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Abstract

Amphipsyche meridiana Ulmer, 1909. larvae from the River Pasak below the Pasak Jolasit Dam were examined for
alteration of morphological structure such as the anal papillae, surface, and tracheal gills of the larvae. The tracheal
gills were the most altered followed by surface and anal papillae. Factors such as conductivity, and inputs of
orthophosphate, sulfate, turbidity, other contaminants, and/or stream profiles may have contributed to the
abnormalities.
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I ntroduction

The gills of aquatic macroinvertebrates are one of the most affected structures on an organism when
the surrounding environment is altered. They are particularly sensitive due to their large surface area,
which increase the accumulation of compounds and gases (Skinner & Bennett 2007). Direct effluent
discharges and agricultural runoff contains complex mixtures of contaminants which may produce
new compounds due to break-down and transformation processes and hence contribute to the
complexity of the total toxic burden. The use of only chemical and physical measurements may not
fully assess the synergistic effect of pollution on the biotic community (Resh & Jackson 1993). In
general, biological indicators provide the potential for direct observation of the overall effect of
environmental contaminants by virtue of their role in aquatic ecosystems (Warwick 1988).

The larvae of Hydropsychidae can be ideal subjects for the study of the effect of water quality on
morphological abnormality for several reasons. First, hydropsychids are widely distributed and
abundant in many types of running waters. Second, they respond to variations in the water quality
and their autecology is well enough known for the impact of pollutants to be distinguished (Vuori
1995). Third, due to their robust bodies, hydropsychid larvae are easily handled and observed for
morphological abnormalities. Fourth, abnormalities in the hydropsychid tracheal gills and the ion-
regulatory, anal papillae, can be attributed to a disruption of the respiratory and ion regulation
functions of the individual (Camargo 1991; Vuori 1994). Fifth, the relatively large size facilitates
sampling and analysis of the concentrations of chemicals in the larvae. Finally, the hydropsychid
larvae, as facultative filter feeders, are exposed to pollutants in seston, flowing water and the organic
matter accumulated in riffle microhabitat (Vuori & Kukkonen 1996).
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The purpose of this study was to investigate the individual morphological abnormalities of the
Amphipsyche meridiana larvae living in the side channels below the Pasak Jolasit Dam and to
consider possible impacts of physico-chemical factors (e.g., dissolved oxygen (DO), pH, water
temperature, conductivity, total dissolved solids (TDS), sulfate and nutrients) on morphological
structure.

Sudy area

Investigations were conducted at the outlet of the Pasak Jonlasit Dam which was constructed across
the Pasak River. The origin of the Pasak River (N 14° 21' 44" ~ 17° 06' 02", E 100° 34' 40" ~ 101°
32' 56", area: 15 779 km?, length of main stream: 1 039 km) is in the highlands of Phetchaboon
Province and flows through hundreds of kilometers of the central plain of Lopburi and Saraburi, and
joins the Chao Phraya River at Ayutthaya Province. This river flows from the mountainous north to
the south. There are short tributaries from the east and the west joining the river as it flows to the
Chao Phraya River (Fig. 1).

FIGURE 1. Sampling site at Pasak Jolasit dam outlet, Lopburi Province, Thailand; N 14° 51’28, E 101°04’ 07.

Material and methods

Larvae of the hydropsychid Amphipsyche meridiana were sampled from the margins of the Pasak
River below the Pasak Jolasit Dam. The specimens were collected during July to December 2008. In
each month, larvae were hand-picked for 30 min and preserved in 95% ethanol, and checked for
morphological abnormalities.

Physico-chemical parameters of water quality in the river were recorded directly at the sampling
site and included pH, water temperature, dissolved oxygen (DO), conductivity, and total dissolved
solids (TDS). Water samples from each collecting period were stored in polyethylene bottles (500
ml). The ammonia nitrogen (NH,-N), sulfate (SO,*), nitrate-nitrogen (NO,-N), orthophosphate (PO,-
P) and turbidity were determined in accordance with standard procedures (APHA 1992).
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Structural changes in the tracheal gills, surface and anal papillae of the larvae were observed and
counted under a stereomicroscope. Minor darkening (often single, pigmented spots) was not
catergorized as a morphological abnormality because this may be induced by natural causes.

Analyses

The physico-chemical water quality parameters and hydropsychid impairment were analyzed by
Pearson’s correlation in SPSS software programs (Version 13.0 for Windows).

Results and discussion

The physico-chemical parameters of water quality are shown in Table 1. A total of 1,227 individual
larvae of Amphipsyche meridiana were collected during 6 months (Table 2).

TABLE 1. Values of physico-chemical variables.

Temp.W Cond. TDS DO NO,-N NH-N PO-P  SO*  Turbidity

Month (°C) pH (uslcm)  (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (FTU)
Jul-08 31 8.1 244 135 5.7 14 0.55 0.27 35 74
Aug-08 27.5 7.55 276 137 6.55 1.45 0.27 0.055 18 8
Sep-08 26.2 7.9 294 146.5 6.35 2 0.27 0.03 22 7
Oct-08 29.1 7.7 311 156 5.85 15 0.26 0.03 21 4
Nov-08 27.3 7.8 316 156 4.19 1 0.01 0.11 21 6
Dec-08 26.2 7.3 308 152.7 3.56 0.8 0.05 0.1 21 1

TABLE 2. Percentage of larval impairment in each month.

Month Number of larvae collected Number of larvae % Impairment
impairment
Jul-08 453 71 15.7
Aug-08 426 46 10.8
Sep-08 298 28 9.4
Oct-08 102 11 10.8
Nov-08 182 17 9.3
Dec-08 219 25 114

Hydropsychid morphological abnormalities were easily distinguished as heavy darkening,
malformation and/or reduction of single gill tufts. Darkening of the gills appeared to start either at
the basal or distal ends. Three morphological categories were found: A) all structures considered
normal with pale, clear gills and surface; B) tracheal gills malformed and surface of abdomen with
small wounds; and C) tracheal gills reduced to single gill tufts and surface of abdomen with large
wounds. A normal morphology compared to an impaired morphology is shown in Fig. 2.
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FIGURE 2. A. Morphology structure normal, B. tracheal gill malformation and surface of abdomen with small
wounds, C. tracheal gill reduced to single gill tufts and surface of abdomen with large wounds.

The highest number of individuals collected occurred in July, and the lowest number was in
October when the flood period occurred. In November, 182 hydropsychid larvae were examined for
morphological abnormalities, and in September where 298 hydropsychid larvae were screened and
exhibited the lowest levels of morphological impairment at the outlet, 9.3 and 9.4 respectively (Table
2).

The correlation between physico-chemical water quality parameters and hydropsychid
impairment was also analyzed. Conductivity was negatively correlated with hydropsychid
impairment (p < 0.05), while orthophosphate, sulfate, and turbidity were positively correlated with
hydropsychid impairment (p<0.05) (Table 3).

TABLE 3. Pearson’s correlations coefficient between physico-chemical parameters and hydropsychid impairment.

Temp. W. Conductivity DO NH,-N PO,-P SO~ Impairment
Turbidity 0.820* -0.875* 0.821* 0.910* 0.963** 0.911*
TDS -0.946**
NH,-N -0.885*
NO,-N 0.884*
S0z 0.901*
-0.821* 0.867* 0.877*

Impairment

**: Correlation is significant at the 0.01 level, positive (+)
*: Correlation is significant at the 0.05 level, negative (-).

Our results and observations are quite preliminary because data were collected only in the outlet
of the dam and without data collected simultaneously in the natural unpolluted water. | plan to gather
and analyze more physico-chemical data in the future. Moreover, experimental data are needed
before one can surely determine factors causing the development of morphological abnormalities of
this hydropsychid species in the outlet of the dam. It is fair to assume that the pollutants being
discharged into the system are creating a stressful environment for benthic organisms, but the most
stressful parameters have not been determined.
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Various studies (Skinner & Bennett 2007; Vuori 1994; Vuori & Kukkonen 1996, 2002) pointed
out that gill abnormalities present in aquatic macroinvertebrates collected from both polluted and
unpolluted rivers may have minor darkening or broken branches with darkened wounds which may
obscure interpretation. Wounded individuals may grow gills more slowly, fail to pupate and
eventually die before completing their life cycles (Vuori 1994, 1995). However, additional data (e.g.,
experimental evidence and biochemical and physiological measures) are needed to confirm the
ecological relevance of these morphological abnormalities.

Field studies indicate that hydropsychid anal papillae damage is possibly related to changes in
ion exchange processes of streams, typical for acidified and metal-contaminated waters. These
papillae function as ion regulatory (osmoregulatory) organs in hydropsychids. The anal papillae of
freshwater caddisfly larvae possess specialized cells (chloride epithelia) which are able to absorb
electrolytes and thus compensate for the loss of ions due to the hypotonic environment. On the other
hand, gill abnormalities are more related to exposure to organic pollution, which typically results in
decreased oxygen concentrations (Vuori 1995; Vuori & Kukkonen 1996).

Acknowledgements

Thanks to my colleague, Miss Orn-uma Suphasri who helped with the fieldwork. I also thank Mr.
Dave Ruiter and one anonymous referee for constructive criticisms on the manuscript. This research
was supported by Kasetsart University Research and Development Institute (KURDI 2008), partly
supported by the Faculty of Liberal Arts and Science, Kasetsart University, Kamphaeng Saen
Campus, and the International Foundation for Science (IFS) (grant W/4661-1).

References

APHA (1992) Sandard methods for the examination of water and wastewater, Section 5210, 18"ed. Washington DC:
American Public Health Association Water Works Association, American Water Environment Federation, p.
5.1-5.6.

Camargo, J. (1991) Toxic effects of residual chlorine on larvae of Hydropsyche pellucidula (Trichoptera,
Hydropsychidae): A proposal of biological indicator. Bulletin of Environmental Contamination and Toxicology, 47,
261-265.

Resh, V.H. & Jackson, J.K. (1993) Rapid assessment approaches to biomonitoring using benthic macroinvertebrates. In:
Rosenberg, D.M. & Resh V.H. (Eds), Freshwater biomonitoring and benthic macroinvertebrates. Chapman and
Hall. New York. pp. 195-223.

Skinner, K.M. & Bennett, J.D. (2007) Altered gill morphology in benthic macroinvertebrates from mercury enriched
streams in the Neversink Reservoir Watershed, New York. Ecotoxicology, 16, 311-316.

Vuori, K.-M. (1994) Rapid behavioural and morphological responses of hydropsychid caddis larvae (Trichoptera,
Hydropsychidae) to sublethal cadmium exposure. Environmental Pollution, 84, 291-299.

Vuori, K.-M. (1995) Species and population specific responses of translocated hydropsychid larvae (Trichoptera,
Hydropsychidae) to runoff from acid sulphate soils in the river Kyrénjoki, Western Finland. Freshwater Biology, 33,
305-318.

Vuori, K.-M. & Kukkonen, J.V.K. (1996) Metal concentrations in Hydropsyche pellucidula larvae (Trichoptera,
Hydropsychidae) in relation to the anal papillae abnormalities and age of exocuticle. Water Research, 30 (10),
2265-2272.

Vuori, K.-M. & Kukkonen, J.V.K. (2002) Hydropsychid (Trichoptera, Hydropsychidae) gill abnormalities as
morphological biomarkers of stream pollution. Freshwater Biology, 47, 1297-1306.

Warwick, W.F. (1988) Morphological deformities in Chironomidae (Diptera) larvae as biological indicators of toxic
stress. In: Evans, M.S (Ed), Toxic Contaminates and Ecosystem Health: a Great Lakes Focus, John Wiley and Sons,
New York. pp. 281-320.

412 - Zoosymposia5 © 2011 Magnolia Press PROMMI



