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Aquatic Insect Ecology of the Keelung River and Ching-Mei
Stream and Taxonomic Research of Water Beetles
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Abstract

Ordination technigue is aways needed
in community structure studies of stream
ecology, which contain large amount data of
taxa, in order to evaluate the temporal and
gpatial variations of community structures.
This study present the results of aquatic
insects fauna and related ecological studies
conducted at 5 sampling sites in the upper
Kedlung River, Taiwan, from Aug., 2000 to
Jul., 2001. The environmental factors and
the aguatic insect composition were
investigated to define the relationship
between aquatic insect community structure
and environmental parameters by using
multi-dimensional scaling (MDS) instead of
principal  component anaysis (PCA)
ordination technique.  The analysis of
one-way ANOVA indicated that most of
aguatic insect parameters and environmental
parameters were significant affected by site,
but not by season. Severa environmental
variables, included conductivity, turbidity,
and the concentrations of phosphate and
ammonia, were significantly correlated with
the aquatic insect taxa richness and diversity
index(p<0.05). Biotic indices showed that
the  environmental situations  were
significantly  worsen  from  upstream
sampling sites to downstream sites. The
results also indicated that shows difference



between  2-D dimensional scaling
distributions from different identification
levels (genus-species level, family level, and
order level) was dlight evident.  Ten taxa of
8 families, belonging to 4 orders, were
identified to be the key species constitute the
profile of agatic insect community structures
of the Keelung River. Time seria changes
of aguatic insect community structures
within each sampling site were aso
presented as a base of .future researches on
the effects of spates and engineering work
alongside the river on the communities and
their recovery progresses. As to the
taxonomic study on aguatic water beetles,
three papers were completed and published
or submitted on foreign journals and book,
which including a synopsis of aquatic
fireflies with a description of a new species,
revision of the Genus Diaphanes of Taiwan,
and notes on the taxonomy of Lamprigera
yunnana and the genus Lamprigera.

Keywords: Aqugtic insects, Multidimen-
sional scaling, Community structure,

Biotic  indices, Lampyridae,
Psephenidae, Taxonomy, new Sspecies,
Luciola, Diaphanes, Lamprigera,
Microeubria.
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2.
1
a ( )(Taxarichness)
()
b.
50cm” 50cm
05" 05=0.75 (m?)
( / )
(D) = (N)/0.25
C. (Dominant species)
d. (Diversity) (Hughes, 1978;

Ludwig & Reynolds, 1988)

Shannon’s diversity index N
[ N

H =-a (p logp)
P =n /N
e. (Evenness) (Ludwig &
Reynolds, 1988)

Pielou evenness index

Pielou evennessindex: J =H’/In(S)
S
f. EPT Index (Ephemeroptera,
E) (Plecoptera, P)

(Trichoptera, T)

g. EPT (EPT abundance)
(B) (P) (T)

h. (Chironomidae
abundance)

i. EPT
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(ratio of

@)

a (temperature) Delta OHM
HD8705 Microprocessor  Multiiuse
pH/mv/ Meter; US PAT 5373346
StowAway XTI Internal / Externa
Timperature Logger

b. (pH) Deta OHM HD8705
Microprocessor Multiiuse pH/mv/
Meter; AQUA Micro pH-Pen

d. (dissolved oxygen) PINPOINT™,
American  Marine Inc.,, Dissolved
Oxygen Meter

e. (total dissolved solid) /

(conductivity) HANNA HI9635

Portable  Waterproof Multi-Range
Conductivity / TDS Meter

f. (burbidity) HANNA HI93703
Microprocessor Turbidity Meter

h. (hardness) HANNA, HI3811,
HI13812, HI3815, HI3822, HI3834

i (amonia) HANNA HI193700
Microprocessor Amonia Meter

j- (phosphate) HANNA HI93713
Microprocessor Phospate M eter

(3).
a (Family-level Biotic
Index, FBI)
Hilsenhoff (1988)
(FBI) Hilsenhoff

(Hilsenhoff‘s Biotic Index, Bl)

(Hilsenhoff 1982, 1987)
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TAXA Common name Abbr. TAXA Common name Abbr.
EPHEMEROPTERA Eph TRICHOPTERA Tri
Heptageniidae Hepta Stenopsychidae Steno
*(a)(b) * Senopsyche sp.
* Epeorus erratus Hydropsychidae Hydro
Nixe (Nixe) sp. * Cheumatopsyche sp.
Leptophlebiidae Lepph *Hydropsyche sp.
* Choroterpes sp. Philopotamidae Philo
*|Habrophlebiodes prominens *|Chimarra sp|
* Thraulus sp. Hydrobiosidae Hydbi
Ephemeridae Ephem *|Apsilochorerma sp)
* Ephemera formosana Rhyacophilidae Rhyac
Ephemerellidae Ephml  * Rhyacophila sp.
* Ephemerella sp. Leptoceridae Lepce
* Jorleya glareosa * Ceraclea sp.
Caenidae Caeni Mystacides sp.
*|Caenisp) Goeridae Goeri
Baetidae Baeti *Goerasp.
*|Baetis sp., Brachycentridae Brach
*|Baetiella bispinosa * Micraserma sp.
* Pseudocloeon sp. Hydroptilidae Hydpt
* Cloeon sp. * Hydroptila sp.
*Ecnomidae Ecnom
ODONATA Odo
Euphaeidae Eupha PLECOPTERA Ple
*|Euphaea formosd Nemouridae Nemou
Gomphidae Gomph * Amphinemura sp.
* Qylogomphus shirozui * Nermoura sp.
* Onychogomphus formosanus * Protonemura sp.
* Heliogomphus retroflexus Perlidae Perli
Seboldius deflexus * Neoperla sp.
*Leuctridae Leuct

11



( 71

TAXA Common name Abbr. TAXA Common name Abbr.
ODONATA COLEOPTERA Col
Libellulidae Libel Psephenidae ; Pseph
* Zygonx takasago * Psephenoides sp.
Orthetrumsp. * Eubrianax sp.
Cordulegasteridae Cordu  Mataeopsephus sp.
Chlorogomophus risi Ectopria sp.
Calopterygidae Cdop Elmidae Elmid
Matrona basalis basalis * Senelmis formosana
* Senelmis wongi
DIPTERA Dip  *Grouvéllinussp.
Chironomidae Chiro *Zaitzevia sp.
*(Chironomini Chir  Dryopidae Dryop
*Orthocl adii ng Orth  * Elmomorphus sp.
*Tanytarsini Ttar *Hydrophilidae Hydph
*Tanypodinae Tpod  Pelthydrussp.
Simuliidae Simul  Agraphydrussp.
* Smulium sp. Ptilodactylidae Ptilo
Tipulidae Tipul *Scirtide Scirt
* Antocha sp. *Staphylinidae Staph
* Hexatoma (Eriocera) sp.
* Tipula sp. MEGALOPTERA ; Meg
Athericidae Ather Corydalidae ; Coryd
* Atherix sp. * Protohermes costalis
Empididae Empid * Neochauliodes sinensis
* Hemerodromia sp.
Psychodidae Psych LEPIDOPTERA Lepid
* Psychoda sp. Pyralidae Pyral
*Ceratopogonidae Cerat  Eoophylasp.
Syrphidae Syrph
Blepharoceridae Bleph HEMIPTERA Hem
*Culicidae Culic Gerridae Gerri
*Gerrissp.
Hydrometridae Hydme
Veliidae Velii
(a) *) 40 61 9 46 75
(b | BVSTEP 10

12



2 (mean + SE.)

(Site 1) (Site 2) (Site 3) (Site 4) (Site 5)
Taxarichness 254+9.8  21.1+6.3®  13.8+46.0° 6.0+1.4°¢ 9.4+11.8¢
Density 1873.5 1758.3 1201.0 113.3 1193.2

(no./m?) +2212.72 +15285%  +1074.9% +48.9°¢ +2614.8™
Diversity  1.86+0.35° 1.56+0.48% 1.39+0.24° 0.1.31+0.34° 1.09+0.55°¢
Evenness  0.62+0.15® 053+0.17° 0.55+0.10° 0.74+0.12% 0.62+0.20®

*MeantS.E. in arow followed by same letter are not significantly different at p <
0.05, by Duncan’s new multiple range test (n=8).

3

1 2 3 4 5 6 7 8 9 10

Community parameter

1. Taxarichness 1.00

2. Density .80 1.00

3. Diversity 63 .28 1.00

4. Evenness -35 -.67 .43 1.00

5. EPT index 98 .79 59 -38 1.00

6. EPT abundance 83 89 46 -49 .83 1.00

7. EPT/Chironomidae ratio 45 49 -02 -53 47 58 1.00

8. Dominant taxaratio -26 -01 -8 -66 -.22 -17 .32 1.00
Index

9. Family-level biotic index -65 -50 -.34 .36 -66 -.77 -69 .00 1.00

10. Rapid bioassessment protocol .79 56 .68 -08 .76 .66 .25 -41 -52 1.00
*Values of coefficientsin bold are significant (p<0.05).

4 (mean + SE.)
(Site 1) (Site 2) (Site 3) (Site 4) (Site 5)
Water 19.744.8%  22.0+¢5.7°  23.4+57%  23.8+54%  250+5.7°
temperature (°C)
Dessolved 8.85 9.36 7.64 7.42 7.22
oxygen (ppm) +1.312 +1.142 +1.75% +2.10% +1.76°
pH 7.59+0.16% 7.77+0.35% 7.67+0.48% 7.63+0.39% 7.98+0.332

Conductivity — 134.1+40.6° 210.7+97.0% 202.1+119.9"° 250.2+113.9° 491.9+126.42
(me/cm)
Turbidity 0.96+0.62° 15.38+16.82° 13.81+22.51° 20.31+22.31° 70.72+71.57%
(FTU)

Phosphate 0.12+0.04° 0.11+0.09° 0.39+0.26% 0.36+0.15% 0.74+0.452
(Ppm)

NH(ppm) 0.15+0.24° 0.10+0.07° 1.11+1.07° 0.81+053° 3.52+2.06%
Alkalinity 44.3+14.4° 47.7+226° 46.3+245° 50.3+225° 104.3+45.132
(Ppm)
Hardness 55.8+25.1° 66.9+30.7® 583+32.7° 65.0+255° 116.0+20.52
(ppm)

*MeantS.E. in arow followed by same letter are not significantly different at p <

0.05, by Duncan’s new multiple range test (n=9).
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5

1 2 3 4 5 6 7 8 9

1.Weter temperature
2.Dessolved oxygen
3.pH

4.Conductivity
5.Turbidity
6.Phosphate

7.NH

8.Alkalinity
9.Hardness

1.00

-.45 1.00

35 26 1.00

72 -48 .43 1.00

-.08 -.14 -.03 .33 1.00

39 -48 13 55 42 1.00

44 -45 14 77 43 .77 1.00

66 -38 45 81 .08 .36 .52 1.00
.70 -43 31 .80 .35 .39 .46 .58 1.00

*Values of coefficientsin bold are significant (p<0.05).

6
Taxarichness  Density Diversity Evenness
1.Water temperature -0.17ns. -0.05n.s. 0.05n.s. 0.15n.s.
2.Dessolved oxygen 0.27ns. 0.16 n.s. 0.15ns. -0.03n.s.
3.pH -0.15n.s. 0.01n.s. -0.14ns. -0.02n.s.
4.Conductivity -0.36* -0.19ns. -0.33ns. 0.03n.s.
5. Turbidity -0.36 * -0.29n.s. -0.39* 0.02n.s.
6.Phosphate -0.52 ** -0.26 n.s. -0.46 ** -0.01n.s.
7.Amonia -0.46 ** -0.25ns. -0.46** 0.01n.s.
8.Alkalinity -0.19n.s. -0.14 ns. -0.14ns. 0.07 n.s.
9.Hardness -0.13 n.s. -0.13 n.s. 0.11ns. 0.27n.s.

*: p<0.05; **: p<0.01; ***: p<0.001; n.s.: not significant.
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(one-way ANOVA)
Site Season
F value p Fvalue P
Aquatic insect parameters
1.Taxarichness 12.47 0.0001 0.44 0.7236
2.Density 347 0.0196 1.92 0.1472
3.Diversity 7.14 0.0004 0.46 0.7147
4.Evenness 1.63 0.1930 1.18 0.3332
5.Dominant species % 2.29 0.0835 1.73 0.1812
6.EPT index 10.26 0.0001 0.47 0.7052
7.EPT abundance 10.72 0.0001 1.08 0.3739
8.Shredders 2.53 0.0617 1.45 0.2482
9.Filtering Collectors 1.98 0.1247 2.32 0.0953
10.Gathering Collectors 4.19 0.0084 0.76 0.5255
11.Scrapers 2.80 0.0444 0.73 0.5424
12 Predators 6.57 0.0007 0.20 0.8948
Biolotical index
1.Family-level index 15.05 0.0001 245 0.0825
2.RBP 10.48 0.0001 1.20 0.3279
Environmental parameters
1.Water temperature 0.89 0.4827 32.68 0.0001
2.Dessolved oxygen 2.89 0.0361 2.00 0.1311
3.pH 0.83 0.5174 4.40 0.0098
4.Conductivity 10.67 0.0001 6.29 0.0015
5.Turbidity 5.07 0.0025 0.73 0.5402
6.Phosphate 7.42 0.0003 0.36 0.7850
7.NH 10.65 0.0001 0.87 0.4651
8.Alkalinity 3.06 0.0320 7.63 0.0026
9.Hardness 2.14 0.1130 9.05 0.0014
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PRIMER

5
1 3
11
1 2 2
2122%3 3 45
13 1
3 4
3
BVSTEP 10

20




Stress: 0.09

Stress: 0.09

Stress: 0.09

$ 4
2.1
1231 3 3 54 1
1, g7 ©. ®
1 32 3 3
2
(B)
Stress: 0.09
22131, 454
8 1
11, 8% 394 6
1 32 3 @
2
(D)
(A) (B) ©)

21




(B)

(E)

22

(A)

(B)

(

2001

(F)

) (©)



1 Hilsenhoff

(Biotic Index)

(Family-level Biotic

Index) (Hilsenhoff 1987, 1988)
Water Quality Bioticlindex Range Family-level Bl Range
Excellent 0.00-3.50 0.00-3.75
Very Good 3.51-4.50 3.76-4.25
Good 4.51-5.50 4.26-5.00
Fair 5.51-6.50 5.01-5.75
Fairly Poor 6.51-7.50 5.76-6.50
Poor 7.51-8.50 6.51-7.25
Very Poor 8.51-10.00 7.26-10.00
2 I11(Rapid Bioassessment Protocol I11)
(Plafkin et al. 1989)
Biological Condition Scoring Criteria
Metrics 6 4 2 0
1. Taxarichness® >80%  60-80% 40-60%  <40%
2. Hilsenhoff biotic index® >85%  70-85% 50-70%  <50%
3. Ratio of scrapersffil. collectors®® >50%  35-50% 20-35%  <20%
4. Ratio of EPT and Chironomid abundances® ~ >75%  50-75%  25-50%  <25%
5. % contribution of donimant taxon'® Q0%  20-30% 30-40%  >40%
6. EPT index® >00%  80-90% 70-80%  <70%
7. Community lossindex® <05 0515 1540  >40

(a) Scoreisaratio of study site to reference site x 100.
(b) Scoreisaratio of reference site to study site x 100.
(c) Determination of Functional Feeding Group is independent of taxonomic grouping.
(d) Scoring criteria evaluate actual percent contribution.

(e) Range of values abtained.

3 I11(Rapid Bioassessment Protocol 111)
(Plafkin et al. 1989)

Biological condition Category

% Comp. to Ref. Score

Non-impaired
Slightly impaired
Moderately impaired
Severely impaired

> 83%
54-79%
21-50%
<17%

23



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	page17
	page18
	page19
	page20
	page21
	page22
	page23

