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Abstract A comparative investigation on aquatic insect
diversity was conducted in a tropical stream in Southeast
Asia (the Dak Pri stream in southern Vietnam; stream or-
ders II–V, two sites per stream order) with a reference
temperate stream in Northeast Asia (the Gapyeong stream
in central Korea) in March 2001 and April 2000, respec-
tively. The numbers of aquatic insect taxa in Dak Pri stream
(268 species, mostly undescribed, 230 genera, 91 families,
and 9 orders; 110.5 ± 17.1 species per site) were about twice
those in Gapyeong stream (133 species, 98 genera, 51 fami-
lies, and 8 orders; 60.3 ± 8.5 species per site). Coleoptera,
Trichoptera, Ephemeroptera, and Diptera were the major
aquatic insect orders with high taxonomic richness, and
Coleoptera, Odonata, and Hemiptera contributed to the
higher degree of aquatic insect diversity in Dak Pri stream.
The species diversity indices of Dak Pri stream (4.37 ± 0.19)
were higher than those of Gapyeong stream (3.73 ± 0.42),
whereas the dominance indices of Dak Pri stream (0.195 ±
0.046) were lower than those of Gapyeong stream (0.346 ±
0.113). Collector-gatherers were predominant in both
streams; shredders were more abundant in Dak Pri stream
while scrapers were more abundant in Gapyeong stream.
Factors affecting the higher degree of aquatic insect diver-
sity in Dak Pri stream are discussed.
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Introduction

Great attention has been paid to the loss of biodiversity in
tropical Asian streams along with rising concern over the
fate of tropical rain forests because of the recent increase of
anthropogenic influences in the region (Dudgeon 2000).
Compared with extensive studies of the biodiversity and
ecology of temperate streams, our knowledge of tropical
streams is very limited. Even the rather basic question
“How many aquatic insect species are there in a tropical
stream?” has not been well answered. Although there are
some comparative studies between tropical and temperate
aquatic insect faunas, such as comparisons between Neotro-
pical and Nearctic aquatic insect groups (Covich 1988;
Flowers 1991), such comparative investigations have not
been extensive in tropical and temperate Asian streams
(Dudgeon 1999).

Although it has been generally known that the degree of
taxonomic diversity, i.e., species and higher taxa diversity,
increases as latitude decreases, there are also numerous
exceptions in specific groups of organisms (Gaston and
Williams 1996). For example, based on previous studies,
Plecoptera (Zwick 1986) and Ephemeroptera (Brittain
1982) are known to be more diverse in temperate streams,
whereas many other insect groups such as riffle beetles
(Brown 1981) are known to be more diverse in tropical
streams. However, conclusions from the comparative
biodiversity studies of temperate and tropical streams have
often been drawn from insufficient field investigation data
and have been based on limited taxonomic knowledge of
the tropical faunas. Therefore, further investigations from
tropical streams, particularly Asian, are required to expand
our knowledge of biodiversity.

In tropical Southeast Asia, studies of aquatic insects
were initiated by Ulmer (1939, 1951, 1955, 1957), but those
investigations have been limited to descriptive taxonomy
or faunistic study of some aquatic insect groups such
as Ephemeroptera (Braasch and Soldán 1986; Sartori
et al. 2003), Plecoptera (Kawai 1969; Zwick 1988), and
Trichoptera (Malicky 1995; Mey 1996). In Vietnam, a
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comprehensive faunistic study of aquatic insects was carried
out from a subtropical mountain stream in northern Viet-
nam (Nguyen et al. 2001).

The purpose of this study was to investigate the
biodiversity and community composition of aquatic insects
in a tropical stream in Vietnam compared with a reference
temperate stream in Northeast Asia.

Materials and methods

Study streams and sites

The Dak Pri stream (stream mouth, 12°15¢ N, 107°55¢ E)
(Fig. 1) is a typical mountain stream in tropical Vietnam,
located about 69km south of Buon Ma Thuot city in Dak

Lak Province. Dak Pri stream originates from a preserved
mountain area [highest peak. 1578m above sea level (asl)],
runs eastward across Dak Mol Forestry Enterprise, Nam
Nung Reserve and Duc Xuyen Commune, and then empties
into the Ea Krong No River. The total length of the stream
is about 58km. The drainage area consists of a mixture of
ferrolite red-brown soil on bazanstone, yellow-red soil on
sandstone, and yellow-brown soil on bazanstone. In 2001,
the average annual temperature of the area was 22.2°C
(January temperature, 20.1°C; July temperature, 24.9°C),
average annual precipitation was 1788mm, and average
annual humidity was 85.0% (local weather bureau of
Dak Lak Province, unpublished data). The riparian forest
consists of diverse evergreen trees such as dipterocarp
(Dipterocarpus alatus and Hopea odorata), papilionaceous
(Pahudia cochinchinensis and Dalbergia cultrate), and bam-
boo (Bambusa procera).

Fig. 1. Study sites (V1–V8) of
Dak Pri stream in Dak Lak
Province, Vietnam (F.E., Forest
Enterprise)



47

The Gapyeong stream (stream mouth, 37°50¢ N, 127°30¢
E) (Fig. 2) is a typical mountain stream in temperate Korea,
located about 60km northeast of Seoul. The stream origi-
nates from a preserved Myeongjisan (Mt.) area (highest
peak, 1250masl) in Gyeonggi Province, runs through farm-
lands, villages, and a small town, and then flows into the
Bukhan River. The total length is about 42km. The area
consists of brown forest soil and rocks and intruded schist
and granite. In 2000, the average annual temperature of
the area was 10.9°C (January temperature, -4.0°C; July
temperature, 24.0°C), average annual precipitation was
1267mm, and average annual humidity was 72.3% (Korea
Weather Bureau, unpublished data). Sasamorpha-oak
trees, which are common in the deciduous forest area in
temperate Northeast Asia, represent the riparian forest.
The upper part of the stream is protected in law by the local
government.

Eight sites from each stream, belonging to stream orders
II–V (two sites per stream order; stream orders were deter-
mined using a map at 1 :50,000), were chosen for sampling
in terms of stream order, stream size, and other general
habitat environmental factors (Figs. 1, 2; Table 1). Although
altitudes of the sampling sites between the counterpart
streams are somewhat different, both streams show typical
habitats of mountain streams below 1000m in altitude
(Ward 1992) in the geographic areas. Headwater streams of
Dak Pri stream were not accessible.

Field investigations and analyses

Field investigations were conducted in March 2001 from
Dak Pri stream and in April 2000 from Gapyeong stream.
Both areas were investigated during their dry season and
showed a high degree of aquatic insect diversity and abun-
dance of the year.

Aquatic insects were sampled using a Surber sampler
(50 ¥ 50cm; mesh size, 0.2mm). Two Surber samples were
taken at riffle and run/pool areas (total sampling area,
5000cm2 per site) for quantitative purposes; and two addi-
tional Surber samples were taken at diverse microhabitats
for qualitative purposes. Concurrently with the aquatic in-
sect sampling, general environmental factors such as stream
width and depth, surface current velocity (Craig 1987),
water temperature, pH, and dissolved oxygen (DO)
(portable water checker: Horiba U-10), substrate (subjec-
tively estimated percentage cover of bedrock, rock–boulder
>256mm, cobble 64–256mm, pebble 16–64mm, gravel 2–
16mm, coarse sand 0.5–2mm, fine sand and silt <0.5mm,
and detritus and algae), and in-stream and riparian vegeta-
tion were checked.

Sampled materials were kept in 500- to 1000-ml plastic
vials with Kahle’s fluid and were brought to the laboratory
for sorting of aquatic insects. Sorted aquatic insects were
preserved in 80% ethyl alcohol. The insects were identified
to species or higher taxonomic categories using available

Fig. 2. Study sites (K1–K8) of
Gapyeong stream in Gyeonggi
Province, Korea
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identification references (Kawai 1985; Yoon 1995; Morse et
al. 1994; Merritt and Cummins 1996; Dudgeon 1999). Some
aquatic insect groups with difficulties in taxonomic identifi-
cation such as Baetidae and Chironomidae were separated
into morpho-species, an artificial grouping of aquatic insects
mainly based on ultrastructure of external morphology such
as mouthparts and setation. All the materials including
voucher specimens are housed in the Aquatic Insect Collec-
tion of Seoul Women’s University.

McNaughton’s dominance indices (DI) and Shannon–
Weaver species diversity indices (H¢) were calculated based
on quantitative samples (Smith and Smith 2001). Functional
feeding groups (FFGs) were classified mainly according to
Morse et al. (1994) and Merritt and Cummmins (1996). The
differences in environmental data, species number, and in-
dices between the streams were examined by paired t test.

Results

Stream environments

Although the elevation and field investigation times were
not exactly congruent between the study streams, water
temperatures at the Dak Pri stream sites (range, 19°–23°C,
mean ± SD, 20.6° ± 1.4°C in March 2001) were neverthe-
less considerably higher (P < 0.001) than those of Gap-
yeong stream (5.6°–10.8°C, 8.9° ± 2.0°C in April 2000) (see
Table 1). The differences of water temperature between the
upstream and downstream sites in Dak Pri stream were

relatively smaller than those in Gapyeong stream. Stream
width and depth were relatively similar between the
streams. However, pH was slightly higher (P < 0.05) and
current velocity and DO somewhat lower (P < 0.05 and
0.001, respectively) in Dak Pri stream (see Table 1).
Cobbles and boulders were predominant in both streams,
but relatively more diverse substrate categories, e.g., gravel,
sand, leaf packs, and root masses, were present in Dak Pri
stream. Gapyeong stream has been more exposed to an-
thropogenic sources, particularly in the downstream area,
than Dak Pri stream; nevertheless, both streams are rela-
tively well preserved.

Aquatic insect fauna

Based on quantitative and qualitative sampling, the total
number of aquatic insect species collected throughout the
study sites of Dak Pri stream was more than twice that of
Gapyeong stream (Table 2). The species numbers of
Odonata, Hemiptera, Coleoptera, and Diptera as well as
numbers of whole taxa were significantly different (P <
0.01–0.001) between the streams. Coleoptera, Trichoptera,
and Ephemeroptera were the three major aquatic insect
orders showing a high degree of species richness in Dak Pri
stream, and Tricoptera, Ephemeroptera, and Diptera were
the major orders in Gapyeong stream.

The numbers of higher taxa of aquatic insects in Dak Pri
stream (230 genera, 91 families, and 9 orders) were also
considerably larger than those in Gapyeong stream (98 gen-
era, 51 families, and 8 orders), with the largest difference

Table 1. Environmental data of Dak Pri stream in Vietnam and Gapyeong stream in Korea

Site Stream Altitude (m) Width Depth Current Water pH DO Substratea Landscape
order (m) (cm) velocity (m s-1) temperature (mg l-1)

(°C)

Dak Pri
V1 II 1000 4 25 0.53 20 7.8 7.4 S, G, P Forest
V2 II 970 2 7.5 0.44 20 8.2 8 P, C, Rt Forest
V3 III 800 6 20 0.61 22 7.4 8.6 G, P, Lv Forest
V4 III 740 6 25 0.75 19 8.1 8.6 G, B Forest
V5 IV 700 12 40 0.82 19 8 7.7 S, G, B Forest
V6 IV 630 8 32.5 0.78 21 7.3 9 P, C, Rt Forest
V7 V 470 10 40 0.77 21 8.5 8.2 R, Lv Forest
V8 V 450 15 22.5 0.7 23 8.1 9.2 C, Rt
Mean ± SD 708.6 ± 217.7 7.9 ± 4.3 26.6 ± 10.9 0.675 ± 0.135 20.6 ± 1.4 7.9 ± 0.4 8.3 ± 0.6

Gapyeong Forest
K1 II 540 2 18 0.47 5.6 7.8 10.7 P, C Forest
K2 II 415 3 24 0.47 6.8 7.3 10.5 C, B Forest
K3 III 305 5 19.5 0.22 8.1 7.2 10.6 P, B Forest
K4 III 240 6 13.5 0.24 8.2 7.2 10.5 G, C, Lv Resort
K5 IV 340 7 22 0.7 10.3 7.6 9.9 P, C Farmland
K6 IV 270 9 23.5 0.42 10.8 7.6 10 P, C Resort
K7 V 190 15 24.5 0.45 10.7 7.3 11.9 C, B Village
K8 V 80 30 19 0.7 10.8 7.6 10.5 P, C, B
Mean ± SD 297.5 ± 140.1 9.6 ± 9.2 20.5 ± 3.7 0.459 ± 0.179 8.9 ± 2.0 7.5 ± 0.2 10.6 ± 0.6
P (n = 8) <0.001 NS NS <0.05 <0.001 <0.05 <0.001

DO, dissolved oxygen
a Substrate: S, sand; G, gravel; P, pebble; C, cobble; B, boulder; R, bedrock; Lv, leaf packs; Rt, root masses; dominant substrates are indicated in
bold
The difference in the environmental data between the streams was examined by paired t test; NS, not significant (P ≥ 0.05)
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being in the generic taxon (Appendix 1). Odonata, Hemi-
ptera, and Coleoptera contributed much to the diversity of
tropical aquatic insect fauna of Dak Pri stream in terms of
species and higher taxa richness (see Table 2, Appendix 1).
The faunistic and habitat characteristics of aquatic insects
observed in the study streams are as follows.

Ephemeroptera: In both streams, Ephemeroptera
represented one of the most diverse aquatic insect orders.
The tropical Asian mayfly genera such as Afronurus,
Polyplocia, Vietnamella, Telloganodes, Thalerosphyrus, and
Trichogenia were collected from Dak Pri stream. Also
found was the rare beetle-like mayfly genus Prosopistoma;
the larvae inhabited moderately to fast-flowing shallow ar-
eas containing gravel and cobble substrates. The flattened
baetid genus Platybaetis occurred commonly on the upper
surface of large flat rocks in moderately to fast-flowing open
areas. Siphlonuridae and Ameletidae, which are common in
temperate Korean streams, were absent at the sites in Dak
Pri stream.

Odonata: A relatively large number of species (55 spe-
cies) and higher taxa were present in Dak Pri stream, com-
pared to only 5 species of Gomphidae occurring in
Gapyeong stream. The tropical Asian genera Sinolestes,
Rhynocypha, Euphaea, and Bayadera were found in Dak
Pri stream. The stream-inhabiting Gomphidae was the most
diverse family of Odonata in both Dak Pri (12 genera)
and Gapyeong (5 genera) streams. Asiagomphus,
Ophiogomphus, and Gomphidia were burrowers commonly
found in sand and mud substrate in Dak Pri stream; flat-
tened and leaflike Heliogomphus were also commonly
found among the deposits of detritus in Dak Pri stream.

Plecoptera: Although the same number of species of
Plecoptera occurred in both streams, smaller numbers of
genera and families occurred in Dak Pri stream (11 genera
and 4 families) than in Gapyeong stream (16 genera and 8
families). The family Perlidae was the only diverse group of
stoneflies in Dak Pri stream. Sphaeronemoura, a unique
genus of Nemouridae that possesses clublike cerci, occurred
in Dak Pri stream.

Hemiptera: Hemiptera was notably richer in Dak Pri
stream than in Gapyeong stream. Dak Pri stream also
contained a high proportion of endemic genera, such as
Paraplea and Hydrometra, whose typical habitat was crawl-
ing among aquatic macrophytes in quiet pool areas; they
were also found in still water in big stone holes. Ranatra
(Nepidae) were commonly found associated with trailing
roots and vegetation along stream margins. Aphelocheirus,
Cheirochela, Gestroiella, and Heleocoris often occurred
under algal mats on wet rock faces around cascades or in
seeps.

Coleoptera: Coleoptera (55 species) was one of the most
diverse aquatic insect groups in Dak Pri stream while only 4
species occurred in Gapyeong stream. The gyrinid beetle
Porrorhynchus was found in various standing waters such as
lowland pools, while Dineutus inhabited sheltered micro-
habitats in upstream sites. Most hydrophilids were com-
monly found in various lentic habitats as well. Elmidae had
the greatest generic diversity (17 genera) among the aquatic
insect families occurring in the streams, while only a single
genus of the family occurred in Gapyeong stream.

Megaloptera: Only one and two species of Corydalidae
occurred in Dak Pri and Gapyeong streams, respectively.

Diptera: In both streams, although not sufficiently iden-
tified, dipterans were rich in numbers of species as well as in
individual numbers. Chironomidae showed a high degree of
species and individual richness throughout the stream sites.
Chironomids were mostly white types in both streams.

Trichoptera: Trichoptera was a major aquatic insect or-
der in terms of species and higher taxa richness in both
streams. Among the Trichoptera taxa occurring in Dak Pri
stream, Chimarra was common throughout the study sites,
and hydropsychids (Hydropsychidae) were most abundant.
Hydropsychidae, Hydroptilidae, and Leptoceridae were
relatively rich in species number, whereas Limnephilidae
and Phryganeidae, which were common in Gapyeong
stream, were rare or absent in Dak Pri stream. Oxyethira
was commonly found among algae. Orthotrichia lived in
submerged beds of aquatic plants along stream margins or

Table 2. Species number of aquatic insects in Dak Pri stream in Vietnam and Gapyeong stream in Korea derived from quantitative and
qualitative samplings

Dak Pri Gapyeong

Taxa/site V1 V2 V3 V4 V5 V6 V7 V8 Whole K1 K2 K3 K4 K5 K6 K7 K8 Whole P (n = 8)
areaa areaa

Ephemeroptera 15 16 26 30 29 32 22 30 52 20 18 23 28 28 23 19 21 37 NS
Odonata 12 14 12 8 5 8 6 5 32 0 1 1 0 0 0 0 3 5 <0.001
Plecoptera 4 11 10 8 9 9 6 8 15 8 6 4 8 7 8 7 4 15 NS
Hemiptera 2 6 7 7 3 10 5 9 19 1 0 0 0 0 0 0 1 1 <0.001
Coleoptera 8 21 18 21 24 26 23 23 55 2 1 3 1 2 2 0 2 4 <0.001
Megaloptera 1 0 0 0 1 0 1 1 1 0 0 1 1 0 0 0 1 2 NS
Diptera 16 26 23 20 18 21 21 18 40 16 15 11 14 12 12 9 12 22 <0.01
Trichoptera 20 19 22 21 19 31 14 22 53 11 7 13 20 20 17 16 22 47 NS
Lepidoptera 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 NS
Whole taxab 78 113 118 115 108 137 98 117 268 58 48 56 72 69 62 51 66 133 <0.001

Mean ± SD 110.5 ± 17.1 60.3 ± 8.5
a Whole area includes the eight sites in each stream
b Whole taxa include the aquatic insect orders that occurred in the study site
The difference in the species number between the streams was examined by paired t test; NS, not significant (P ≥ 0.05)
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in slow-flowing areas. Anisocentropus was common in slow-
current areas and in pools with abundant fallen leaves.
Limnocentropus was abundant but was limited to strong-
current riffles.

Lepidoptera: Only one species in Pyralidae occurred in
Dak Pri stream.

Community

The quantitative sampling indicated that species diversity
indices (H¢) of Dak Pri stream were higher (P < 0.05) than
those of Gapyeong stream, whereas dominance indices (DI)
of Dak Pri stream were lower (P < 0.05) than those of
Gapyeong stream (Table 3). The dominant species of
Dak Pri stream were mainly chironomids (Chironomidae
species), trichopterans (Leptocerus sp.), ephemeropterans
(Caenis sp.), and other dipterans (Prosimulium sp.),
whereas those of Gapyeong stream were chironomids (a
Chironomidae species), ephemeropterans (Paraleptophle-
bia chocolata, Uracanthella punctisetae, and Cinygmula
grandifolia), trichopterans (Goerodes sp. and Cheumat-
opsyche brevilineata), and other dipterans (Antocha sp.).

A comparison of stream order to stream order based on
the quantitative sampling also indicated that Dak Pri stream

contained relatively larger numbers of species and higher
taxa than did Gapyeong stream (Fig. 3). In both streams,
larger numbers of species were sampled in the higher
stream orders (orders IV and V) than in the lower stream
orders (orders II and III). Ephemeroptera, Diptera, and
Trichoptera were the major aquatic insect orders in both
streams and showed higher individual abundance, but
Coleoptera also showed relatively higher individual
abundance in Dak Pri stream (Fig. 4). The individual num-
bers of aquatic insects from the downstream (Kv) sites of
Gapyeong stream were notably larger than the numbers
from other sites.

An analysis of FFGs (Fig. 5) based on individual num-
bers showed that collector-gatherers were predominant
throughout the stream sites of both streams, but shredders
were relatively more abundant in Dak Pri stream while
scrapers were relatively more abundant in Gapyeong
stream. A large number of Leptocerus sp. occurred at a pool
area of the upper stream site (site V1) in Dak Pri stream,
resulting in a relatively higher proportion of the shredder
group. In the downstream sites of Gapyeong stream, collec-
tor-filterers were considerably abundant. The caddisflies
Chimarra sp. and Hydropsyche species contributed much to
the relatively larger compositions of the collector-filterer
group in Dak Pri and in Gapyeong streams, respectively.

Table 3. McNaughton’s dominance index (DI) and Shannon–Weaver species diversity index (H¢) in Dak Pri stream in Vietnam and Gapyeong
stream in Korea

Index/stream Dak Pri Gapyeong
order

II III IV V Mean ± SD II III IV V Mean ± SD P

DI 0.241 0.207 0.199 0.131 0.195 ± 0.046 0.513 0.296 0.305 0.269 0.346 ± 0.113 <0.05
H¢ 4.13 4.52 4.6 4.24 4.37 ± 0.19 3.29 3.67 4.3 3.66 3.73 ± 0.42 <0.05

The difference in the indices between the streams was examined by paired t test

Fig. 3. Average species number
of aquatic insects per Surber
sample (2500 cm2) in Dak Pri
stream in Vietnam and Gapy-
eong stream in Korea according
to stream order
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Discussion

One of the major environmental differences between tem-
perate and tropical streams is the latitudinal difference in
temperature regimen. This difference includes not only
higher annual average temperature but also lower seasonal
and altitudinal variations in temperature in tropical streams
(Dudgeon 1999). Although not precisely monitored, our
field temperature data in the springtime well reflect these
phenomena. The water temperature difference between the
upstream and downstream sites in Dak Pri stream (about
0°–3.0°C) was smaller than that in Gapyeong stream (about
5.2°C) (see Table 1), confirming the relative stability at least
in the temperature regimen of the tropical Vietnamese
stream.

Considering that the species number of Gapyeong
stream in this study (133 species) is approximately the aver-
age number of aquatic insect species of preserved Korean
streams in numerous previous reports as determined by
similar sampling methods (Bae 1996), the species number of
Dak Pri stream (268 species) is considerably larger. Al-
though there are some different reports on aquatic insect
diversity in coastal or insular areas such as Hong Kong
(Dudgeon and Bretschko 1996) and New Guinea (Dudgeon
1994), where the species diversity is generally low, our study
shows that mountain streams in continental tropical areas
such as Dak Pri stream contain much greater aquatic insect
diversity than do equivalent temperate streams. Interest-
ingly, an investigation taken from nine sites in a mountain
stream of Tam Dao National Park (21°30¢ N, 105°23¢ E) in
northern Vietnam (Nguyen et al. 2001), which belongs to
the subtropical region, showed an intermediate degree of
aquatic insect diversity (145 species, 127 genera, 63 families,
and 9 orders).

A prominent phenomenon of the difference in aquatic
insect diversity between the streams is shown in the higher
taxa. Dak Pri stream contained about double the numbers
of genera and families of aquatic insects (see Appendix 1).
It is generally known that continental areas contain greater
numbers of higher taxa than do insular areas (Cox and
Moore 1985), although the species numbers of certain
groups of organisms are sometimes particularly larger in
insular areas, as shown by the example of some aquatic
insect groups such as the Australian mayfly family
Leptophlebiidae (Peters and Campbell 1991). Pearson et al.
(1986) also found 245 species of aquatic insects in an upland
rainforest stream in tropical Australia, but their higher taxa
composition was generally low.

Although the species and higher taxa diversity was gen-
erally higher in Dak Pri stream, some taxa are well repre-
sented in either tropical or temperate streams. Odonata,
Hemiptera, and Coleoptera are the tropical representatives
of aquatic insects (Bishop 1973; Corbet 1980; Covich 1988),
and the overall taxa diversity of Dak Pri stream is largely
attributed to these aquatic insect orders. Elmid beetles also
show extreme diversity in tropical streams, as discussed by
Brown (1981). Plecoptera, however, is known as a cold-
adapted group of aquatic insects (Zwick 1986). As shown in
our sampling data (see Appendix 1) and that from northern
Vietnam (Nguyen et al. 2001), the diversity of Plecoptera
declines as latitude decreases. As Zwick (1986) noted, the
only diverse tropical family of stoneflies is the Perlidae,
which have penetrated tropical Asia as far as Borneo.

Distributions of FFGs are closely related with food re-
sources along the stream channel. Dudgeon (1994) and
Dudgeon and Bretschko (1996) found that shredders
are poorly represented in the low-order streams of Hong
Kong and New Guinea, respectively. Although collector-
gatherers were predominant throughout the stream sites in

Fig. 4. Average individual
number of aquatic insects per
Surber sample (2500cm2) in Dak
Pri stream in Vietnam and
Gapyeong stream in Korea ac-
cording to stream order
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both streams, shredders were somewhat more abundant in
the upper stream sites (order II) of Dak Pri stream because
of an occurrence of shredding caddisfly, Leptocerus sp. Al-
though this FFG classification was based on available refer-
ence sources (Morse et al. 1994; Merritt and Cummins
1996), its feeding ecology with associated food sources is yet
to be studied. The occurrence of relatively more abundant
scrapers in Gapyeong stream is probably the result of more
open in-stream conditions.

It is generally known that the higher degree of aquatic
insect diversity in tropical streams may be explained by the
following suggested hypotheses (Pianka 1994): (1) historical
event (continental association), (2) stable and benign envi-

Fig. 5. Individual number composition of functional feeding groups of
aquatic insects in Dak Pri stream in Vietnam and Gapyeong stream in
Korea according to stream order

ronment, (3) richness in microhabitats and food resources,
and (4) community (food web) complexity. Although our
study is limited to quantitatively test this individual hypoth-
esis, more than one of these hypotheses are possibly associ-
ated with the explanation of the aquatic insect diversity in
Dak Pri stream.

For instance, continental association of the aquatic insect
fauna can be the major factor, as substantiated by the
greater number of all higher taxa, except for Plecoptera,
in the tropical stream. Although a stable environment
does not always result in higher species diversity, a warm
and benign climate that is rich in microhabitats and
allochthonous food resources from surrounding riparian
forest may increase the diversity of aquatic insects in the
tropical stream. Species diversity is also positively corre-
lated to the diversity of microhabitats along the watercourse
(Ward 1992). The tropical Dak Pri stream contains rela-
tively heterogeneous microhabitats including numerous
pool–riffle sequences, waterfalls, and cascades. The sub-
strate materials are relatively diverse, including sand and
gravel, pebble and larger stones, bedrock, leaf packs, and
root masses. Dak Pri stream is also canopied to a various
extent by the riparian forest with abundant macrophytes
along stream margins; this provides relatively more hetero-
geneous microhabitats so that a large number of aquatic
insects can rely on the habitats.
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Appendix 1. Aquatic insect genera that occurred in Dak Pri stream in Vietnam and Gapyeong stream in Korea

Taxa Dak Pri Gapyeong

Ephemeroptera
Leptophlebiidae Choroterpes, Choroterpides, Choroterpes, Paraleptophlebia

Habrophlebiodes, Isca, Thraulus
Euthyplociidae Polyplocia
Potamanthidae Potamanthus Potamanthus
Ephemeridae Ephemera Ephemera
Neoephemeridae Potamanthellus Potamanthellus
Ephemerellidae Cincticostella, Ephemerella (Crinitella), Cincticostella, Drunella, Ephemerella,

Serratella, Teloganodes, Torleya, Uracanthella, Serratella, Uracanthella
Vietnamella, Teloganella

Caenidae Caenis Caenis
Prosopistomatidae Prosopistoma
Isonychiidae Isonychia
Heptageniidae Afronurus, Cinygmina, Cinygmula, Cinygmula, Ecdyonurus, Epeorus,

Ecdyonurus, Epeorus, Heptagenia, Iron, Heptagenia, Iron
Rhithrogena, Thalerosphyrus, Trichogenia

Ameletidae Ameletus
Baetidae Acentrella, Baetiella, Baetis, Centroptilium, Acentrella, Alanites, Baetiella, Baetis,

Cloeon, Heterocloeon, Labiobaetis, Nigrobaetis, Labiobaetis, Nigrobaetis, Procleoeon
Platybaetis, Procloeon

Siphlonuridae Siphlonurus
Odonata
Calopterygidae Calopteryx, Mnais
Chlorolestidae Sinolestes
Chlorocyphidae Rhinocypha
Euphaeidae Bayadera, Euphaea
Lestidae Indolestes
Platycnemididae Coeliccia
Platystictidae Drepanosticta
Aeshnidae Boyeria, Cephaleschna, Planaeschna
Corduliidae Somatochlora
Cordulegastridae Anotogaster
Gomphidae Asiagomphus, Gomphidia, Heliogomphus, Anisogomphus, Burmagomphus,

Lamelligomphus, Melligomphus, Nohonogomphus, Onychogomphus,
Merogomphus, Ophiogomphus, Ophiogomphus
Phaenandrogomphus, Sieboldius, Stylogomphus,
Stylurus, Trigomphus

Macromiidae Macromia, Macromidia
Libellulidae Brachythemis, Diplacodes, Macrodiplax, Orthetrum
Plecoptera
Taeniopterygidae Taenionema
Nemouridae Amphinemoura, Sphaeronemoura Amphinemura, Nemoura
Leuctridae Perlomyia Leuctridae gen., Rhopalopsole
Capniidae Eucapnopsis
Peltoperlidae Cryptoperla Yoraperla
Perlodidae Archynopteryx, Perlodes, Stavsolus
Perlidae Etrocorema, Kamimura, Kiotina, Neoperla, Kamimuria, Kiotina, Neoperla,

Phanoperla, Tetropina, Togoperla Oyamia, Paragnetina
Chloroperlidae Sweltsa
Hemiptera
Saldidae Saldidae gen.
Naucoridae Cheirochela, Gestroiella, Heleocoris
Aphelocheiridae Aphelocheirus
Nepidae Ranatra
Corixidae Corixa, Micronecta
Helotrephidae Distotrephes
Pleidae Paraplea
Mesoveliidae Mesovelia
Hebridae Hycarnus
Macroveliidae Macrovelia
Hydrometridae Hydrometra
Gerridae Aquarius, Asclepios, Erymetra, Rhagadotarsus Gerris
Veliidae Rhagovelia
Coleoptera
Gyrinidae Dineutus, Orectochilus, Patrus, Porrorhynchus
Dytiscidae Colymbetinae gen. Laccophilus
Hydrophilidae Berosinae, Cercyon, Coelostoma, Enochrus, Hydrophilidae gen.

Globaria, Hydrocassis, Laccobius, Lacconectus,
Paracymus, Pelthydrus
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Appendix 1. Continued

Taxa Dak Pri Gapyeong

Ptiliidae Ptiliidae gen.
Staphylinidae Bryothirusa, Oxypoda, Phytosus,

Potamalota, Stenus
Lampyridae Luciola
Scirtidae Cyphon, Elodes
Ptilodactylidae Epilichas, Stenocolus
Dryopidae Elmoparnus, Helichus
Psephenidae Dicranopselaphus, Ectopria, Eubrinax, Psephenoides Psephenoides
Elmidae Ancyronyx, Atratelmis, Cleptelmis, Elmidae gen.

Dryopomorphus, Dubiraphia, Heterlimnius,
Lara, Leptelmis, Macronychus, Microcylloepus,
Neocylloepus, Ordobrevia, Potamophilinus,
Promoresia, Rhizelmis, Stenelmis, Zaitzevia

Heteroceridae Heterocerus
Anthicidae Anthicus
Megaloptera
Corydalidae Protohermes Parachauliodes, Protohermes
Diptera
Tipulidae Antocha, Baeoura, Cheilotrichia, Dicranomyia, Antocha, Dicranota, Hexatoma,

Dicranota, Elliptera, Hexatoma, Holorusia, Tipula, Tipulidae gen.
Ilisia, Limnophila, Ormosia, Pedicia, Pilaria,
Tipula

Blephariceridae Blepharicera
Psychodidae Telmatoscopus Psychodidae gen.
Dixidae Dixa
Culicidae Culicidae gen.
Simuliidae Prosimulium, Simulium, Sulcicnephia Simulium
Ceratopogonidae Atrichopogon, Dasyhelea, Probezzia Ceratopogonidae gen.
Chironomidae Chironomidae gen., Constempellina Chironomidae gen., Tanypodinae gen.
Athericidae Atrichops, Suragina Atherix, Suragina
Dolichopodidae Hemerodromia Dolichopodidae gen.
Empididae Empididae gen.
Ephydridae Ephydra, Setacera
Tabanidae Tabanus
Trichoptera
Ecnomidae Ecnomus
Hydropsychidae Ceratopsyche, Cheumatopsyche, Diplectrona, Aethaloptera, Cheumatopsyche,

Hydropsyche, Macrostemum, Potamyia Hydropsyche
Polycentropodidae Nyctiophylax, Polycentropus, Polyplectropus Plectrocnemia
Dipseudopsidae Hyalopsyche
Psychomyiidae Lype, Psychomyia Psychomyia
Xiphocentronidae Melanotrichia
Philopotamidae Chimarra, Dolophilodes Dolophilodes, Wormaldia
Stenopsychidae Stenopsyche Stenopsyche
Glossosomatidae Agapetus, Glossosoma Agapetus, Glossosoma
Hydroptilidae Agraylea, Oxyethira, Ochrotrichia, Hydroptila

Orthotrichia, Stactobia, Stactobiella
Rhyacophilidae Rhyacophila Apsilochorema, Rhyacophila
Goeridae Goera Goera
Limnephilidae Limnephilidae gen. Apatania, Asynarchus, Hydatophylax,

Limnephilidae gen., Limnephilus,
Neophylax, Notopsyche

Brachycentridae Brachycentrus Micrasema
Lepidostomatidae Goerodes Goerodes
Phryganeidae Agrypnia
Phryganopsychidae Phryganopsyche Phryganopsyche
Odontoceridae Marilia Psilotreta
Limnocentropodidae Limnocentropus
Calamoceratidae Anisocentropus
Leptoceridae Ceraclea, Leptocerus, Oecetis, Parasetodes, Ceraclea, Mystacides

Setodes, Triaenodes, Trichosetodes
Molannidae Molannodes
Helicopsychidae Helicopsyche
Sericostomatidae Gumaga Gumaga
Lepidoptera
Pyralidae Eristena

Totals 230 genera, 91 families, and 9 orders 98 genera, 51 families, and 8 orders




