively). Highes't inorganic
loads were recorded in September 1978 (mean for all stations = 5.65 mg/l) and the
lowest in December 1978 (x =0.65 mg/l). Highest organic loads were recorded in
September 1978 (x =6.19 mg/l) and the lowest in June (x =1.64 mg/l).

Seasonal changes in the hydrology of the six stations along the Lam Tsuen
River are summarized in Table 3. They indicate a general tendency towards a
greater range of values for most parameters with increasing distance from the head-
waters. There are slight trends towards increased mean values for seston organic
matter and conductivity, as well as a downstream decrease in pH.

In order to supplement information on seston organic content, the proportions
of those components comprising the suspended load were measured and represented
by frequency histograms (Figs. 10 and 11). Nine categories of material were
enumerated: filamentous Chlorophyta, Bacillariophyceae, Cyanophyta, other algal
unicells, terrestrial macrophyte detritus, aquatic macrophyte detritus, animal
derived detritus (faeces, feathers, etc.), unidentifiable detritus (probably largely
faeces and farmyard wastes), and inorganic material. In September 1978 and March
1979 samples were examined from all six stations but in June and December 1978
only samples from Stations 1 and 6 received detailed study. In general, significant
quantities of inorganic material were only found at Station 1, although never
amounting to more than 10% of the area of the total load. Also important at this site
were diatoms and terrestrial macrophyte detritus (mainly riparian grasses) each
comprising 20—35% of the seston. The remainder was largely unidentifiable
detritus and this was generally the major category at Station 1.

Seston composition at Station 2 was very similar to that of the upstream site
except in March 1979 when 40% of the load was filamentous Chlorophyta which
was abundant on the sediments at this site during the spring. Similarly, filamentous
chlorophytes were dominant at Station 3 in March 1979, but, in contrast to the
upstream sites, diatoms and allochthonous macrophyte detritus were relatively
unimportant and animal derived detritus was present. However, unidentified
detritus was again the major seston component and here probably comprised
farmyard refuse and washings. Similar material dominated the seston at Station 4



Table 3. Seasonal variations (1978—79) in the hydrology of six stations along the Lam Tsuen River.

stations temv;:iure d:;;;id pH conductivity phosphates  nitrites  nitrates B.O.D.  seston "/(c;rsgeasrﬁ)cn

C) (mg/l) (mV % 100) (mg/l) (mg/h) (mg/l) 5-day (mg/l) matter

1 min. 17.50 8.25 6.90 0.05 0.040 0.000 0.040 0.40 0.15 28.57
mean  22.06 8.96 6.94 0.08 0.149 0.018 0.095 0.80 0.65 57.57

max. 26.00 10.05 7.00 0.10 0.230 0.035 0.212 1.45 1.40 70.45

2 min. 18.30 8.10 6.80 0.05 0.100 0.023 0.030 0.83 0.40 29.44
mean  22.95 8.88 6.90 0.09 0.329 0.033 0.098 1.46 0.89 58.30

max. 27.50 10.00 6.95 0.15 0.615 0.045 0.225 2.88 1.80 72.43

3 min. 19.20 7.70 6.70 0.10 0.740 0.225 0.345 2.70 1.60 29.73
mean  23.80 8.08 6.83 0.18 1.559 0.649 0.776 7.84 4.73 58.12

max. 28.00 8.90 6.95 0.25 3.125 1.120 1.020 14.35 11.60 78.44

4 min. 18.80 7.65 6.70 0.15 0.885 0.390 0.460 17.33 2.80 44.62
mean  23.61 7.98 6.79 0.20 1.971 0.835 0.953 23.16 12.63 63.94

max. 28.80 8.80 6.85 0.30 3.250 1.200 1.250 30.20 26.00 79.10

5 min. 18.80 7.20 6.75 0.20 0.900 0.565 0.825 17.00 2.93 50.17
mean  23.70 7.68 6.79 0.24 1.769 0.973 1.294 23.53 7.76 63.08

max. 29.90 8.60 6.83 0.25 2.800 1.200 2.000 42.60 21.20 80.00

6 min 17.75 2.35 6.70 0.20 1.675 0.890 0.680 9.80 3.80 38.33
mean  24.09 4.11 6.75 0.25 3.394 1.014 0.993 16.18 9.46 63.34

max. 30.00 6.00 6.80 0.30 4.875 1.250 1.450 26.90 17.00 85.29
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Fig. 10. Frequency histograms showing seston composition in the Lam Tsuen River on
30 June 1978 and 20 September 1978.

and in September 1978 the remaining suspended solids at this site were algae and
small amounts of aquatic macrophyte detritus (probably Hydrilla verticillatum).
In March 1979 this component was largely replaced by animal derived detritus
although the unidentified detritus was still dominant.

Further downstream at Station 5 the quantities of filamentous algae in the
seston increased, making up approximately 25% of the load in September 1978 and
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40% in March 1979. Hydrilla verticillatum also contributed suspended material,
and animal derived detritus comprised >10% of the load in March 1979. Algal
unicells (mainly Chlorophyta) were pre-eminent in the seston at Station 6 where

unidentifiable detritus was a relatively small component. Filamentous chlorophytes

comprised 10—30% of the seston load and quantities of aquatic macrophyte detritus

(10—20%) derived from aquatic plants at this site (Hydrilla verticillatum, Ludwigia
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adscendens and Eichhornia crassipes) were recorded on all dates except June 1978
when a recent spate had denuded macrophyte standing stock. Trailing riparian
grasses contributed small amounts of material between June and December 1978.

Clearly, there are marked seasonal variations in seston composition in the Lam
Tsuen River, with the importance of certain components, such as filamentous algae,
depending upon their temporal abundance. Additionally, seston composition
changes along the course of the river. This parallels observed trends in nutrient loads
and might be expected to influence the distribution of the river fauna.

B. (I) Total macrobenthos

The benthic macroinvertebrates of the Lam Tsuen River are listed in Table 4.
Due to a lack of taxonomic information on Asian macrobenthos, many animals were
assigned only to the lowest taxon within which they could be placed with certainty.
Where more than one form or morph occurred within a particular taxonomic
category, identification was carried to the generic or family level with numbers and
letters used to distinguish different species. Most taxa were recorded in both 1976
and 1978—79. Some of those recorded in only one of these surveys were
represented by isolated individuals which may have been absent from other samples
by chance. Exceptions to this are the absence of Psephenoides sp. (Coleoptera:
Psephenidae) in 1978—79, and the incidence of Physella acuta, Hippeutis cantonen-
sis, the exotic Biomphalaria straminea (Gastropoda: Pulmonata), Oligochaeta spp.
L; & L, (Naididae), and Cypridae L, (Crustacea: Ostracoda) in the later study.
Additionally, conspicuous changes in species abundance and distribution occurred
between the two surveys.

Fig. 12 shows the abundance of invertebrates and numbers of taxa found at
each station in the Lam Tsuen River in 1976, as well as values for diversity (d) and
redundancy (f). The number of taxa at each station decreased downstream from
47 at Station 1 to 12 at Station 6. Associated with this, diversity dropped from
3.84 to 1.41 and redundancy increased toward unity (0.34 to 0.61). Changes in
macrofaunal abundance did not follow a clear pattern but tended to increase down-
stream.

Seasonal changes in the numbers of taxa encountered at each station in 1978—
79 (Fig.13) mirrored the general trend seen in 1976 with the fewest taxa recorded
at Station 6. On some occasions, more taxa were recorded from Station 5 than
Station 4 thereby disrupting the smooth downstream decrease. When compared
with findings from the November 1976 survey, there were fewer taxa present in the
lower course of the river in 1978—79, particularly in March 1979. Numbers of taxa
at Stations 5 and 6 were reduced by about 20% while those at Stations 3 and 4 fell
by 42—47%. Stations 1 and 2 did not show any significant variation between
surveys in this respect (Table 5). Between 1976 and 1978—79 the mean number of
taxa in the river as a whole decreased by 21%.
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Table 4. Benthic macroinvertebrate taxa collected from the Lam Tsuen River in 1976 and
1978—79.

Hydroidea
Hydra sp.
Oligochaeta

Oligochaete sp. indet. L,
Oligochaete sp. indet. L,

Hirudinea
Barbonia weberi (BLANCHARD 1897)

Bivalvia
Corbicula fluminea (MULLER 1774)

Gastropoda
Brotia hainanensis (BroT 1872)
Melanoides tuberculata (MULLER 1774)
Sinotaia quadrata (BENsON 1842)
Physella acuta (DRAPARNAUD 1805)
Hippeutis cantonensis YEN 1939
Biomphalaria straminea (DUNKER 1848)
Ferrissia baconi (BOURGUIGNAT 1853)

Cladocera
Simocephalus L,
Simocephalus L,

Ostracoda
Cypridae sp. indet. L,
Cypridae sp. indet. L,

Decapoda
Caridina lanceifrons Yu 1936
Neocaridina serrata (STIMPSON)
Macrobrachium hainanense (PARISI)
Potamon sp.

Ephemeroptera
Baetis Tl, T;, T}, T4,T5, L5, L6, L7, Lg
and cf. T,
Centroptilium L,
Pseudocloeon Ty, T,, L,
Ecdyonurus T,, T,
Epeorns Ti, T,
Iron sp.
Thalerosphyrus Ty
Choroterpes T,
Choroterpes (Euthranlus) L,
Isca sp.
Ephemerella T\, T,, L,
Ephemera sp.
Caenis Ti, T,, L, Ly
Odonata
Protosticta sp.
Euphea decorata (SELYS)
Anax guttatus (BURMEISTER)
Ictinogompbus pertinax (SELYS)

Heliogomphus sinicus CHAO

Heliogomphus T,

Onychogomphus T,

Zygonyx iris (KIRBY)
Plecoptera

Amphinemura sp.

Perlidae spp. indet.

Heteroptera
Apbheilochirus T,
Sphaerodema rusticum (FaBRICIUS)

Megaloptera
Neochauloides boweringi (McLACHLAN)

Trichoptera

Rbyacophila T,

Himalopsyche 14

Agapetus T,

Chimarra T, L,

Hydropsyche T, T,, Ty, Ly, Ly, L,, L,
and sp. indet.

Cheumatopsyche Ly, Ly, L, and sp. indet.

Hydropsychidae genus indet. Ch

Psychomyia T,

Psendoneureclipsis TAy, TA,, TAs

Psilotreta T,

Hydroptila sp.

Coleoptera

Enochras sp.

Hydrophilidae genus indet. T,

Helodes T,

Stenocolus sp.

Eubrianax sp.

Psephenus sp.

Psephenoides sp.

Elmidae genus indet. T,

Elmidae genus indet. T,

cof. Zaitzevia sp.

cf. Limnius sp.

Stenelmis T,

Elmidae spp. indet.

Diptera
Chironomidae spp. indet.
Chironomus <f. plumosus (L.)
Polypedium (Polypedium) sp.
Dicrotendipes sp.
Microspectra sp.
Tanypodinae spp. indet.
cf. Thienemannimyia sp.
Simulinm Ty, Ty (p), L3, Ly and S¢
cf. Pedicia sp.
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Table 5. Number of macroinvertebrate taxa at six stations along the Lam Tsuen River, and
a comparison of the number of taxa present in 1976 and 1978—79.

. mean magnitude
station 25.11.76 30.6.78 20.9.78 27.12.78 20.3.79 (1978—79)  of change

1 47 41 4 50 39 43.3 0.92
2 35 34 36 39 40 37.3 1.07
3 39 22 31 19 18 225 0.58
4 30 16 20 15 12 15.8 0.53
5 23 18 23 28 8 19.3 0.84
6 12 12 7 12 8 9.8 0.82

x: 0.79
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Fig. 13. The number of macroinvertebrate taxa found at six stations along the Lam Tsuen River
during 1978—79.

Diversity and redundancy showed marked seasonal variations in 1978-79
(Fig.14). Stations 1 and 2 generally exhibited the greatest faunal diversity but were
exceeded by Station 3 in September 1978. With this exception, Station 3 showed d
values of <1.1 and the fall in diversity between Stations 2 and 3 was the greatest
recorded between any two sites along the river. Station 4 generally had the least
diverse benthic community. Redundancy (¥) mirrored diversity and tended toward
unity as d fell; Station 4 had the highest redundancy values. Differences in
redundancy at all sites were insignificant in September 1978. This appeared to result
from a general increase in diversity and d values at the 6 stations were more similar
at this time than on any other sampling occasion. Additionally, the downstream
decrease in diversity was relatively small. When compared with 1976, macrofaunal
diversity was generally lower in the river as a whole during 1978-79.

Macroinvertebrate abundance at all sites along the river in 1978—79 exceeded
that recorded in 1976 (Table 6). This increase was seen at Stations 1 and 2 and was
particularly significant at Stations 3, 4 and 5 where the magnitude of increase varied
between 14.1 and 32.1 fold; by contrast, that observed at Station 6 was relatively
small. The mean increase in macrobenthos abundance over the whole river was 15.2
fold (Table 6). Downstream trends in abundance were marked by a great increase
between Stations 2 and 3 with a peak with Station 4 or 5 (Fig. 15).
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Table 6. Macroinvertebrate abundance (numbers/m?) at six stations along the Lam Tsuen
. River, and a comparison of population densities in 1976 and 1978—79.

20.9.78 27.12.78 20.3.79 , mean  magnitude

station 25.11.76 30.6.78 (1978—79)  of increase
1 505 2071 4367 4931 2964 3583 7.10
2 534 2940 5720 7937 4510 5277 9.88
3 5387 149517 41721 131218 164668 121781 22.61
4 8314 65638 248293 74544 80297 117193 14.10
5 5227 72762 34488 173671 389308 167557 32.06
6 4548 29869 8183 17042 40612 23927 _5.26

x: 15.17
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Fig. 15. The abundance of benthic macroinvertebrates at six stations along the Lam Tsuen
River during 1978—79.

(II) Non-insectan Invertebrata

Two species of cyprids (Crustacea: Ostracoda) were recorded from the study
area. Cypridae L, was widespread and in 1976 showed a discontinuous distribution,
occurring in both upper and lower reaches (Fig. 16). In 1978 these animals were
recorded from Stations 2—6 in September and December only. By contrast,
Cypridae L, was restricted to Station 6 and not found in 1976. Cyprid abundance
in November 1976 was considerably less than that in December 1978 (the nearest
comparable date in the 1978—79 survey), reflecting greater numbers of sites
colonized in the later study and high population densities at Stations 3—6.

Oligochaetes showed a simple pattern of longitudinal zonation (Fig. 16). In
June and September 1978, Oligochaete L; was found at Stations 5 and 6, extending
its range to include Station 4 in December 1978 and March 1979. Oligochaete L,
was less numerous, occurring at Station 6 on only two sampling dates. Neither
taxon was encountered in 1976.
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The Mollusca were represented by the bivalve Corbicula fluminea (MULLER
1974) (Corbiculacea: Corbiculidae) and seven gastropod species. The distribution
and abundance of the latter greatly increased in 1978—79 and has been discussed in
detail elsewhere (DubnGeEoN 1983 b).

(II1) Ephemeroptera

Numerically dominant among the Ephemeroptera were baetid nymphs; their
distribution and abundance is shown in Figs. 17—22. Baetis Ty, T and T4 were
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Fig. 17. The distribution and abundance of Baetis Ti, Baetis T, and Baetis T, (Ephemeroptera:
Baetidae) in the Lam Tsuen River in 1976 and 1978-79.
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more widely distributed in 1976 than during the later survey (Fig.17). Throughout
1978—79 Baetis Ty was confined to Stations 1 and 2 although present at Stations
1-5in 1976. Similarly, the distribution of Baetis T, was restricted to Stations 1-3
in the later survey. Baetis T, was found at Station 1 in September and December
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1978 and in November 1976 when it was also common at Station 6. The distribution
pattern of this taxon was unusual, but on the basis of nymphal morphology,
populations at both sites comprised but a single species. The abundance of Baetis T,
and T, at sites where they occurred in 1976 and 1978—79 had not changed
significantly, although their numbers in the river as a whole fell substantially as a
result of their restricted distribution in the later study.

The zonation of Baetis T; and Ls is shown in Fig.18. Two sub-groups of the
former taxon, Baetis T; and Baetis cf. Ty were distinguished on the basis of slight
morphological differences (principally dorsal abdominal patterns). It was unclear
whether these were phenotypic variations reflecting microhabitat characteristics.
Baetis Ty was found at Stations 1—5b in 1976 but only at Stations 1-3 in 1978—79.
In June 1978 Baetis T3 was confined to Station 2 and Baetis cf. T; restricted to
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Station 4. At other times in 1978—79 Baetis cf. T was recorded from Stations 4
and 5 but in 1976 occurred only at Station 6. Numbers of Baetis cf. T; increased
in 1978—79 reflecting a wider distribution and higher population densities at
colonized sites. By contrast, the overall abundance of Baetis T3 was reduced.

Baetis Ls was widespread in 1976, but more numerous in the lower course of
the river (Fig. 18). During 1978—79 its distribution was discontinuous, including
Stations 1—5 in June 1978 with reduction to Station 3 only in March 1979.

Baetis L, and L; showed contrasting distribution patterns (Fig. 19). In 1976
Baetis L, L, were found at Stations 4 and 5 but in 1978—79 the distribution of
Baetis L was discontinuous, individuals occurring only at Stations 2 and 5, being
restricted to the former in March 1979 and the latter in June 1978. Baetis L, did
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not show significant changes in abundance between 1976 and 1978—79. By contrast,
Baetis L; was considerably more abundant in the later survey when it was recorded
from Stations 3 to 5. However it was not found in the river in March 1979.

Baetis Ly was a relatively widely distributed species and was found at Stations
3—5b in 1976 as well as Station 2 in 1978—79 (Fig. 20). In December 1978 and
March 1979 the distribution of Baetis Lg was discontinuous and these animals were
not recorded from Station 4. Overall, however, Baetis L3 was more numerous in
1978—79 than in 1976.

Baetid nymphs of the genus Psesdocloeon were common in the Lam Tsuen
River. Psendocloeon Ls occurred at Stations 3 and 5b in 1976 and its distribution
was similarly discontinuous in 1978—79 (Fig. 20); no individuals were found in
March 1979. Psendocloeon L, was only recorded from Station 5b in 1976 and
Station 5 in June 1978. The abundance of Psexdocloeon L; and Ly in 1978—79 was
greater than that recorded in the earlier survey although the magnitude of the
increase was less than that noted for Baetis Lg, L; and cf. T;. By contrast,
Pseudocloeon T1 and T, showed little change in abundance between 1976 and 1978—
79 (Fig.21). In 1976 Psexdocloeon Ty was found at Stations 1, 3 and 4 but through-
out 1978—79 was restricted to Stations 1 and 2. Psexdocloeon T, was more widely
distributed occurring continuously between Stations 1 and 5 in 1976 but dis-
continuously in 1978. In common with Baetis L; and Pseudocloeon L, and L,
Pseudocloeon T was not recorded from the Lam Tsuen River in March 1979.

It is clear that a change of the distribution and abundance of various species of
Baetidae in the Lam Tsuen River took place between 1976 and 1978. Upon compar-
ing the distribution and abundance of the family as a whole in November 1976 and
December 1978 (Fig.22) a general picture of increased abundance at all sites except
Stations 4 and 6 can be seen. No baetid nymphs were found at Station 6 in the later

survey.
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November 1976 and December 1978.
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Numbers of heptageniid mayflies in the Lam Tsuen River were generally
greater in 197879 although there was a reduction in species range in the later
survey (Fig. 23). Epeorus spp. were restricted to Stations 1 and 2 in 1978—79 but
also occurred at station 3 in 1976. Similar reductions in the incidence of Ecdyonurus
T and T, were noted. Leptophlebiids were more widespread in the river than
heptageniids but their range and abundance was reduced in 1978—79 when they
were only recorded at Stations 1-3 (Fig. 24). By contrast, leptophlebiid nymphs
were present throughout the river system in 1976. During both surveys Isca sp. and
Choroterpes T, occurred at Station 1 with some records from Station 3. Choroterpes
(Euthranlus) L; was found at Station 3 on all occasions in 1978 but in 1976 was
widely distributed throughout the middle and lower course of the river. In common
with some Baetidae, Choroterpes (Euthranlus) L, was not recorded in March 1979.

In 1976 ephemerellid nymphs were found at Stations 15 (Fig.25). The species
concerned were Ephemerella T, at Stations 1—4, and Ephemerella L; which
occurred at Stations 3, 4 and 5. In 1978—79, however, the range and abundance of
these animals was restricted. Ephemerella Ly was recorded only from Station 3 in
September 1978 whilst Epbemerella T, was confined to Stations 1 and 2. A third
species, Ephemerella Ty, was recorded in small numbers at Station 1 and had not
been collected in 1976. This animals was rather rare and its absence from the earlier
survey may have been a chance occurrence.
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The Caenidae were numerous in the Lam Tsuen River and in combination with
the Baetidae comprised the majority of the ephemeropteran populations investigated
during this study. Caenids occurred throughout the river in 1976 and at Stations
1-5 in December 1978 (Fig. 26). Caenis T; showed a general range restriction in
1978 ~79 occurring at Stations 2, 3 and 4 in June 1978 but only at Station 1 in March
1979. However, there were no marked changes in overall range and abundance of
Caenis T; between the two surveys. By contrast, the numbers of Caenis T,
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decreased in 1978—79, reflecting a restriction in species distribution. Caenis T,
occurred at Stations 1—5 in 1976 but in 1978—79 was generally restricted to the
upper course. Only in September 1978 was this species recorded more widely when
it had colonized Stations 1—4.

Caenis 1, was recorded from Stations 3—6 in 1976 but was absent from the
lowest site in 1978—79 (Fig. 27). In addition, this species was eliminated from
Stations 4 and 5 in March 1979, occurring only at Stations 3 and 5 in December
1978. In summer 1978, Caenis L, abundance was comparable to that in 1976
although subsequent range restrictions resulted in a fall in overall numbers.
Caenis Ly showed a similar distribution pattern to Caenis L, and was restricted to
Station 3 in March 1979. At other times in 1978—79, Caenis L; was more numerous
than in 1976, despite elimination from Station 6.

(IV) Odonata

The libelluid Zygonyx iris (KIRBY) was widespread in the Lam Tsuen River
and was recorded from Stations 1—5 in 1976 (Fig.28). This species was slightly more
abundant in 1978—79 despite being less widely distributed in the lower course of the
river. All other benthic odonates were gomphids and occurred throughout much
- of the river system. The most numerous of these, Onchogomphus T, was recorded
at Stations 1—5 although only occurring simultaneously at all sites in September
1978. Heliogomphus sinicus Cuao and Ictinogomphus pertinax (SELYs) were
restricted to the upper and lower sections of the river respectively.

(V) Plecoptera

Plecopterans are an important group in lotic habitats as a result of the
predatory behaviour of many nymphal Perlidae (PENNAK 1978). Most plecopterans
found in the Lam Tsuen River were perlids, and these animals were restricted to the
upper reaches in 1976 and 1978—79 (Fig. 29). In common with Heptageniidae,
plecopteran abundance at these sites was greater during the later survey.

(VI) Trichoptera

Rather few species of Trichoptera were found in the Lam Tsuen River in spite
of the diversity of niches adopted by nearctic members of this order (WiGGINs &
Macxkay 1979). Filter-feeding taxa were most abundant and, of these, the Hydro-
psychidae were numerically dominant. The numbers of hydropsychid larvae in the
river showed a dramatic increase between 1976 and 1978—79 with population
densities increasing at all sites except Station 4. The distribution of these animals
did not change significantly, extending downstream to Station 5b in 1976 and
Station 5 in the later survey (Fig. 30). Most Hydropsyche spp. were restricted to
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the upper course of the river in 1978 (Hydropsyche T,, T, and L) although
Hydropsyche L, was recorded at Stations 3 and 4 and Hydropsyche L, occurred
at Stations 1, 3, 4 and 5 (Fig. 31). Hydropsyche L, was generally more abundant
in the river in 1978—79 but Hydropsyche L, was more numerous in 1976. The latter
species was not collected in June 1978 or March 1979 and its distribution was
discontinous, including Stations 1, 3 and 4 in 1978 as well as Station 5b in 1976.

Species of the genus Cheumatopsyche were generally found further down-
stream than Hydropsyche larvae. For example Cheumatopsyche L, and L, occurred
at Stations 1, 2, 3 and 5 and 1, 3 and 5 (respectively) in 1978 and at Station 5 in 1976
(Fig.30). This is in contrast to the dominance of upstream sites by Hydropsyche spp.
in the later study. However, as was the case for Hydropsyche L,, both Cheumato-
psyche L, and L, were not collected in June 1978 and March 1979.

Cheumatopsyche L, was found in the river on all visits and tended to inhabit
the middle and lower course (Fig. 31), although it was restricted to Station 2 in
March 1979. Overall, this species was more abundant in 1978 than in 1976 and, in
combination with Hydropsyche L,, Cheumatopsyche L, was responsible for the
observed increase in hydropsychids in the Lam Tsuen River during the later survey
(Fig. 30).
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Fig. 31. The distribution and abundance of Hydropsyche L,, Hydropsycbe L, and Cheumato-
psyche L, (Trichoptera: Hydropsychidae) in the Lam Tsuen River in 1976 and 1978-79.

(VII) Diptera

Dipteran larvae were abundant in the study area, and filter-feeding Simuliidae
were especially widespread occurring at all sites except Station 6 in 1976 and 1978—
79 (Fig.32). The numbers of these larvae in the river increased considerably between
the two surveys, especially at Stations 3 and 5. Simaulium T, (D) and Simulium T,
were found largely in the upper course of the river. Simulium T, was less common
and restricted to Station 1; neither species was recorded in September 1978 or March
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Fig. 32. The distribution and abundance of larval Simuliidae (Diptera) in the Lam Tsuen River
in November 1976 and December 1978. Also shown is the distribution and abundance of
Simulium Ty, Simulium T, (D), Stmulium L; and Simaulium L, in 1976 and 1978—79.
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1979. Simulium L; extended its range from Stations 2, 4, 5 and 5b in 1976 to Stations
1-5 in 1978—79, Simulium L, was found at Stations 1—5 in the later survey
although it was not collected from Station 1 in 1976. Both of these species increased
in abundance over the study period.

The other major group of dipteran larvae in the Lam Tsuen River were
Chironomidae. Their taxonomy in Asia is poorly known and consequently in this
study these larvae were assigned to trophic groups; the Tanypodinae (carnivores)
and the rest of the Chironomidae (omnivores or detritivores). The latter grouping
comprised mainly Chironominae. In 1976 and 1978—79 Chironomidae were found
at all sites in the river (Fig.33) and there was no significant alteration of distribution
pattern with season. However, a very large increase in chironomid numbers took
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Fig. 33. The distribution and abundance of larval Chironomidae (excluding Tanypodinae) and
Tanypodinae (Diptera: Chironomidae) in the Lam Tsuen River in November 1976 and
December 1978.

place between 1976 and 1978. The magnitude of this increase was particularly
noticeable at Stations 3 (72 fold) and 5 (76 fold). The smallest increase was seen at
Station 6 where Chironomus cf. plumosus L. (Chironominae) comprised 63 % of the
Chironomidae in 1976 and 80% in 1978. By contrast the Tanypodinae were
(excepting Station 1) slightly less numerous in 1978 and were eliminated from
Station 6. As a result of decreased Tanypodinae and increases in other Chironomi-
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dae, the ratio of Tanypodinae to Chironomidae in 1978 tended to decrease with
increasing distance from upstream sites.

(VIII) Coleoptera

The Elmidae and Psephenidae were the most abundant coleopteran larvae in
the Lam Tsuen River. In 1976, psephenids were found at Stations 1 —4 (Fig.34) but
in 197879 were restricted to the two uppermost stations. Elmidae were collected
from all sites except Station 5b in 1976, but were subsequently recorded only from
Stations 1, 2 and 3. The abundance of both groups at Stations 1 and 2 was greater
in 1978. In 1976 a downstream succession of psephenids was observed with
Eubrianax sp. at Station 1, Psepbenus sp. at Stations 1—3, and Psepbenoides sp.
at Stations 3 and 4. The latter species was not collected in 1978—79. Elmid distribu-
tion patterns were less well defined. Elmidae genus indet. Ty was restricted to
Stations 1 and 2 in 1978—79 but was also recorded at Station 3 in 1976. Elmidae
genus indet. T, was found at Stations 1 and 2 in September 1978 and March 1979
but was also found at Station 3 in December 1978 and Station 5 in June 1978. This
~ taxon occurred at Stations 2, 4 and 5 in 1976. Three other elmids were found in the
study area (cf. Zaitzevia sp., cf. Limnius sp. and Stenelmis T;) but they were
comparatively scarce and showed discontinuous distribution patterns. Overall,
“elmids were more widely distributed in the Lam Tsuen River in 1976.

(IX) Filter-feeding insects

A general increase in the numbers of Hydropsychidae and Simuliidae was
noted in the Lam Tsuen River between 1976 and 1978—79 (Figs. 30 and 32).
Consequently, an examination of variations in the distribution, abundance and
composition of the filter-feeding component of the insect macrobenthos of the river
system was undertaken. It was hoped to demonstrate whether increased numbers
of simuliids and hydropsychids represented a general increase in filter-feeding taxa
or an increase in those two groups at the expense of other species populations. Four
families of filter-feeders were indentified: Hydropsychidae, Philopotamidae, Poly-
centropidae (Trichoptera) and Simuliidae (Diptera). In 1978—79 three or four
families were recorded from Stations 1 and 2 whilst only Hydropsychidae and
Simuliidae occurred further downstream (Fig.35). On June 1978 and March 1979
the lowest site where any filter-feeders occurred (Stations 5 and 4 respectively) was
inhabited by simuliids only. In 1976 there were no filter-feeders at Stations 6, and
simuliids and hydropsychids dominated at Stations 3—5b. Philopotamidae, which
were recorded at Station 3 in the initial survey, were not collected at this site in
1978—79. At Stations 3, 4 and 5 Simuliidae were always the most numerous filter-
feeders during 1978—79 except in September 1978 when Hydropsychidae, part-
icularly early instar larvae, were more common. A similar pattern was seen in 1976
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when simuliids dominated at Stations 4, 5 and 5b although not at Station 3. In the
later survey, simuliids and philopotamids were common at Station 1, with poly-
centropids being the least abundant filter-feeders. By contrast, hydropsychids
dominated at Station 2 in December 1978 and March 1979 and polycentropids were
more numerous at this site than at Station 1. The situation was reversed in 1976 with
simuliids dominant at Station 2 and hydropsychids more abundant at Station 1
(Fig. 35). Filter-feeders were generally more numerous in the Lam Tsuen River in
1978—79 although the filter-feeding assemblage was generally less diverse in the
middle and lower course of the river, as shown by, for example, the elimination of
philopotamids at Station 3. Overall, the general increase in filter-feeders reflected
higher population densities of hydropsychids and simuliids although only certain
species within these taxa were favoured by conditions prevailing in 1978—79 (see
Figs. 30—32).

It should be noted that no attempt was made to estimate the importance of
chironomid larvae as filter-feeders in this study as these animals can adopt grazing or
suspension feeding modes of life according to microhabitat conditions (McLAcHLAN
1977).

C. Sediments

Substrate characteristics showed marked downstream variations and seasonal
changes. Mean particle size and sediment sorting tended to decrease downstream
(Figs. 36 and 37) as a result of increased proportions of smaller particles in the
middle and lower course of the river. This increase tended to make the substrate
better sorted by comparison with upstream reaches where the sediments comprised
mainly coarse particles. By contrast with mean particle size and sorting, skewness
and kurtosis showed general downstream increases (Figs. 36 and 37) as the fine
“tails” of the sediments increased (thereby increasing skewness) and the “peaked-
ness” of the particle size distribution was reduced (causing kurtosis values to
approach 1.00). The downstream decrease in mean particle size and sorting was
altered seasonally as a result of increased river discharge volume in the summer wet
season. This scoured fine sediments from the middle reaches of the river causing
mean particle size and sorting to increase at Station 4 in September 1978 (Fig. 36).
With decreasing discharge volume in December 1978 through March 1979, a return
to the general pattern of downstream decreases in these parameters was observed
(Fig. 37). ’

Some variations from trends mentioned above were seen at Station 6 reflecting
periodic inflation and deflation of a fabri dam immediately upstream of this site
(just below Station 5b) which altered discharge volumes and thus patterns of erosion
and deposition of river sediments. Overall, the sediments of the Lam Tsuen River
were fairly coarse, positively skewed and leptokurtic due to the subordinance of the
fine particle fractions.
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Fig. 36. Mean grain size, sorting, skewness and kurtosis of sediments collected from six
stations along the Lam Tsuen River on 30 June 1978 and 20 September 1978.

There was a general tendency for the percentage of organic matter in the river
sediments to increase with decreasing particle size and thus the smallest grain sizes
(>4 © or <63 um) were the richest in organic material (Fig. 38). Superimposed
upon this pattern was a slight downstream trend towards increased amounts of
sedimentary organic matter (especially at Stations 4, 5 and 6) which was most
marked in the smaller particle sizes. In addition, seasonal changes were apparent,
with organic matter increasing in the absence of high discharge volumes. For
example, percentages of organic matter were relatively low in June and September
1978, reflecting the effects of the wet season, when compared with those during
the remainder of 1978—79. Conversely, the highest values were recorded in March
1979 after a prolonged period without rainfall. At this time downstream increases
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in sedimentary organics were least noticeable as a result of accumulations of this
material in substrates at all sites.
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Fig. 38. The percentage of organic matter in eight particle size classes of sediments collected
from six stations along the Lam Tsuen River on four occasions during 1978—79.

Discussion

The original condition of the waters of the Lam Tsuen River (prior to extensive
settlement and cultivation of the valley) are not known. But, on the basis of available
information on freshwater habitats in Hong Kong (e.g. DunpGeoN 19823a) and data
on the hydrology of the upper reaches of the river, as well as the geology of the
drainage basin, an estimate of the original situation can be made. The waters were
probably slightly acidic and soft with low hardness levels but rich in dissolved
silicates. It is likely that nitrogen and phosphorus compounds were present in small
concentrations and low levels of most ions would produce low conductivity values.
GoLTERMAN (1975) has discussed the relationship between phosphate and silicate
ions in inland waters, recording that an average silicate/phosphate ratio of 110 can
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be computed. This relationship is based on the assumption that phosphate is eroded
In a constant ratio to silicate and thus this value can be used to estimate natural
phosphate loading, in contrast to that arising from human impact. Assuming that
the concentration of silicates in the Lam Tsuen River in 1976 was not greatly
different from the amounts present in the undisturbed drainage basin (which is
reasonable as cultivation of the river valley would be unlikely to induce long-term
rises in dissolved silicates), then the original phosphate levels can be calculated. On
this basis, Station 2 would have experienced mean phosphate concentrations of
0.064 mg/] and Stations 3, 5b and 6 mean concentrations of 0.065, 0.066 and 0.163
mg/l respectively. The large variation between the latter two sites may reflect the
fact that the original silicate analyses were undertaken by workers in different
laboratories (Table 2).

On the basis of the computed values for “original” Lam Tsuen River water
phosphate concentrations and actual phosphate levels in 1976 (Table 2), it is
apparent that by 1976 Stations 1 and 2 showed no signs of organic enrichment,
whereas at Station 3 there were indications of the presence of small amounts of
additional nutrient. Sites further downstream showed amounts of phosphate in
excess of naturally expected levels. Thus in 1976 the distribution of benthic macro-
invertebrates may have been influenced by the presence of excess dissolved
nutrients. Downstream increases in nutrients are not generally characteristic of
running waters although they can occur in streams fed by melt-water (SLack et al.
1979) or those which flow through valleys composed of readily soluble rocks. On
the contrary, the tendency for undisturbed catchments to conserve nutrients
(BriNsON 1977; Vrrousek 1977; Gosz 1978) would probably lead to a downstream |
dilution of dissolved substances, a trend which would be magnified by the decrease
in input area (i.e. the river bed and banks) in relation to the increasing size and
volume of the lotic habitat. Additionally the input of extra water from tributaries
may further dilute the mainstream (GoLTERMAN 1975). Studies of rivers showing
apparently natural downstream increases in dissolved material (BisHor 1973;
GOLTERMAN 1975) as well as those showing no significant change (PETR 1977) are
present in the literature. Such changes are rarely of great magnitude and it is unlikely
that the downstream increase in nutrient concentrations in the Lam Tsuen River in
1976 were wholly of natural origin.

Significantly, the use of GOLTERMAN’s method of ratios to calculate phosphate
levels from known silicate concentrations in Tai Po Kau Forest Stream (which is
situated in an undisturbed watershed) in Hong Kong, yields a value of 0.16 mg/l
of phosphate which is quite close to the actual mean value of 0.10 mg/l recorded
between May 1977 and May 1979 (DupGEoN 1982a). Allowing for some variation
around the value of the ratio (as suggested by GoLTERMAN 1975), the agreement
between observed and expected values is surprisingly good, thereby giving support
to the use of theoretically calculated phosphate concentrations to characterize the
“natural” hydrology of the Lam Tsuen River.
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The observed increases in Lam Tsuen River nutrients in 1978—79 when

compared to 1976 reflect increased cultural eutrophication of the river waters.
Although the hydrology of Stations 1 and 2 differed only slightly from conditions
expected in the undisturbed river (phosphate concentrations at Station 1 were
similar to the calculated value obtained using the lower deviation from the mean of
GOLTERMAN’s ratio), there was a trend for nutrient levels at Station 2 to exceed
those upstream. However, this trend was insignificant when compared with the
magnitude of the downstream change between Stations 2 and 3 and the high nutrient
levels recorded in the middle and lower course of the river. The downstream change
in mean nutrient concentrations between Stations 1 and 6 in 1978—79 was sub-
stantial, 22.78, 10.45 and 56.33 fold for phosphate, nitrates and nitrites respectively.
The maximum downstream change in nitrate concentrations (14.67 fold) occurred
between Stations 1 and 5, and a drop in nitrates was recorded at Station 6. This was
not regularly associated with a concommitant nitrite increase despite low oxygen
tensions at Station 6, and it is possible that the disappearance of nitrate was
associated with the activity of aquatic macrophytes at this site. The most abundant
of these, Eichhornia crassipes, is known to actively remove nitrogen salts from the
water column and takes up nitrogen from solution twice as quickly as phosphorus
(CorNWELL et al. 1977). Significantly the growth of E. crassipes is enhanced by high
phosphate concentrations (WipYANTO 1976) and thus this nutrient may indirectly
increase the uptake of nitrogen compounds at Station 6.
" In contrast to the dramatic downstream increases in nutrient concentrations
in the later survey, changes in pH, conductivity, water temperature and dissolved
oxygen were slight and of similar magnitude in 1976 and during 1978—79. pH
decreased downstream and was accompanied by increased conductivity. Both
parameters showed only small changes possibly indicating that aside from nitrogen
and phosphorus compounds there were few other dissolved ions present. Down-
stream changes in water temperature were slight but the upstream stations tended
to be cooler. This trend was reduced in winter when little variation between stations
was noted. Similar findings have been recorded for a river in northern England
(BooN & Suires 1976). Downstream increases in water temperature were also
noted by Hynes & WiLrLiams (1962) and PeTR (1977) in East African rivers, the
magnitude of these changes varying according to altitudinal differences between
sites. Indeed, the small height difference between Stations 1 and 6 may account for
the rather minor temperature differences along the Lam Tsuen River.

In 1976 and 1978—79 oxygen concentrations decreased downstream. The
largest drop was recorded between Stations 5 and 6, oxygen concentrations never
falling below 7.2 mg/l at Station 5. The shallow and swiftly flowing river waters
would enhance oxygenation and the presence of Hydrilla verticillata in the middle
and lower reaches would contribute oxygen to the water during daylight. Low
oxygen levels at Station 6 reflect slow water flow and decreased turbulence at this
site, as well as the large beds of Eichhornia crassipes which sometimes covered over
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90% of the water surface and would tend reduce gaseous exchange (McLAcHLAN
1969; Rar & MunsHI 1979).

B.O.D. values in 1978—79 were high at Stations 4, 5 and 6, and were on
average 5.5 fold higher at Station 3 than those recorded upstream. Mean values from
Stations 1, 2 and 3 were little different from those in 1976. B.O.D. showed a
marked rise at Station 6 in the later study (an average increase of 4.6 fold) and this is
in keeping with increased use of the river for agricultural waste disposal as reflected
by changing nutrient loads. Further evidence of the input of materials from the sur-
rounding terrestrial landscape can be seen from variations in seston composition
and abundance. Seston loads increased from the headwaters to the lower course
probably reflecting greater run-off from disturbed (agricultural) lands (Virousex
1977). Peaks in seston loads were seen at Station 4 although Station 5 also showed
heavy loads. Quantities of seston were generally slightly lower at Station 6
reflecting reduced current speeds and the trapping of suspended material on the
dangling roots of Eichhornia crassipes. Downstream increases in seston have been
recorded by CautTeER (1963) and BisHor (1973) and may indicate a general
characteristic of running waters which is emphasized in habitats affected by the
activities of man (e.g. ALLANSON 1961; BraDT 1978). The percentage of suspended
organic matter showed quite small changes along the river, mean values varying
from 57.57% at Station 1 to 64.34% at Station 6. The higher values in the lower
course were probably due to the inputs of particulates rich in organic matter from
riverside farms and settlements.

Microscopic examination showed that seston composition changed along the
river. The bulk of suspended material at Station 1 consisted of diatoms or was
derived from the breakdown of terrestrial plants. By contrast, at Station 6 much
of the seston comprised algal (Chlorophyta) unicells, filamentous algae and aquatic
macrophyte tissue. Although the relative proportions of the main categories at
Stations 1 and 6 varied somewhat with season, there was a constancy in general
seston composition. Elsewhere in the river animal derived detritus and unidentified
detritus were important seston components. The latter was particularly significant
at Station 4 where it made up almost the entire suspended load. This unidentifiable
material was different from the detrital aggregates collected at Stations 1 and 2 and
although impossible to characterize precisely probably comprised pig and fowl
faeces combined with farmyard washings. This suggestion gains support from the
association of such detritus in the river with materials such as feathers which were
clearly derived from domestic animals, as well as the presence of livestock in the
neighbourhood of sites where unidentified detritus was a major seston component
(Stations 3, 4 and 5). Significantly, in March 1979 this material comprised over 80%
of the seston at Station 4 where a section of the river upstream of the sampling site
was used for duck farming. At Station 5 the effects of agricultural activity were
less apparent and the water was clearer. Here the sediments were covered with



Hydrobiology of the Lam Tsuen River 105

filamentous algae and small areas of Hydrilla verticillata; the increased proportions
of algae and macrophyte tissue in the seston reflect this change.

Considering the hydrology of the Lam Tsuen River over 1978—79 as a whole
(Table 3), a general downstream increase in nutrients, B.O.D.s and seston can be
seen, hydrology at Station 1 (and probably Station 2) indicating “natural” head-
water conditions. In general, increased nutrients, B.O.D.s and seston loads in the
middle and lower course of the river can be related to agricultural activities in the
surrounding valley and the magnification of downstream nutrient increases when
compared to 1976 undoubtably relate to increased settlement and agricultural
activity in the surrounding terrestrial environment.

Although samples from the Lam Tsuen River were collected on only four
occasions in 1978—79, they were timed so as to include the range of flow and
discharge conditions prevailing in the study area. There were no significant seasonal
influences on pH, conductivity or oxygen tension in the river. However, seasonal
differences in phosphate concentrations were seen with the lowest values recorded
in June 1978 (soon after the onset of summer rains), when the difference between
concentrations in headwaters and lower reaches was least. The low concentrations
in June could be related to spates caused by summer rains which would tend to
“flush out” accumulated nutrients. In September 1978 (towards the end of the wet
season) phosphate concentrations were higher and showed a regular downstream
increase indicating a relatively constant rate of phosphate input throughout the river
system. This may reflect the leaching of phosphates from agricultural land
(OsBORNE et al. 1980; WenDT & CoRrEY 1980) which are more extensive in down-
stream areas. Although the late summer rains are less intense than those falling in
June and July, they fall on soil “well wetted” by the earlier summer precipitation
and in such conditions phosphates which are normally chemically bound in the soil
(NELsON 1970) are able to percolate into the river.

A general increase in phosphate levels in the middle and lower course of the
river during December 1978 and March 1979 was the result of concentration of
nutrient inputs within the small volumes of water flowing in the dry season. This
trend was particularly marked at Station 3, phosphate inputs coming from a chicken
and a pig farm near to the river. High levels at Station 4 were maintained by a duck
farm. Significantly, FisH (1969) has recorded that elevated phosphate concentrations
are indicative of the input of faecal matter. Increased phosphates enhanced the
growth of Sphaerotilus which was common in the river at Station 4 and present at
Stations 3 and 5 in March 1979.

Nitrate concentrations generally increased downstream. In June 1978, nitrates
exceeded nitrites at all sites, high nitrate concentrations possibly resulting from
the wash-off of fertilizers into the river. Additionally, nitrification processes vary
with current velocity (ALLANSON 1969) and the spates occurring in June may have
enhanced conditions for the oxidation of nitrites to nitrates. Nitrates are fairly easily
leached from soils and thus an early summer (June) peak in concentrations was
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followed by lower values in the river as a whole towards the end of the wet season
(September). Decreased discharge increased the magnitude of downstream increases
in nitrates in December 1978 as water percolating through the soil into the river, or
entering through surface run-off, would contain well oxidized nitrogen salts derived
from organic and inorganic fertilizers which had lain on agricultural land during
the dry autumn thus receiving a relatively long exposure to air. In March 1979, most
of the nitrates and nitrites in the river were probably a result of direct input from
farms and riverside dwellings as the lack of rain in the winter would reduce surface
and sub-surface run-off and percolation. Consequently, nitrates and nitrites
occurred in almost equal proportions in March as wastes from farms and dwellings
would be in a variety of oxidation states. Significantly, at Stations 1 and 2, which
were not generally affected by the input of nutrients nitrates were always in excess
of nitrites. Increased nitrate concentrations at these two sites in March probably
reflected the reduced volume of water flowing in the river.

The wash-off of organic material from the surrounding agricultural lands in the
Lam Tsuen Valley during the summer rains caused elevated B.O.D. values in June
1978. However, low B.O.D. values at Station 3 in June and September 1978
coincided with low phosphate concentrations and, although other explanations are
possible, it is conceivable a lack of phosphates may limit biological oxygen demand.
This premise gains support from the increased B.O.D. values at Station 3 in
December 1978 and March 1979 when phosphate concentrations were high.
Greatest B.O.D. values were recorded at all sites in March when the river volume
was least and nutrient loads were high. '

Hynes (1960) cites B.O.D.; values of 1—2 mg/l or less as indicative of
clean water, 4—7 mg/! for slight to moderate pollution. On this basis, in 1978—79
Stations 1 and 2 were clean, Stations 4, 5 and 6 were severely polluted, and Station 3
varied between slight pollution in June and September and severe pollution at other
times. Such changes in pollution status can be related to rainfall and the con-
comitant variation in river discharge volume.

Seasonal variations in seston composition can be seen from the decrease in
seston organic matter (by a factor of about 30%) during periods of high flow in June
and December 1978. During the summer the carrying capacity of the river is
increased due to large volumes of swiftly flowing water; additionally, soil particles
washed into the river by surface run-off will increase the inorganic load. By
contrast, December and March were characterized by a seston rich in organic matter
because the reduced discharge volume of the river had little power for the transport
of dense inorganic particles.

The overall effects of changes in river discharge volume were most apparent
at Station 3. In June and September 1978, water quality resembled that prevailing at
Stations 1 and 2; in December 1978 and March 1979 conditions were more similar
to those in the polluted reaches represented by Station 4 and 5. There was a tendency
for the polluted section of the river to extend upstream during the autumn and
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winter, the river as a whole being “flushed out” by summer rains thereby shifting
the polluted region downstream. Against this background, the seasonal and longer
term (1976—78) changes in distribution of macroinvertebrates can be discussed.

Many freshwater biologists have noted that lotic faunal communities display
patterns of longitudinal zonation (HynEs 1970; HawkEes 1975), and there have been
numerous attempts to classify rivers by dividing their courses into zones with
characteristic faunas. Unfortunately such schemes are unlikely to be applicable out-
side the regions within which they were formulated and a more general approach
was proposed by ILL1Es (1961) which divides rivers into two zones — the upstream
rithron, and the downstream potamon. Families of invertebrates characterizing
rithron and potamon zones have been listed by BayLy & WirLiams (1973) and
Hawkes (1975).

Findings of the 1976 survey of the Lam Tsuen River are the only information
on the longitudinal distribution of macrobenthos in a river in Hong Kong. Although
the hydrology showed signs of modification from “natural” conditions, there is
evidence that in mildly polluted habitats the natural downstream transition of faunal
associations is not greatly altered although inputs of pollutant may cause some
marked discontinuities between biocoenoces (ILLiEs 1961; THoRrUP 1966). This
contrasts with the general downstream transition of the biota seen in unpolluted
rivers (MAITLAND 1966) but, in the absence of other information, the distribution
of the Lam Tsuen River macrobenthos in 1976 was considered on the basis of how
it fits into the general scheme of the rithron-potamon classification of lotic habitats.
It should be emphasized that division of the Lam Tsuen River into rithron and
potamon regions follows the methodology of BisHop (1973) who found that rigid
application of temperature criteria, as used by ILLIES (1961) to define rithron and
potamon, is inadequate in the tropics. Instead the rithron was characterized on the
basis of its physical character and the presence of specialized torrent fauna (e. g.
Hora 1930; Ross 1956). Bisuor (1973) suggested a mean temperature of approx-
imately 25°C or less as characterizing the rithron, and higher temperatures as
indicative of tropical potamon regions. On such bases, Stations 1 and 2 can be said
to represent rithron, the potamon including Stations 4, 5 and 6. Station 3 occupies
an intermediate position but is physically and topographically akin to the latter
grouping.

In 1976, the number of taxa and diversity of benthic macroinvertebrates
decreased in a downstream direction. By contrast, MiNsHALL (1970) and Srack et
al. (1979) state that the number of species in a river increases as one passes from the
headwaters to the mouth. In the Lam Tsuen River downstream increases in
nutrients could cause a reduction in benthic diversity (PATRICK 1954; PATRICK et al.
1954; WiLum 1970a). However, taxa associated with the roots of floating Eich-
bornia crassipes and trailing riparian vegetation were not sampled; undoubtably
these would have contributed to lower course diversity in the Lam Tsuen River. A
possible cause of downstream decreases in numbers of benthic taxa is silt deposition
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which would clog interstitial pore spaces and tend to reduce the complexity of the
substrate habitat (BisHop 1973; DupceoN 1982¢). Indeed, the detrimental effects
of silting on macrobenthic community diversity are well known (CHUTTER 1969;
LeUDTKE et al. 1976; WrrTE 1977; WiLLiaMs & MUNDIE 1979) and may have had
an effect on the Lam Tsuen River benthos. There was no obvious correlation of
benthic faunal abundance with the number of taxa present at each site in 1976. This
reflects the tendency of certain macroinvertebrates to become more numerous and
fill niches vacated by other species which are unable to survive under prevailing
conditions. (PaTrick 1954; CaIrNs 1974; WiLam 1975).

The distribution of individual taxa along the river in 1976 was rarely continu-
ous and few taxa occurred at all sites. Benthic crustaceans were represented by
Ostracoda which showed discontinuous distribution patterns. Less common were
the decapods Macrobrachium hainanense (Parist) (Palaemonidae), Caridina lancei-
frons Yu and Neocaridina serrata (STiMpsoN) (Atyidae), and Potamon sp. (Pota-
monidae) all of which were usually associated with trailing roots and fronds of
riparian vegetation.

Immature insects dominated the macrobenthos of the Lam Tsuen River and
Ephemeroptera were particularly well represented by 30 taxa. 31 ephemeropteran
taxa have been recorded from Tai Po Kau Forest Stream, Hong Kong (DupcEon
1981); 10 of these did not occur in the Lam Tsuen River. These totals are similar
to 44 mayfly species collected by Bistop (1973) in the Sungai Gombak, Malaysia,
and 42 noted by Sowa (1975} in Polish Rivers. The totals of ULrsTRAND (1968) and
BAGGE & SaLMELA (1978) in Lapland and Finland respectively are somewhat lower.
Clearly, ephemeropteran diversity in the Lam Tsuen River is comparable to that of
other regions where downstream zonation of these animals has been observed (e.g.
Hynes 1961; MarTLAND 1966; WisE 1976; Towns 1979). Such distribution patterns
were noted for mayflies in the study area in 1976. Heptageniids were generally
restricted to the upper course. Epeorus, a torrent dwelling genus adapted to clinging
onto boulders (Hora 1930), was restricted to Stations 1 and 2 although one species
also occurred at Station 3. Ecdyonurus spp. were also found at Stations 13 although
Ecdyonurus T, occurred in small numbers at Station 5. Heptageniids could be
generally classified as rithron inhabitants and several studies indicate that they are
characteristic of stony streams and the upper course of rivers (Macan 1957;
HagrrisoN 1965; Bisuor 1973).

Baetidae were recorded throughout the study area in 1976 and were especially
common at Stations 3, 4 and 5 where lush growths of periphytic algae may have
served as an abundant food source (cf. BRowN 1961). Psexdocloeon T was most
abundant in the rithron but many taxa were potamon dwellers (Baetss cf. Ty, Ly, L,
and Lg) whilst others were collected throughout the river (Baetis Ty, T, Ty and Ts,
Pseudocloeon T,) or showed no obvious habitat preferences (Baetis T;, Pseudocloeon
T;). These distribution patterns may reflect ecological divergence within the
Baetidae and this suggestion gains support from species-specific patterns of baetid
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distribution recorded from a variety of rivers and streams (Macan 1957; Bisaor
1973; Wise 1976; Dupceon 1982b). Significantly, LiNpuska (1942) has shown that
different species of Baetis show varying responses to current velocity.

The Caenidae were favoured by conditions in the middle and lower course of
the Lam Tsuen River in 1976 and Caenis L; and L; were found only at Stations 3—6.
Conversely, Caenis T; and T, were more common in the middle and upper reaches
although caenid abundance was greatest in the middle and lower course. This
pattern of abundance can be accounted for by the unusual structure of the second
gill (which forms an operculum over the succeeding pairs) and the pattern of gill
beating (EastHAM 1932) which allow these insects to survive in silty habitats with-
out clogging of the respiratory surfaces. Such animals are clearly adapted to life in
the potamon and yet also occur (in smaller numbers) in the rithron region.

Ephemerellids were less numerous than the Caenidae or Baetidae. Downstream
reaches were occupied by Ephemerella L but, by contrast, Ephemerella T| was
restricted to Station 1 and Ephemerella T, occurred at Stations 1—4. Although
temperature effects on life-history patterns have been cited as a factor determining
the longitudinal zonation of ephemerellids in Japan (MrivaTa 1976), variations in
water temperature along the Lam Tsuen River were not sufficiently great to have
had such an effect. Clearly these animals cannot be described as restricted to either
- rithron or potamon habitats.

Leptophlebiid mayflies were represented by three taxa in the Lam Tsuen River
in 1976; five taxa were recorded from Tai Po Kau Forest Stream (DubpGeon 1981).
Choroterpes (Euthraunlus) L was found at Stations 3—6 and was replaced at Stations
1 and 2 by Choroterpes T, and Isca sp.

The restriction of Isca sp. to the upper course of the Lam Tsuen River results
from the tendency of such animals to occupy the central portion of the stream bed
where the currents are swiftest (DUuDGEON 1982b). This observation indicates that
Isca is a rheophilic taxon and Bisuor (1973) notes that this genus is generally
characteristic of headwater sites in Malaysia. Choroterpes (Euthranlus) L, was the
most numerous leptophlebiid in the river although was not collected in Tai Po Kau
Forest Stream. Significantly, several potamon dwelling species of Baetidae, Caenidae
and Ephemerellidae were not recorded from Tai Po Kau Forest Stream where the
trophic base appears to be allochthonous leaf litter (Dubgeon 19824d, 1983¢). By
contrast, periphytic algae was abundant in the unshaded middle and lower course
of the Lam Tsuen River in 1976 and may favour the proliferation of certain
herbivorous mayflies.

Any attempt to fit the distribution of Lam Tsuen River mayflies into the
rithron-potamon scheme of classification is confused by the range of habitats
occupied by the same or closely related genera. Heptageniidae were generally
restricted to the upper course of the Lam Tsuen River, thus supporting their status
as rithron inhabitants (BayLy & WirLiams 1973; Hawkes 1975). By contrast,
Baetidae and Caenidae occurred throughout the river and the classification of



110 Davip DubGeon

caenids as rithron inhabitants (Hawkes 1975) does not accurately reflect conditions
prevailing in the study area. Indeed, when the rithron-potamon classification is
applied to the Ephemeroptera of the Lam Tsuen River, observed distribution
patterns do not always follow those predicted by the system. Such divergence has
also been recorded in a Malaysian river (BistHop 1973). The index used to establish
habitat preferences for a particular taxon is of prime importance; in the case of
Leptophlebiidae and Ephemerellidae, different conclusions as to preferences for
rithron or potamon regions can be drawn according to whether the number of
species or abundance of individuals is used as a measuring unit. In this context, the
significance of high nutrient levels and algal standing stock in the middle and lower
course should be considered, as the availability of food would probably allow the
maintenance of artificially high mayfly population densities in such localities.

Although Odonata have sometimes been classified as potamon dwellers,
Euphea decorata SELYs (Eupheaidae) is restricted to upstream areas of lotic habitats
(cf. FurTADO 1969; Bisuor 1973) and this is also true of Heliogomphus sinicus in the
Lam Tsuen River. Ictinogomphbus pertinax inhabits the potamon of Lam Tsuen River
and lentic habitats in Hong Kong, whilst a third gomphid, Onchogomphus T/, was
widespread throughout the study area. The libelluid Zygorynx iris was also widely
distributed and is generally found clinging to rock surfaces (FurTaADO 1969).
Clearly, the Odonata as a whole cannot be fitted into any simple scheme describing
patterns of zonation.

Plecopterans were a relatively small component of the Lam Tsuen River
macrobenthos and only two families, the Perlidae and Nemouridae, were collected.
These animals were restricted to the upper reaches of the river and could be
considered as rithron inhabitants. A similar distribution pattern is recorded by
Towns (1979) who found that plecopterans were largely restricted to cool river
tributaries in New Zealand or were only common in mainstream areas during the
winter. Although the Nemouridae are generally regarded as rithron inhabitants
(HarrisoN 1965; BisHor 1973; Hawkes 1975), perlids are often classified as
potamon dwellers (HawkEs 1975) despite the fact that they may also occur in the
rithron (BisHor 1973). MATTLAND (1966) and KERsT & ANDERSON (1975) state that
there is a natural tendency towards downstream decreases in plecopteran diversity
in certain river systems, and RoBack (1974) records that stonefly nymphs are
sensitive to high B.O.D. and elevated nutrient levels. It is therefore possible that
the restriction of perlids to the rithron of the Lam Tsuen River in 1976 reflected
unfavourable water quality in downstream areas.

Trichoptera were common in the Lam Tsuen River and although only 24 taxa
were recorded (compared to 43 from Tai Po Kau Forest Stream), they were widely
distributed between Stations 1 and 5b. Certain taxa were restricted to the upper
reaches, including the Polycentropidae, Philopotamidae and some species of
Hydropsychidae, as well as the scarcer Rhyacophilidae, Glossosomatidae, Psycho-
myidae and Odontoceridae. Only Hydroptila sp. (Hydroptilidae) was exclusive to
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the potamon, and this is in accordance with Hawkes (1975) classification of
hydroptilid habitat preferences. The Rhyacophilidae and Philopotamidae are
considered as rithron inhabitants (HarRrisON 1965; Bayry & WiLLiams 1973;
Hawkes 1975) and this is supported by the research of Bisnor (1973) and Towns
(1979). Bayry & WiLLiams (1973) and Hawkes (1975) consider that Chimarra,
the commonest philopotamid genus in Hong Kong, should not be considered as
typical of rithron regions. Despite this, Chimarra spp. were found in the upper
course of the Lam Tsuen River and have been recorded from the headwaters of other
tropical rivers (HyNEs & WiLL1aMs 1962; BisHop 1973). The exclusion of this genus
from lists of rithron inhabitants by Hawkes and Bayry & WiLLiams is probably
related to the occurrence of Chimarra in tropical and warm-temperate rivers (Ross
1956) and indicates the futility of applying temperature as a criterion for defining
rithron and potamon reaches.

The Polycentropidae and Psychomyidae have been recorded as being most
common in the middle and lower course of rivers (e.g. BisHor 1973) in contrast
to their distribution in the study area. North American members of these families
lack tolerance for waters affected by organic enrichment (RoBack 1974), which
may account for their absence from the lower course of the Lam Tsuen River. How-
ever it is unclear why these animals should occur in the upper course of the study
area as well as in small, swiftly flowing hill-streams elsewhere in Hong Kong.

The Hydropsychidae were widely distributed within the Lam Tsuen River
although individual species were often restricted to one part of the course. The
tendency for hydropsychids to occur in a variety of conditions within a single river
has been recorded by Bisror (1973), HiLprew & EpINGTON (1979) and Towns
(1979). PuiLipsoN (1954, 1969) and EpingTon (1965, 1968) have noted that water
flow and oxygen concentration can affect the physiology and net-spinning activities
of these animals, thereby restricting some species to torrential localities and others
to less swiftly flowing waters. Due to their reliance on current for supplying food
and oxygen, hydropsychids were not recorded from Station 6 where the current
was rather sluggish. Overall, the Hydropsychidae were found in both the rithron
and potamon although individual species were usually associated with one or other
zone.

Most aquatic coleopteran larvae were confined to the upper or middle course
of the Lam Tsuen River in 1976. The Elmidae have been categorized as rithron
inhabitants (Bayry & WirLiams 1973; Hawkes 1975) and this is in broad agreement
with the findings of the present study. However, elmids were found in small
numbers in parts of the lower course of the Lam Tsuen River and this is in
accordance with the rather wide distribution recorded for elmids in other river
systems (Hynes 1961; BisHor 1973; Towns 1979). Helodidae and Psephenidae
were largely restricted to the upper course of the Lam Tsuen River which is in
agreement with the records of other workers (BayLy & WiLLiams 1973; Bisnor
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1973; Hawkes 1975; Towns 1979). Only Psephenoides sp. (Psephenidae) occurred
in significant numbers below the Lam Tsuen River rithron.

Chironomidae (Diptera) are ubiquitous inhabitants of lotic habitats and, at the
level of taxonomic resolution employed in the present study, showed no marked
discontinuities in their distribution within the Lam Tsuen River. Chironomus cf.
plumosus was, however, most abundant at Station 6 where relatively low dissolved
oxygen levels prevailed. The presence of haemoglobin in the haemocoel of
Chironomus spp. enables them to survive in conditions where other chironomids
would be caused respiratory stress (Ewer 1942); this capacity could account for
the dominance of Chironomus cf. plumosus at Station 6. There was a tendency for
the ratio of Tanypodinae/Chironomidae to decrease in a downstream direction.
Cultural eutrophication affecting the lower course of the river in 1976 allows
Chironominae, which are able to rapidly exploit the increased food supply, to
multiply (HynEs 1960; Bryce et al. 1978; Gower & Buckranp 1978). Such an
increase would account for the observed downstream change in the ratio between
these two chironomid trophic groups.

Simuliidae have frequently been classified as rithron dwellers (Harrison 1965;
Bayry & WiLLiams 1973; Hawkes 1975) but were collected from all but the lowest
Station in the Lam Tsuen River. Similar larval blackfly distribution patterns are
recorded by Bisrop (1973) and Towns (1979). Many factors can affect the distribu-
tion of Simuliidae, including temperature, current speed (ZAHAR 1951; PHILLIPSON
1956) and food availability (BisHop 1973; CARLsSON et al. 1979). It is not clear why
simuliids should be so widespread within the Lam Tsuen River, but increased food
availability as a result of mild eutrophication may have allowed these animals to
establish themselves in the potamon.

On the basis of a survey of the Lam Tsuen River in 1976, it is apparent that the
details of river zonation and classification schemes only apply on a regional or local
basis. The incidence of individual species possessing quite different distribution
patterns within a genus of family indicate that even closely related taxa respond
differently to a mosaic of environmental factors and it is unwise to state that all
species within a given taxon will occur in a similar type of river habitat. However,
there were general trends towards downstream changes in the composition of Lam
Tsuen River macroinvertebrate communities which indicate that the concept of
faunal zonation can be useful in a general descriptive way. Clearly, every river
should be properly regarded as a complex and individual example and MArTLAND
(1966) believes that the wide variety of organisms and interacting factors in rivers
will defy attempts at classification.

The effects of increasing land use in the Lam Tsuen Valley between 1976 and
1978 have been discussed above with respect to changing water quality. There were
also marked changes in the macrobenthic communities of the river, with diversity
declining between 1976 and 1978—79. Decreases in diversity were most apparent
at Stations 3—6, where there had been a significant deterioration in water quality.
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Only minor changes in the macrobenthos of Stations 1 and 2 were observed and may
have been the result of sampling variability.

At Stations 3 and 4 approximately 50% of the species present in 1976 were not
recorded in 1978—79. By contrast, population densities increased by an average
value of 15 fold. These changes were associated with elevated nutrient concentra-
tions, B.O.D. values and seston loads. Significantly, REGER & KEvENs (1981) state
that organic enrichment increases benthic standing crop and decreases diversity.
Increased macroinvertebrate abundance can result from a rise in food availability,
in the sediments (WARREN et al. 1964; BENNINGTON 1979) or in the water column
(GoprFreY 1978). Downstream increases in both sedimentary organic matter and
seston load were noted in the study area during 1978—79.

WiLam (1970a, 1970b) has stated that macrobenthos diversity (d) for a
particular habitat is indicative of the prevailing degree of pollution. In December
1978 and March 1979, Stations 3—6 had d values similar to those quoted by WiLaM
for rivers polluted by oil, brine, chlorides, acids and a variety of industrial waters.
In September 1978, diversity at Stations 3—6 was relatively high and in excess of
that recorded by WiLaMm in polluted habitats. Spates in the river resulting from
summer rains (June—September) increase drift rates of benthic taxa (e. g. WATERs
1972) thereby extending the downstream distribution of macroinvertebrate taxa
confined to the “clean” headwaters with high faunal diversity. In addition these
" spates “flush out” the river and cause an improvement in water quality thus allowing
“clean water” taxa to colonize the middle and lower course. For example, filter-
feeders, especially Hydropsychidae, were abundant at Stations 3—5 in September
1978 and the density of such animals at Station 4 was the highest recorded at any
time during this study. By contrast, in March 1979 Simuliidae were the only filter
feeders recorded at Station 4 and both hydropsychids and simuliids had been
eliminated from Station 5.

The responses of individual benthic taxa to deteriorations in the quality of
Lam Tsuen River water were rather variable. Large oligochaete populations were
found at Stations 4, 5 and 6 in 1978—79; these animals were not found in 1976.
Oligochaetes typify conditions of considerable organic enrichment (RicHARDSON
1925, 1928; HarrIisOoN 1958a; HyNEs 1960; BRYCE et al. 1978) and feed upon the
organic fraction of the sediments and associated microflora (BRINKHURST &
KennEDY 1965). Ostracods also increased in range and abundance in the study area
and were most numerous at Stations 3—6 where the effects of cultural eutrophica-
tion were observed. One ostracod taxon was found only in the later survey.
McCray (1978) records that ostracods consume detritus and microflora, and such
trophic “generalists”, like oligochaetes, are undoubtably favoured by eutrophication
and the concomitant increase in food supply. Gastropods were generally favoured
by eutrophication and increased in abundance and diversity in 1978—79 (DupGceonN
1983 b). Again food availability seemed an important factor and it is of interest that

8 Archiv f. Hydrobiologie, Suppl.-Bd. 69
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the exotic schistosome vector Biomphalaria straminea (DUNKER) (Planorbidae)
colonized the Lam Tsuen River in 1978.

While non-insectan elements of the macrobenthos were generally favoured by
increased organic enrichment, the responses of the insect taxa were widely varying.
Within the Baetidae, species found in upstream and middle reaches in 1976 (Baetis
Ty, Ty, Ts and Ty, Pseudocloeon T,) were confined to Stations 1 and 2 in 1978—79
with occasional records from Station 3 during the wet season. By contrast, species
found in the middle or lower course of the river in 1976 (Baetis Ls, cf. T, Lg, L; and
Lg, Pseudocloeon L,) were able to extend their previous range to include one or more
sites further upstream. However this extension was balanced by local extinctions in
the lower course when water quality was particularly poor (e.g. March 1979). Most
of the baetids in middle and lower course sites increased in abundance several fold
between 1976 and 197879, the increases reflecting maintenance of high population
densites probably as a result of greater food availability. Those baetids restricted to
upstream sites were generally less abundant in the river as a whole during the later
survey. Similar differential responses to pollution by closely related ephemeropteran
taxa have been noted by Harrison (1958a) and BrycE et al. (1978). Baetis and
Pseudocloeon inhabit waters of widely varying quality (RoBack 1974) and numerous
studies indicate that certain baetids are favoured by organic enrichment until their
survival is limited by lack of oxygen or some other parameter (HARRISON 1958a;
AvrLansoN 1961; Bisaop 1973; BrycE et al. 1978).

There is little detailed information on heptageniid pollution tolerances. BRaDT
(1978) records that Stenonema is found in the upper reaches of rivers and this is in
line with morphological adaptations to torrential life of a variety of heptageniid
genera in Hong Kong (e. g. Iron, Thalerosphyrus, Epeoras). Heptageniids were
restricted to Stations 1 and 2 in 1978—79 which is in accordance with the observa-
tions of BisHoP (1973) on the decline in numbers of such animals in the polluted
tributaries of a Malaysian river. Certainly the nitrite, phosphate and B.O.D. levels
at middle course sites in the Lam Tsuen River during 1978—79 were far in excess
of those tolerated by North American heptageniidd nymphs (RoBack 1974).
Similarly, the extent of the river inhabited by leptophlebiids declined in 1978—79.
In view of the similar modes of feeding of heptageniids and leptophlebiids (MERRrITT
& Cummins 1978) it is plausible that smothering of rock surfaces in the middle and
lower course of the river by filamentous algae, Sphaerotilus and detritus could
restrict these animals to upstream sites with relatively clean rock surfaces.

Ephemerella spp. were recorded at Stations 1-5 in 1976 but were only
common at Stations 1 and 2, and scarce at Station 3, in 1978—79. The absence of
ephemerellids from sites experiencing organic enrichment is predictable in view of
their narrow water quality tolerances (RoBAck 1974). Caenidae were widespread in
the Lam Tsuen River throughout the study period although Cazenis T, and T, were
restricted to the upper course in 1978—79. Caenis L, and L; were abundant at
Station 3 and 5 and increased markedly in abundance between surveys thereby
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showing their ability to tolerate a wide range of environmental conditions (cf.
RoBack 1974). Bisrop (1973) has noted that Caenis spp. abundance is enhanced by
increased food availability and CoErzer (1978) records an increase in Caenidae
(along with a decline in Ephemerellidae and Leptophlebiidae) accompanying organic
enrichment. Caenis spp. occurred at different sites within the River Lee (U.K.)
(BRYCE et al. 1978) indicating possible species-specific microhabitat preferences.
Such preferences are also apparent in the varying distribution patterns of Lam Tsuen
River Caenidae.

Range reductions of certain ephemeropteran taxa in 1978—79 did not cause an
overall decrease in the numbers of mayflies in the river. Apparently, vacant niches
left by the elimination of sensitive species in the middle and lower course are rapidly
occupied by members of more tolerant taxa. Such a process is evident from the
increased abundance and upstream range extensions of certain taxa (e.g. Baetis cf.
T; and Lg) in 1978—79. By contrast to the Ephemeroptera, plecopteran nymphs
showed no marked response to increased organic enrichment and were restricted to
Stations 1 and 2 throughout the study. Although some increase in numbers was seen
when abundance in December 1978 was compared with that in November 1976,
this could have reflected nymphal recruitment as small perlids were particularly
common on the later date. Plecopterans are generally regarded as pollution
intolerant (GAurIN 1958; HYNEs 1960; RoBack 1974) and are scarce in polluted
river reaches (BisHor 1973; BRYCE et al. 1978). ULrsTRAND (1975) has suggested
that the differences between ecological parameters controlling mayfly and stonefly
communities may be integrated in terms of differential selective pathways (Mac
ARTHUR & WiLsoN 1967). The strategy of ephemeropterans is one of copious
output of relatively unspecialized young which can thrive in situations where mild
organic enrichment has increased the availability of food. A certain amount of
intraspecific resource division can be achieved through a great variation in body
size at any point in time. According to ULrsTRAND (1975), plecopterans have
narrower feeding specializations, less violent numerical fluctuations and strong
interspecific interactions; characteristics which would not be favoured in the course
of community fluctuations associated with organic pollution. Plecoptera and
Ephemeroptera seem to be placed far apart on the r to K selection scale and it is the
r-selected mayflies which would be expected to fare better in habitats influenced
by cultural eutrophication. Evidence based on the distribution and abundance of
these animals in the Lam Tsuen River suggests that, for certain ephemeropteran
taxa, this is indeed the case.

Odonate distribution and abundance did not change markedly over the study
period, reflecting the wide range of water qualities tolerated by these animals
(RoBack 1974). Only Zygonyx iris showed a tendency towards a reduction in
abundance in downstream reaches during 1978—79. This species clings to rock
surfaces (FURTADO 1969) and its elimination from the lower course during much
of the later survey is probably the result of extensive growths of filamentous algae
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and Sphaerotilus upon these substrates. The studies of Bistor (1973) and Bryce et
al. (1978) indicate that the effects of organic pollution do not severely affect
odonates, and burrowing taxa (e. g. Gomphidae such as Onychogomphus T;) are
apparently not directly influenced by siltation or enhanced periphyton growth.

For the sake of brevity, the response to increasing organic enrichment by the
major trichopteran group (Hydropsychidae) and the Simuliidae will be discussed
below when filter-feeding taxa are considered. The Chironomidae (Diptera) showed
only minor changes in distribution between 1976 and 1978; the most significant of
these was the elimination of Tanypodinae from Station 6 in 1978. According to
Rosack (1974), Tanypodinae are less tolerant of hydrological extremes than
Chironominae, and oxygen may have been a limiting factor for these animals.
Marked increases in abundance of other chironomids were recorded in the later
study. Much of this increase comprised Chironomus cf. plumosus which was very
abundant at Stations 3—6 but was not collected from upstream sites. Chironomus
spp. characteristically occur in rivers and streams receiving organic enrichment (e.g.
GAUFIN 1958; Hynes 1960; Bisnor 1973; Pesexk & HERGENRADER 1976; Bryce
et al. 1978; CoEeTzER 1978; GOWER & BuckLAND 1978) and are considered indicative
of organic pollution (RicHARDsON 1925, 1928; GaurIN 1958; WiLuMm 1975); their
distribution and abundance in the Lam Tsuen River during 1978—79 gives support
to this assumption.

Coleopteran distribution was restricted in 1978—79 and all taxa were confined
to the upper three sites, in particular Stations 1 and 2. This reflects what is known
of the hydrological requirements of these animals (RoBack 1974) and their need for
clean, silt-free surfaces (LESAGE & HARPER 1976); the latter point is particularly
relevant to the Psephenidae which are epilithic browsers. Psephenoides sp., which
was recorded at Stations 3 and 4 in 1975, was not found in the later survey reflecting
the effects of increased organic enrichment in the middle course of the river.
Significantly, Psephenidae and Elmidae are usually poorly represented in localities
affected by cultural eutrophication (e. g. RicHarpson 1925, 1928; Bisaor 1973;
RoBack 1974; Bryck et al. 1978).

The large increase in the numbers of filter-feeders (Simuliidae and Hydro-
psychidae) between 1976 and 1978 was a result of increased population densities at
Stations 3—5. Greatest abundance was noted at Stations 3 and 5 and the lower
densities at Station 4 may have reflected the high nutrient and B.O.D.; loads
prevailing in 1978—79. High B.O.D.; is known to restrict the distribution of
Hydropsyche spp. (RoBAcCk 1974), as is low oxygen tension (RoBack 1974; PEsEk &
HERGENRADER 1976) which could have acted through a night-time oxygen sag. The
overall increase in simuliid and hydropsychid populations may be a direct result of
high seston loads which are known to enhance the abundance of these animals
(ALransoN 1961; CHuTTER 1963; ErMAN & CHouTtEaU 1979; Oswoop 1979).
Significantly, Warp & Durrorp (1979) noted that seasonal rises in seston load in a
Colorado spring-brook system corresponded with increased filter-feeder densities.
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Indeed, such increases have often been associated with organic enrichment of lotic
habitats (BisHor 1973; Pesex & HERGENRADER 1976; BRaDT 1978; GODFREY 1978)
and the effects of organic pollution may be favourable for some Hydropsychidae
(NIELSEN 1976; BRYCE et al. 1978; GoprrEY 1978) and Simuliidae (Bisnop 1973).
ScawOoERBEL (1972) records that downstream of a reach covered with Sphaerotilus
in a West German brook, Simulium larvae established themselves at a distance from
the Sphaerotilus such that dissolved fragments of the filament forming bacterium
had broken into particles small enough to be collected and ingested. In this situation
larvae attained densities of 120000/m’ and were apparently limited by space rather
than food availability.

In common with the findings of NAimMaN & SEDELL (1979) in North America,
the proportion of seston organic matter in the study area decreased downstream,
possibly indicating a general improvement in food quality. For Simuliidae, such an
increase may have been a crucial factor in the maintenance of high population
densities as these animals have a very low assimilation ratio (WorTron 1978).
Significantly, the seston included a large proportion of unidentifiable detritus at sites
where simuliids and hydropsychids were particularly abundant. Most of this
component was derived from farmyard washings which were rich in organic matter
(up to 80% by weight) and contained nitrogenous wastes which would lower the
C/N ratio of the suspended material. The latter feature would increase food quality
(Namman & SepeLr 1979) and tend to enhance hydropsychid growth rates (cf.
FuLLER & MackAy 1981). This is in contrast to seston derived from allochthonous
plant litter which predominated at Stations 1 and 2 where there were relatively few
filter-feeders. Such material typically has a high C/N ratio and may contain a
considerable proportion of refractory nitrogen (NamMaN & SEDELL 1979).

Simuliids were generally the numerically dominant filter-feeding taxon in the
middle and lower course of the Lam Tsuen River during 1978—79. RoBack (1974)
presents data indicating that water quality tolerances of Simuliidae are wider than
those of hydropsychids; consequently, hydropsychids are less likely to survive in
the middle and lower course of the Lam Tsuen River during the dry season when the
effects of organic enrichment are most extreme. The size difference between larval
Simuliidae and Hydropsychidae could also account for the numerical dominance of
the former family. Each hydropsychid larva requires a significant amount of space
on a rock surface for the construction of a capture net and shelter. This space is
maintained by territorial behaviour involving larvae stridulating (rubbing the foreleg
against grooves on the underside of the head capsule) to warn off members of the
same species (EDINGTON 1965; TACHET 1977) thereby effecting a strict restriction of
population densities. In the present study hydropsychid larval densities did not
exceed 3672 individuals/m? This is in excess of hydropsychid densities recorded by
GoprReY (1978) (2768/m?), ALLANsON (1961) (1788—1807/m?) or Bisaor (1973)
(generally less than 1000/m?) but far below those recorded for larval Simuliidae in
comparable habitats (e. g. LADLE et al. 1972; Bisaop 1973). Simuliids occupied a
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greater range of substrates than hydropsychids in the Lam Tsuen River, settling on
rocks, small stones, macrophytes, trailing vegetation and even beds of filamentous
algae. Bisaor (1973) has described how simuliid larvae settle directly on unstable
muddy bottoms where food resources in the water column are very rich. Thus,
where food is not limiting, it is likely that the numbers of Simuliidae will usually
exceed those of the Hydropsychidae, and this was certainly the case in areas of the
Lam Tsuen River receiving significant organic enrichment.

Cummins (1974,1975) has stated that the trophic structure of lotic invertebrate
communities changes from a predominance of scrapers in the headwaters (wich are
primitively shaded by riparian scrub or forest) to collectors and microgatherers in
the lower course (cf. HawkINs & SEDELL 1981) where shading has been reduced by
the activities of man (e.g. land clearance for agriculture). Cummins considers such
a change to indicate a transition from a heterotrophic to an autotrophic mainstream
community. This transition has clearly been altered by land use patterns in the
Lam Tsuen Valley. The heterotrophy of the land highland regions has been extended
downstream to incorporate much of the course of the river. The high nutrient,
B.O.D.; and seston loads are a direct contribution from the surrounding terrestrial
landscape and, through their use as food, microbial substrate, or a source of
nutrients for plant growth, assume the same importance to the freshwater
community as does allochthonous leaf litter in heterotrophic stream sections (e. g.
HynEs 1975). This is particularly noticeable with respect to the abundant Simuliidae
and Hydropsychidae in the river which feed directly upon suspended material
largely derived from the terrestrial environment. Oligochaetes are probably also
ingesting this material as it settles out in the lower course of the river. The fact that
increased enrichment of the river alters benthic community structures, increasing or
decreasing the range and abundance of some species and even eliminating others,
merely emphasizes the importance of this transfer of terrestrial materials. However,
the process is essentially the same as the input of autumn-shed leaves to streams to
rivers, the main difference lying in the observer’s evaluation of the effects on the
aquatic community.

The influence of inputs of terrestrial material to the Lam Tsuen River is altered
by river volume (i. e. dilution potential) and therefore the seasonal incidence of
rainfall. As mentioned above, seasonal changes in water quality were apparent in the
Lam Tsuen River, increased nutrient loading during the dry season leading to range
restriction of certain taxa. Consequently, a diverse benthic community in the
middle and lower course was replaced in the dry season by one comprising relatively
few species in large numbers. This was most apparent at Station 4. By contrast, at
Stations 1 and 2 there was little or no organic enrichment and the dry season condi-
tions paralleled those seen other geographic regions experiencing seasonal rainfall,
with stable water flow and high community diversity (e.g. OL1rr 1960, OL1EF et al.
1965; ALLaNSON 1961; CHUTTER 1963). By contrast, there is disturbance of the
river bed with low faunal abundance in the wet season (Harrison 1958b). In
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summer 1978 the number of gastropods (DupGeON 1983 b) and oligochaetes were
markedly reduced as a result of wash-out during spates; this was also the case for
hydropsychids in June 1978. In September 1978 hydropsychid larval recruitment
took place thereby increasing population densities of these insects. Summer spates
were associated with a general “flushing” of the river allowing taxa less tolerant of
organic enrichment to recolonize downstream reaches. Consequently, the latter
stages of the summer monsoon (September) were associated with the highest
diversity of macroinvertebrates in the Lam Tsuen River. Similar trends have been
recorded by BECKETT (1978) who states that during relatively high discharge in a
polluted North American River, a great degree of faunal similarity occurred
between far upstream and far downstream stations. During low flow conditions a
biotic homogeneity was evident among all downstream stations as a result of
maximization of pollutional influences and subsequent domination of tolerant
species.

Studies upon the influence of organic pollution of river sediments, and the
subsequent effects on the benthic fauna, are scarce although some valuable observa-
tions have been made by Arranson (1961), Harrison et al. (1963) and
BENNINGTON (1977). Regarding physical characteristics, there was a tendency for
mean substrate particle size in the Lam Tsuen River to decrease in a downstream
direction although mean current velocity was not greatly reduced until Station 6.
Generally, the river sediments comprised cobbles or boulders (according to the
classification of CuMMINs 1966), boulders predominating at Stations 1 and 2. The
downstream decrease in mean particle size could not be explained solely in relation
to variations in current velocity and HYNEs (1970) considers that a correlation exists
between particle size and slope which is related to the decreased ability of a river to
move particles in downstream reaches. Whatever the cause, it is frequently the case
that the mean particle size of river sediments decreases in a downstream direction
(e. g. ALLANSON 1961) and this will, in turn, lead to downstream variations in
sorting, skewness and kurtosis. These phenomerna will be noted in both polluted
and unpolluted rivers, unless pollution is accompanied by large inputs of sediment.

The prevalence of large particles in the Lam Tsuen River bed reflects the
hardness of the granitic rocks making up the river valley. Boulders entering the river
have well-weathered outer layers; fine particles from these layers are rapidly eroded
and carried downstream to be deposited in the lower course. However, the
remaining granitic material is hard and erodes slowly, thus ensuring that much of
the river bed comprises large particles. This will tend to be reflected in rather poor
sorting, positive skewness and strong leptokurtosis. Smooth downstream decreases
in mean particle size were associated with the dry season and the onset of the wet
season. However, at the end of the wet season (September) this smooth downstream
trend was interrupted due to erosion and scouring of the sediments during spates.
ArL1ANSON (1961) has noted a similar shift in the median value of sediments in the
Jukskei-Crocodile River System in southern Africa during the wet season. Sed-
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iments at Station 6 deviated in character from those in the remainder of the Lam
Tsuen River, reflecting periodic inflation and deflation of a fabri dam immediately
upstream. Only fine particles remained in suspension in water flowing past the
inflated dam and consequently sediments at Station 6 comprised cobbles overlain
by a thin film of fine silt.

In view of the extensive literature on the effects of substrate composition upon
freshwater macrobenthos (Cummins 1966; Cummins & Laurr 1969; Hynes 1970;
MinsHALL & MiINsHALL 1977), it is likely that a proportion of the downstream
variation in community composition in the river could be attributed to changes in
sediment characteristics. However, although some seasonal alterations in the
physical nature of the sediments were noted, the magnitude of seasonal variations
in water quality in 1978—79 indicate that the latter may be of more significance in
determining patterns of macroinvertebrate distribution. There can be no doubt that
hydrological, rather than sediment, changes were responsible for changes in the
benthic communities of the Lam Tsuen River between 1976 and 1978.

Downstream trends in the physical characteristics of Lam Tsuen River
sediments were independent of water quality. However, the effects of cultural
eutrophication were evident from the deposition of organic particles on the river
bed. This was reflected by a general increase in the percentage of organic matter with
decreasing sediment particle size and can be attributed to the small size of organic
particles carried in the seston as well as the tendency for invertebrates at upstream
sites to fragment the rather small allochthonous leaf input (cf. Dubpceon 1982c,
1982 d). Significantly, the percentage of sedimentary organic matter increased down-
stream and could be related to the degree of organic enrichment experienced in the
middle and lower course. The amounts of sedimentary organics were maximal in
March 1979 when water quality was poorest. Particularly high levels of sedimentary
organics at Station 4 were reflected by high nutrient and B.O.D.; loads at this site
indicating a close association between cultural eutrophication and sediment condi-
tion. In the absence of significant stands of riparian vegetation, high levels of
sedimentary organics at Stations 3—5 can be directly attributed to the input of
agricultural wastes into the river, as well as to the presence of benthic algae, the
growth of which is enhanced by high nutrient concentrations.

Increased sedimentary organic matter has been reported from rivers affected
by cultural eutrophication (ALLANSON 1961; HARRISON et al. 1963; BENNINGTON
1977), variations occurring according to river discharge volume (ALLaNSON 1961;
Bistor 1973). Increased sedimentary organic matter may not be directly deleterious
and can provide a valuable food source for those animals able to exploit it (e. g.
oligochaetes and ostracods in the Lam Tsuen River). Other macroinvertebrates are
probably excluded from enriched substrates by a variety of limiting factors (such as
night-time oxygen sags), and BENNINGTON (1977) has shown that Ephemeroptera
and Trichoptera will rapidly colonize enriched substrates transfered from polluted
sites to unpolluted stations.
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In conclusion, it is clear that changing patterns of land use between 1976 and
1978—79 have had profound effects on the ecology and structure of benthic
invertebrate communities in the Lam Tsuen River. These changes are characteristic
of those reported from other lotic habitats affected by cultural eutrophication and
they serve to emphasize the links between aquatic and terrestrial components within
the ecosystem, particularly the importance of transfers of material between these
two subsystems.

Summary

An investigation of a series of sites along the Lam Tsuen River, New Territories, Hong
Kong, was undertaken in November 1976 and seasonally during 1978—79. Analyses of water
quality and sediment characteristics were carried out, and samples were taken of the macro-
benthos at each site.

Water quality varied along the river, middle and lower course sites showing signs of
slight cultural eutrophication in 1976. In 197879, the extent of organic enrichment of the
river had increased at all but two upper reach stations. This change was reflected by increased
nutrient, B.O.D.; and seston loads.

Temporal variations in water quality in 1978—79 were associated with changing river
discharge resulting from Hong Kong’s seasonal rainfall. In general B.O.D.; and nutrient loads
fell in the summer wet season so that conditions at the uppermost mid-stream site resembled
those prevailing in the head waters. During the dry season, river volume was reduced and all
of the middle course was affected by severe organic pollution. Overall, pollution of the river
became more extensive during the autumn and winter, and the river as a whole was “flushed
out” by the summer rains thereby shifting the polluted region downstream.

The number of taxa and the diversity (d) of macrobenthic communities decreased down-
stream in 1976 and 1978—79. Faunal abundance exhibited no such trends.

The effects of increased cultural eutrophication in 1978—79 were reflected by large
increases in macrobenthic population densities and a general decrease in faunal diversity.
Seasonal reductions in faunal diversity were associated with deteriorating water quality in the
middle and lower course during the autumn and winter months.

Longitudinal zonation of individual taxa was examined with reference to the classical
rithron-potamon scheme of classification of lotic fauna, as well as with regard to the responses
of these animals to changing water quality. In 1976, a downstream succession in the occurrence
of different taxa was noted. However, within single families or genera, variable patterns of
zonation were detected indicating that the classification of higher taxonomic groupings as
rithron or potamon inhabitants may not be widely applicable. In response to deteriorating
water quality in 1978—79 many species were eliminated from the middle and lower reaches and
were restricted to upstream stations. Tolerant taxa were able to increase in range and
abundance, for example certain Baetidae, Caenidae, Hydropsychidae, Simuliidae, Chirono-
midae, Gastropoda, Oligochaeta and Ostracoda.

Seasonal changes in macroinvertebrate distribution reflected changes in water quality.
Those taxa mainly restricted to the two upper-most sites were largely unaffected by season,
whereas certain caenid and baetid mayflies were eliminated from downstream sites in the dry
season, as were some Hydropsychidae. By contrast, non-insectan taxa were favoured by
organic enrichment, increasing their range and abundance in the dry season. Overall, macro-
benthic communities in the Lam Tsuen River were most diverse in September (the latter part
of the wet season) and least diverse in March (the end of the dry season).
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Lam Tsuen River sediments showed downstream changes in physical characteristics,
tending towards decreased mean grain size, increased sorting and decreased skewness and
kurtosis. During the wet season the river sediments become coarser and less well sorted.
Downstream increases in sedimentary organic matter were also recorded, reflecting cultural
eutrophication in the middle and lower course of the river. There was a general trend for
sedimentary organic matter to increase during drier months of the year, summer spates tending
to “flush out” accumulated organic material from the river channel.

The patterns of macroinvertebrate zonation, and sedimentary and hydrological char-
acteristics of the Lam Tsuen River, can be interpreted as reflecting transfers of material
(nutrients, agricultural wastes, sewage) to the aquatic habitat from the surrounding terrestrial
environment. It is clear that land use patterns around the Lam Tsuen River profoundly affect
aquatic communities through the medium of such transfers by altering community structure
as well as the distribution and abundance of individual taxa.

Acknowledgements

This study was undertaken as part of a doctoral degree from the Department of Zoology,
the University of Hong Kong, and I am grateful to that institution for facilities provided. The
Waterworks Office, Hong Kong Government, permitted me access to hydrological data for
1975 from the Tai Po Au Pumping Station, and MAy Y1pP gave encouragement and help in the
field. Drs. D. R.OLiver and M. E. RoussEL kindly identified some Chironomidae from the
Lam Tsuen River and Professor Paur HesERT identified Simocephalus spp.

Literature

Arranson, B. R. (1961): The physical, chemical and biological conditions in the Jukskei-
Crocodile River System. — Hydrobiologia 18: 1-76.

ALLEN, P. M. & StePHENS, E. A. (1971): Report on a geological survey of Hong Kong. —
Hong Kong Gov. Printer, Hong Kong: 107 pp.

AMEericaN Pusric HeartH Associarion (A.P.H.A.) (1971): Standard methods for the
examination of water and waste water, 13th ed. — Amer. Publ. Health Assoc., New York:
874 pp.

ARMITAGE, K. B. (1961): Distribution of riffle insects of the Firehole River, Wyoming. —
Hydrobiologia 27: 152—154.

BAGGE, P. & SALMELA, V. (1978): The macrobenthos of the River Tourujoki and its tributaries
(Central Finland). 1. Plecoptera, Ephemeroptera and Trichoptera. — Noctul. Entomol. 58:
159-168.

Bavry, I. A. E. & WirLiams, W. D. (1973): Inland waters and their ecology. — Longman
Australia Pty. Ltd., Victoria: 316 pp.

BecketT, D. C. (1978): Ordination of macroinvertebrate communities in a multistressed river
system. — (In): THORP, J. H. & GiBBONS, J. W. (Eds.): Energy and environmental stress
in aquatic systems. — DOE Symposium Ser., Nat. Techn. Inform. Serv., Springfield,
Virginia: 748—770.

BENNINGTON, S. L. (1977): Benthic macrofauna—substrate relationships in an unpolluted
and a polluted stream environment. — Mauri Ora 5: 21-32.

Bick, H. (1963): A review of Central European methods for the biological estimation of water
pollution levels. — Bull. World Hlth. Org. 29: 401—413,

Bisuop, J. E. (1973): Limnology of a small Malayan river Sungai Gombak. — W. Junk, The
Hague: 485 pp.



Hydrobiology of the Lam Tsuen River 123

Boon, P. J. (1979): Studies on the spatial and temporal distribution of larval Hydropsychidae
in the North Tyne river system. — Arch. Hydrobiol. 85: 336—359.

Boon, P. ]J. & SHIRrEs, S. W. (1976): Temperature studies on a river system in north-east
England. — Freshw. Biol. 6: 23—34.

Brapt, P. T. (1978): Longitudinal variation in the macroinvertebrate fauna and water
chemistry of an eastern Pennsylvania trout stream. — (In): THoRrp, J. H. & GiBBoNs, J.
W. (Eds.): Energy and environmental stress in aquatic systems. — DOE Symposium Ser.,
Nat. Techn. Inform. Serv., Springfield, Virginia: 771—-784.

BrinkHURsT, R. O. & Kennepy, C. R. (1965): Studies on the biology of the Tubificidae
(Annelida, Oligochaeta) in a polluted stream. — J. Anim. Ecol. 34: 429—443.

BrinsoN, M. M. (1977): Decomposition and nutrient exchange of litter in an alluvial swamp
forest. — Ecology 58: 601—609.

Brown, D. S. (1961): Food of the larvae of Cloéon dipterum L. and Baetis rhodani (P1CET)
(Insecta, Ephemeroptera). — J. Anim. Ecol. 30: 55—75.

Brycg, D.; Carroor, I. M.; DaLg, C. R. & JaRReTT, A. F. (1978): Macroinvertebrates and
the bioassay of water quality: a report based on a survey of the River Lee. — Sci. Rep. of the
Dep. of Biology, North East London Polytechnic. Publ. by Nelpress, London: 44 pp.

Cairns, J. Jr. (1974): Indicator species vs. the concept of community structure as an index
of water pollution. — Water Resources Bull. 10: 338—347.

CAIrns, J. Jr. & DicksoN, K. L. (1971): A simple method for the biological assessment of
the effects of waste discharge on aquatic bottom dwelling organisms. — J. Water Poll.
Control Fed. 43: 755-772.

CaIRNS, ]J. Jr.; Lanza, G. R. & Parxer, B. C. (1972): Pollution related structural and
functional changes in aquatic communities with emphasis on freshwater algae and protozoa.
— Proc. Acad. Nat. Sci. Phila. 124: 79—127.

CaARLSsON, M.; NiLssoN, L. M.; Svensson, B].; ULrsTRAND, S. & WorToN, R. S. (1977):
Lacustrine seston and other factors influencing the blackflies (Diptera: Simuliidae) inhabit-
ing lake outlets in Swedish Lapland. — Oikos 29: 229238,

CARPENTER, K. E. (1928a): Life in inland waters. — Sidgwick & Jackson, London: 267 pp.

— (1928b): On the distribution of freshwater Turbellaria in the Aberystwyth district, with
especial reference to two ice-age relicts. — J. Ecol. 15: 33—54.

CHuUTTER, F. M. (1963): Hydrobiological studies on the Vaal River in the Vereenigung Area.
Part 1; Introduction, water chemistry and biological studies on the fauna of habitats other
than muddy bottom sediments. — Hydrobiologia 21: 1—65.

— (1969): The effects of silt and sand on invertebrate fauna of stream and rivers. — Hydro-
biologia 34: 57—76.

CHurter, F. M. & NosLg, R. G. (1966): The reliability of a method of sampling stream
benthos. — Arch. Hydrobiol. 62: 95—103.

COETZER, A. (1978): The invertebrate fauna and biotic index value of water quality of the
Great Berg River, Western Cape. — J. Limnol. Soc. Sth. Afr. 4: 1-7.

CornwELL, D. A.; ZOLTEK, J.; PATRINELY, C. D.; FurnaMm, T. pES. & Ky, J. 1. (1977):
Nutrient removal by water hyacinths. — J. Water Poll. Control Fed. 49: 57—65.

Cumwmins, K. W. (1964): Factors limiting the microdistribution of the caddisflies Pyconpsyche
lepida (HAGEN) and Pynopsyche guttifer (WALKER) in a Michigan stream (Trichoptera:
Limnephilidae). — Ecol. Monogr. 34: 271295,

— (1966): A review of stream ecology with special emphasis on organism substrate relation-
ships. — Spec. Publ. Pymatuning Lab. Fld. Biol. 4: 2—51.

— (1970): Symposium summary. — (In): Cummins, K. W. (Ed.): The stream ecosystem. —
AAAS Symposium, Inst. Water Res., Michigan State Univ. Techn. Rep. No. 7: 40—-42.

~ (1974): Structure and function of stream ecosystems. — BioScience 24: 631—641.



124 Davip Dupgeon

CummMins, K. W. (1975): The importance of different energy sources in freshwater ecosystems.
— (In): Productivity of world ecosystems. — Publ. by U.S. Nat. Comm. for the Internat.
Biol. Programme, Nat. Res. Council: 50—54.

Cummins, K. W. & Laurr, G. H. (1969): The influence of substrate particle size on the
microdistribution of stream macrobenthos. — Hydrobiologia 34: 145—181.

Dennis, B. & Parit, G. P. (1977): The use of community diversity indices for monitoring
trends in water pollution impacts. — Trop. Ecol. 18: 36—51.

DupceoN, D. (1979): A review of the applicability of investigations upon freshwater benthic
macroinvertebrates to studies of pollution in Asia with particular emphasis on sampling
methodologies. — (In): CHEUNG, M. T. (Ed.): Conference on standardization of method-
ology of water pollution: Proceedings. — CSM Special Publication 001: 6—17.

— (1981): Aspects of the ecology of the macrobenthos of three freshwater habitats in Hong
Kong. — Unpubl. Ph. D. thesis, Dep. Zool., Univ. of Hong Kong: 1-1617.

— (1982a): Aspects of the hydrology of Tai Po Kau Forest Stream, New Territories, Hong
Kong. — Arch. Hydrobiol./Suppl. 64: 1-35.

— (1982b): Aspects of the microdistribution of insect macrobenthos in a forest stream in
Hong Kong. — Arch. Hydrobiol./Suppl. 64: 221-239.

—~ (1982¢): Spatial and temporal changes in the sediment characteristics of Tai Po Kau Forest
Stream, New Territories, Hong Kong, with some preliminary observations upon within-
reach variations in current velocity. — Arch. Hydrobiol./Suppl. 64: 36—64.

— (1982d): Spatial and seasonal variations in the standing crop of periphyton and allochthon-
ous detritus in a forest stream in Hong Kong, with notes on the magnitude of riparian
leaf fall. — Arch. Hydrobiol./Suppl. 64: 189—220.

— (1983 a): The effects of water level fluctuations on a gently shelving marginal zone of Plover
Cove Reservoir, Hong Kong. — Arch. Hydrobiol./Suppl. 65: 163—196.

— (1983b): Spatial and temporal changes in the distribution of gastropods in the Lam Tsuen
River, New Territories, Hong Kong, with notes on the occurrence of the exotic snail
Biompbhalaria straminea. — Malac. Rev. 16: 91-92.

— (1983c): Preliminary measurements of primary production and community respiration
in a forest stream in Hong Kong. — Arch. Hydrobiol. 98: 287-298.

EastHaM, L. E. S. (1932): Currents produced by the gills of mayfly nymphs. — Nature
130: 58.

EpINGTON, J. M. (1965): The effect of water flow on populations of net-spinning Trichoptera.
— Mitt. Internat. Verein. Limnol. 13: 40—48.

— (1968): Habitat preferences in net-spinning caddis larvae with special reference to the
influence of water velocity. — J. Anim. Ecol. 37: 675—-692.

Erman, D. C. & CHouTteau, W. C. (1979): Fine particulate organic carbon output from fens
and its influence on benthic macroinvertebrates. — Oikos 32: 409—413.

Ewer, R. F. (1942): On the function of haemoglobin in Chironomus. — J. exp. Biol. 18:
197-205.

FisH, G. R. (1969): Lakes: the value of recent research to measure eutrophication and to
indicate possible causes. — J. Hydrol. (N.Z.) 8: 77—85.

Foik, R. L. (1966): A review of grain size parameters. — Sedimentology 6: 73—93.

Fouk, R. L. & Warp, W. C. (1957): Brazos River Bar: a study in the significance of grain size
parameters. — J. Sed. Petrol. 27: 3-26.

FurLer, R. L. & Mackay, R.]. (1981): Effect of food quality on the growth of three Hydro-
psyche species (Trichoptera: Hydropsychidae). — Can. J. Zool. 59: 1133-1140.

FURTADO, J. 1. (1969): Ecology of Malaysian odonates: biotope and association of species. —
Verh. Int. Verein. Limnol. 17: 863887,



Hydrobiology of the Lam Tsuen River 125

GaurIN, A. R. (1958): The effects of pollution of a midwestern stream. — Ohio J. Sci. 58:
197-208.

Goprrey, P. J. (1978): Diversity as a measure of benthic macroinvertebrate community
response to water pollution. — Hydrobiologia 57: 111-122,

GovrrerMaN, H. L. (1975): Chemistry. — (In): WrITTON, B. A. (Ed.): River ecology. —
Blackwell Sci. Publ., Oxford: 39—80.

Gosz, J. R. (1978): Nitrogen inputs to stream water along an elevational gradient in New
Mexico. — Water Res. 12: 725-734.

Gower, A. M. & BuckLanp, P. J. (1978): Water quality and the occurrence of Chironomus
riparius MEIGEN (Diptera: Chironomidae) in a stream receiving sewage effluent. — Freshw.
Biol. 8: 153—164.

Harrison, A. D. (1958a): Hydrobiological studies on the Great Berg River, Western Cape
Province. Part 4. The effects of organic pollution on the fauna of the Great Berg River
System and the Krom Stream, Stellenbosch. — Trans. R. Soc. Sth. Afr. 35: 299-329.

— (1958b): Hydrobiological studies on the Great Berg River, Western Cape Province. Part 2.
Quantitative studies on sandy bottoms, notes on tributaries and further information on the
fauna arranged systematically. — Trans. Roy. Soc. Sth. Afr. 35: 227-276.

— (1965): River zonation in Southern Africa. — Arch. Hydrobiol. 61: 380—386.

Harrison, A. D. & ErswortH, J. E. (1958): Hydrobiological studies on the Great Berg
River, Western Cape Province. Part 1. General description, chemical studies and main
features of the flora and fauna. — Trans. R. Soc. Sth. Afr. 35: 125-226.

Harrison, A. D. & Rankin, J. J. (1976): Hydrobiological studies of the Eastern Lesser
Antillean Islands. II. St Vincent: freshwater fauna — its distribution, tropical river zonation
and biogeography. — Arch. Hydrobiol./Suppl. 50: 275—311.

Harrison, A. D.; KeLLERr, P. & LomBarp, W. A. (1963): Hydrobiological studies on the
Vaal River in the Vereenigung Area. Part 2. The chemistry, bacteriology and invertebrates
of the bottom muds. — Hydrobiologia 21: 66—89.

Hart, C.W. Jr. & FuLLER, S. L. H. (1974): Pollution ecology of freshwater invertebrates. —
Academic Press, New York: 389 pp.

Hawkes, H. A.(1975): River zonation and classification. — (In): WHrTTON, B. A. (Ed.): River
ecology. — Blackwell Sci. Publ., Oxford: 312—-374.

Hawxkins, C. P. & Sepery, J. R. (1981): Longitudinal and seasonal changes in functional
organization of macroinvertebrate communities in four Oregon streams. — Ecology 62:
387-397.

Hiiprew, A. G. & EpiNgTON, J. M. (1979): Factors affecting the coexistence of hydro-
psychid caddis larvae (Trichoptera) in the same river system. — J. Anim. Ecol. 48: 557—
576. :

Hora, S. L. (1930): Ecology, bionomics and evolution of the torrential fauna, with special
reference to the organs of attachment. — Phil. Trans. R. Soc. B218: 171-282.

Hynes, H. B. N.(1960): The biology of polluted waters. — Liverpool Univ. Press, Liverpool:
220 pp.

— (1961): The invertebrate fauna of a Welsh mountain stream. — Arch. Hydrobiol. 57:
344—388.

— (1970): The ecology of running waters. — Liverpool Univ. Press, Liverpool: 555 pp.

— (1971): Zonation of the invertebrate fauna in a West Indian stream. — Hydrobiologia 38:
1-8.

— (1975): The stream and its valley. — Verh. Int. Verein. Limnol. 19: 1-15.

Hynes, H. B. N. & Witriams, T. R. (1962): The effect of DDT on the fauna of a Central
African stream. — Ann. Trop. Med. Parasit. 56: 78—91.



126 Davip DubpGeonN

ILLigs, J. (1961): Versuch einer allgemein biozénotischen Gliederung der Flieflgewisser. —
Int. Rev. ges. Hydrobiol. 46: 205-213.

Kerst, C. D. & AnpERsoN, N. H. (1975): The Plecoptera community of a small stream in
Oregon, U.S.A. — Freshw. Biol. 5: 189—-203.

LapLE, M.; Bass, J. A. B. & Jenkins, W. R. (1972): Studies on production and food con-
sumption by the larval Simuliidae (Diptera) of a chalk stream. — Hydrobiologia 39: 429—
448.

LEuDTKE, R. J.; BRUSVEN, M. A. & WarTs, F. J. (1976): Benthic insect community changes in
relation to in-stream alterations of a sediment polluted stream. — Melanderia 23: 21-39.

LESAGE, L. & HaRPER, P. P. (1976): Cycles biologiques d’Elmidae (Coleopteres) de ruisseaux
des Laurentides, Quebec. — Ann. Limnol. 12: 139-174.

Linpuska, J. P. (1942): Bottom type as a factor influencing the local distribution of mayfly
nymphs. — Can. Ent. 74: 26—30.

Macan, T. T. (1957): The Ephemeroptera of a stony stream. — J. Anim. Ecol. 26: 317-342.

MacARTHUR, R.H. & WiLson, E. O.(1967): The theory of island biogeography. — Princeton
Univ. Press, Princeton, N.J.: 203 pp.

MAackeRETH, F. J. H.; HERON, J. & TALLING, ]. F. (1978): Water analysis: some methods for
limnologists. — Freshwater Biol. Assoc. Sci. Publ. No. 36: 120 pp.

Marrianp, P. S. (1966): The fauna of the River Endrick. — Studies on Loch Lomond, 2,
Blackie, Glasgow: 194 pp.

McCray, C. C. (1978): Comparative observation on the ecology of four species of ostracods
in a temporary freshwater puddle. — Can. J. Zool. 56: 663—675.

McLAcCHLAN, A. J. (1969): The effect of aquatic macrophytes on the variety and abundance
of benthic fauna in a newly created lake in the tropics. (Lake Kariba). — Arch. Hydrobiol.
66: 212—231.

= (1977): Some effects of the tube shape on the feeding of Chironomus plumosus L. (Diptera,
Chironomidae). — J. Anim. Ecol. 46: 139—146.

Mecom, J. O. & Cummins, K. W. (1964): A preliminary study of the trophic relationships of
the larvae of Brachycentrus americanus (Banks) (Trichoptera: Brachycentridae). — Trans.
Am. Microsc. Soc. 83: 233243,

MerriTT, R. W. & Cummins, K. W. (1978): An introduction to the aquatic insects of North
America. — Kendall/Hunt Publishing Co., lowa: 441 pp.

MinsHALL, G. W. (1970): Community structure in natural stream systems. — (In): CuMMINS,
K. W. (Ed.): The stream ecosystem. — AAAS Symposium, Inst. Water Res., Michigan State
Univ. Techn. Rep. No. 7: 2—4.

MinsHALL, G. W. & MINsHALL, J. N. (1977): Microdistribution of benthic invertebrates in a
Rocky Mountain stream. — Hydrobiologia 55: 231-249.

MiyaTa, N. (1976): Ecological studies on the aquatic insects in the upper region of the
Chikuma River, Nagano Prefecture, Japan. I, Life cycle and growth state of the Epbe-
merella trispina group (Ephemeroptera: Ephemerellidae), and aquatic fauna of the river. —
New Entomol. 25: 10-24.

MooRE, J. W. (1979): Diversity and indicator species as measures of pollution in a subarctic
lake. — Hydrobiologia 66: 73—80.

Naman, R. J. & Seperr, J. R. (1979): Characterization of particulate organic matter
transported by some Cascade mountain streams. — J. Fish. Res. Bd. Can. 36: 17-31.

NEeepHAM, P. R. & UsINGER, R. L. (1956): Variability in the macrofauna of a single riffle in
Prosser Creek, as indicated by the Surber sampler. — Hilgardia 24: 383—409.

NEeLsoN, D. J. (1970): Terrestrial-lotic community interactions. — (In): Cummins, K. W.
(Ed.): The stream ecosystem. — AAAS Symposium, Inst. Water Res., Michigan State Univ.
Techn. Rep. No. 7: 14-19.



Hydrobiology of the Lam Tsuen River 127

NIELSEN, A. (1976): Pollution and caddis fly fauna. — (In): Maricky, H. (Ed.): Proceedings
of the 1st International Symposium on Trichoptera. — W. Junk, The Hague: 159—161.

Ovrrr, W. D. (1960): Hydrobiological studies on the Tugela River System. Part 1. The main
Tugela River. — Hydrobiologia 16: 281385,

— (1963): Hydrobiological studies on the Tugela River System. Part III. The Buffalo River.
— Hydrobiologia 21: 355-379.

Ourr, W. D.; Kemp, P. H. & King, J. L. (1965): Hydrobiological studies on the Tugela
River System. Part V. The Sundays River. — Hydrobiologia 26: 189—202.

OsBoORNE, A. C.; BROOKER, M. P. & Epwarps, R. W. (1980): The chemistry of the River
Wye, Wales, U.K. — J. Hydrol. (Amstd.) 45: 233—252.

Oswoop, M. W. (1979): Abundance patterns of filter-feeding caddisflies (Trichoptera:
Hydropsychidae) and seston in a Montana (U.S.A.) lake outlet. — Hydrobiologia 63:
177-183.

PATRICK, R. (1954): Diatoms as an indication of river change. — (In): Proc. Ind. Waste Conf.
9th. — Purdue Univ. Eng. Ext. Serv. 87: 325—-330.

— {1961): A study of the numbers and kinds of species found in rivers in Eastern United
States. — Proc. Acad. nat. Sci. Philad. 113: 215—258.

Parrick, R.; Houn, M. H. & WaLLack, J. H. (1954): A new method for determining the
pattern of diatom flora. — Noctul. Nat. 416: 1-12.

PENNAK, R.W. (1978): Freshwater invertebrates of the United States, 2nd Ed. — John Wiley
& Sons, New York: 803 pp.

Pesex, T. & HERGENRADER, G. L. (1976): The influence of water quality upon the benthic
macroinvertebrates of Salt Creek, Lancaster County, Nebraska. — Trans. Nebraska Acad.
Sci. 3: 46—60.

PetR, T. (1977): Limnology of the Nzoia River in Western Kenya. I. Physical and chemical
characteristics. — Rev. Zool. Afr. 91: 31—44.

PurLipsoN, G. N. (1954): The effect of water flow and oxygen concentration on six species
of caddisfly (Trichoptera). — Proc. Zool. Soc. Lond. 124: 547—564.

— (1969): Some factors affecting the net spinning of the caddisfly Hydropsyche instabilis
Curris (Trichoptera, Hydropsychidae). — Hydrobiologia 34: 369—-377.

PuiLipsoN, G. N. & Mooruousg, B. H. S. (1974): Observations on ventilatory and net-
spinning activities of larvae of the genus Hydropsyche Picter (Trichoptera, Hydro-
psychidae) under experimental conditions. — Freshw. Biol. 4: 323333,

PHILLIPSON, J. (1956): A study of factors determining the distribution of the blacklyfly
Simulium ornatum Mc. — Bull. Ent. Res. 47: 227-238.

Rai, D. M. & MunsH, J. D. (1979): The influence of thick floating vegetation (water
hyacinth; Eichhornia crassipes) on the physico-chemical environment of a freshwater wet-
land. — Hydrobiologia 62: 65—69.

REGER, S. ]. & KeverN, N. R. (1981): Benthic macroinvertebrate diversity in three Michigan
streams. — J. Freshw. Ecol. 1: 179—187.

RicHAaRrDsoN, R. E. (1925): Illinois River bottom fauna in 1923. — Bull. Ill. Nat. hist. Surv.
15: 391-422.

— (1928): The bottom fauna of the Middle Illinois River 1913—1925. Its distribution,
abundance, valuation and index value in the study of stream pollution. — Bull. Ill. Nat.
Surv. 17: 387-475.

RoBack, S. S. (1974): Insects (Arthropoda: Insecta). (In): Hart, C. W. & FuLLer, S. L. H.
(Eds.): Pollution ecology of freshwater invertebrates. — Academic Press, New York: 313—
376.

Ross, H. H. (1956): Evolution and classification of the mountain caddisflies. — Univ. Illinois
Press, Urbana: 213 pp.



128 Davip DupGeoN

SCHWOERBEL, J. (1972): Produktionsbiologische Aspekte in Fliefgewissern. — Verh. dt. zool.
Ges. 65: 57—64.

Srack, K.V.; Nauman, J.W. & TiLLEy, L. J. (1977): Benthic invertebrates in a north-flowing
stream and a south-flowing stream in Brooks Range, Alaska. — Water Res. Bull. 15: 108—
135.

Sowa, R.(1975): Ecology and biogeography of mayflies (Ephemeroptera) of running water in
the Polish part of the Carpathians. 2. Life cycles. — Acta Hydrobiol. 17: 319—353.

SpruLEs, W. M. (1947): An ecological investigation of stream insects in Algonquin Park,
Ontario. — Univ. Toronto Stud., Biol. Ser. 56: 1—81.

TAcHET, H. (1977): Vibrations and predatory behaviour of Plectrocnemia larvae (Trichoptera).
— Z. Tierpsychol. 45: 61—-74.

THROUP, . (1966): Substrate type and its value as a basis for delimitation of bottom fauna
communities in running waters. — Spec. Publ. Pymatuning Lab. Fld. Biol. 4: 59-74.
Towns, D. R. (1979): Composition and zonation of benthic invertebrate communities in a

New Zealand kauri forest stream. — Freshw. Biol. 9: 251-262.

ULFSTRAND, S. (1968): Benthic animal communities in Lapland streams. — Oikos/Suppl. 10:
1-120.

— (1975): Diversity and some other parameters of Ephemeroptera and Plecoptera commun-
ities in subarctic running waters. — Arch. Hydrobiol. 76: 499—520.

VriTousek, P. M. (1977): The regulation of element concentrations in mountain streams in the
Northeastern United States. — Ecol. monogr. 47: 65—87.

Warp, J. V. & Durrorp, R. G. (1979): Longitudinal and seasonal distribution of macro-
invertebrates and epilithic algae in a Colorado springbrook-pond system. — Arch. Hydro-
biol. 86: 284—321.

WaRrreN, C. E.; WaLEs, J. H.; Davis, G. E. & Doupororr, P. (1964): Trout production in
an experimental stream enriched with sucrose. — J. Wildl. Manag. 28: 617-660.

Wategs, T. F. (1972): The drift of stream insects. — Ann. Rev. Entomol. 17: 253—272.

WenDT, R. C. & Corey, R. B. (1980): Phosphorus variations in surface runoff from agri-
cultural lands as a function of land use. — J. Environ. Qual. 9: 130—136.

Warte, D. S. (1977): The effect of suspended solids on macroinvertebrate drift in an Indiana
creek. — Proc. Indiana Acad. Sci. 86: 182—188.

WIDYANTO, L. S. (1976): Studies on the growth and control of water hyacinth (Eichhornia
crassipes (MART.) SoLms). — (In): Proc. 5th Asian-Pacific Weed Sci. Soc. — Publ. by Asian-
Pacific Weed Sci. Soc, Tokyo, Japan: 429—434.

Wicains, G. B. & Mackay, R.]J. (1979): Some relationships between systematics and trophic
ecology in nearctic aquatic insects with special reference to Trichoptera. — Ecology 59:
1211-1220.

WiLHM, J. L. (19702): Community diversity. — (In): Cummins, K. W. (Ed.): The stream
ecosystem. — AAAS Symposium, Inst. Water Res., Michigan State Univ. Techn. Rep.
No. 7: 8—13.

— (1970b): Range of diversity index in benthic macroinvertebrate populations. — J. Wat.
Pollut. Control. Fed. 2: 221-224.

— (1975): Biological indicators. — (In): WHITTON, B. A. (Ed.): River ecology. — Blackwell
Sci. Publ., Oxford: 375-402.

WiLnaM, J. F. & Dorris, T. C. (1968): Biological parameters of water quality. — BioScience
18: 447—481.

WirLiams, D. D. & Munbig, J. H. (1978): Substrate size selection by stream invertebrates
and the influence of sand. — Limnol. Oceanogr. 23: 1030—-1033.

WisE, E. J. (1976): Studies on the Ephemeroptera of a Northumberland river system. 1. Serial
distribution and relative abundance. — Freshw. Biol. 6: 363—372.



Hydrobiology of the Lam Tsuen River 129

Wortton, R. S. (1978): Growth, respiration and assimilation of blackfly larvae (Diptera:
Simuliidae) in a lake outlet in Finland. — Oecologia (Berl.) 33: 279—-280.

ZAHAR, A. R. (1951): The ecology and distribution of blackflies (Simuliidae) in Southeast
Scotland. — J. Anim. Ecol. 20: 33-62.

Address of the author:

Dr. Davip Dupceon, Department of Zoology, The University of Hong Kong, Pokfulam
Road, Hong Kong.

9 Archiv f. Hydrobiologie, Suppl.-Bd. 69



