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This tender was awarded in March of 2000, and work commenced immediately. The study
had two main aims. The primary aim was to collect bascline information on the freshwater
macroinvertehrate fauna in the Mai Po Inner Deep Bay Ramsar Site: almost nothing is known
of the ecology of the freshwater habitats within the study arca, especially the
macroinvertebrates  associated with these environments, The lack of information on
freshwarter wetland invertebrate communitics is a world-wide phenomenen. The second main
aim was to investisate the use of macroinvertebrates as indicators of organic enrichment mn
the Mai Po Ramsar Site. There are several potential sources of organic pollution in the study
area. Actively managed ponds are nutricnt enriched with fertilisers to increase productivity, a
practice which undoubtedly affects the invertebrate communities of these ponds, and possibly
adjacent ponds oo, Additionally. the majority of rivers and sireams flowing through the study
arca are severcly polluted. It is possible that pollutants from these rivers will affeet lentic
freshwater habitats within the Mai Po arca. As freshwater orpganisms respond o changes in
their environment brought about by pollution and other factors, they can be used as indicators
of environmental quality, or biomonitors. Freshwater macroinvertebrates make particularly
suitable biomonilors, and there is an cxtensive literature on their use in assessing froshwater
quality. In this study, we attempted to uncover the relationships between macroinvertebrate
community structure and water quality in Mai Po freshwaters, These data would, it was
hoped, form the basis of a simple biclogical measure of organic enrichment in the study arca.

[n all. 32 fishponds and three rivers inside the Ramsar Site were sampled, with samples being
taken in both the dry (September to April) and wet (May-August) seasons. The fishponds
selected for inclusion in the survey were chosen fo represent the numerous habitats found at
Mai Po, from abandoned ponds with abundant standing and floating vegetation, to intensively
managed ponds. Sampling was concentrated around the littoral zone, especially emergent and
riparian vegetation, where invertebrate richness and density is highest, Invertebrates were
collected using a 10in. by [2in. D-framed 300um mesh sweep-net. Five to 15 minutes
sampling effort was allocated to cach microhabitat {(emergent/floating vegetation, upper
sediment layer). Samples were put in plastic bags and preserved with 70% cthanol on site. In
addition to sweep samples through vegetation, sediment samples were laken at each site by
dragging a sweep net through the upper sediment layers. However, as the abundance and
diversity of macroinvertebrates in this microhabitat was gencrally very low, sediment samples
were excluded from further analysis. As well as investigating lentic habitats, three rivers and
streams in the study area were also sampled. Artificial multi-plate samplers were deployed at
the sample sites, and collected four to six weeks later. All three lotic sampling sites werce
exeluded from detailed analysis, as they were found tw be tidal, and therefore brackish.,

Water samples were collected once from cach site during both seasons, and measurements of
water nutrient levels, oxyeen concentrations and other parameters were taken, Aside from
water chemistry, other habitat characteristics variables of cach sample site, such as the extent
of emergent and tloating vegetation, were also recorded.

In total 34,664 individuals from 173 macroinvertebrate morphospecics were collected during
the course of the study. Overall, samples were dominated, in terms of both biomass and
abundance, by relatively few taxa. Dominant taxa included thiarid smails, palacmonid
shrimps, Hemipterans, dragonily nymphs, and chironomid larvac.,

The habitats at Mai Po did not support many locally rare taxa, but were especially rich in
libellulid dragonfly larvae, Compared to other freshwater wetlands in Hong Kong, fewer
species of ceratopogonids, tipulids, caddistlics and maytlies were recorded, indicating that the
sites were organically enriched.

[n many cases, the impact of human activitics on the habitats sampled was readily apparent,

Actively managed ponds tended o support species-poor communities, and were dominated by
palacmonid shrimps and thiarid snails. Less intensively managed and abandoned ponds
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supported  much  richer communities, with free swimming Hemiptera, Odonata  and
nematocerid Diptera being especially abundant.

Seasonal changes in the communities found in most ponds were dominated by changes in the
refative abundance of taxa common in both the wet and dry seasons (e.g., Agriocnemis Ul,
Lipionychus rusticum, palacmonid shrimps), rather than the presence or absence of taxa in
different seasons. Overall, taxon richness in both managed and unmanaged ponds tended o be
higher in the dry season. Extremely large seasonal changes in the invertebrate communitics of
some ponds were noted, but these were atiributed to human activities (such as management)
rather than natural changes.

Studies of community structure generally vield large species/sample matrices, in which it can
be hard tw identify patterns in the data. Multivariate analysis techniques are a group of
statistical mcthods that are ideally suited to simplifving and identifving trends in such data.
Three multivariate techniques were applied in the present study: ordination, classification and
indicator specics analysis. These techniques revealed a number of factors that appeared to
influence macroinvertchrate community structure in Mai Po freshwaters. Of these, the
intensity of management had a dominant effect. Multivariate analysis divided the ponds
sampled into two broad groups, One group largely comprised unmanaged ponds with
extensive stands of vegetation. These ponds supported refatively species rich communitics.
The scecond group consisted of intensively managed ponds with sparse vepetation. They
contained few  macroinvertebrate laxa, and palacmonid sheimps (Macrodrachivm  and
Leptocarpus) overwhelmingly dominated the communities,

In the present study no strong relationships were found between chemical indicators of
poilution and macroinvertebrate community structure, This is probably because water guality
was uniformly bad throughout the study area, with ammonia concentrations being particularly
high in hoth managed and unmanaged ponds. There are numerous heavily polluted streams
and rivers running through the study area. Previous studics in Hong have noted that wetlands
adjacent to polluted bodies of warter tend to have poor water quality as well. Given the small
size of the study area, it is possible that the majority of ponds are affected to some extent by
polluted water from nearby streams, regardicss of whether they are managed or not, A
comparison of the water chemistry of ponds in the Mai Po arca with wetlands elsewhere in
Hong Kong suggested that freshwaters throughout the study area were organically enriched.
Ammonia concentrations in the ponds at Mai Po were approximately 10 times higher than at
other wetland sites around Hong Kong. Conversely, taxon richness was considerably lower at
Mai Po compared to other wetlands around Hong Kong: two to five times as many taxa were
found at other wetland sites when compared to the Mai Po Area.

Beeause water quality was poor in the majority of sampled ponds. other factors related to
management practices determined the differences in macroinvertebrate community structure
observed in the smudy area. Such factors included predation by farmed fish, the removal of
standing vegetation, and the regular draining and liming of ponds. These findings posed two
difficultics when trying to develop a biomonitoring programme for the study area:

a)  When biomonitoring, it is important to have a sct of reference sites that are unimpacted or
minimally impacted. o which impacted sites can be compared. Organic enrichment
affected all ponds in the study area, and as a result, no suitable reference sites were
available.

b) The community composition of managed and unmanaged ponds was very different. As a
consequence, it was impossible  develop a  biomonitoring  programme  which
incorporated bath habitat tvpes.



A possible solution to these problems was 1o treat the two groups of sites - managed and
unmanaged - scparately. Multivariate analysis could then be employed to identify the least
polluted sites in cach of these groups, and the communitics in these sites used as a reference
to which more degraded sites could be compared. To this end, further analysis was carried
out, treating the two groups of sites (managed and unmanaged) scparatcly. When analysed in
this manner, multivariate analysis split both groups of ponds into three clusters. Again,
prganic pollution did not appear to be important in determining the communitics found in
these groups. Salinity and pll appeared to influence the communitics in unmanaged ponds,
whereas no clear differences between the three groups of managed ponds were found. [t was
concluded that organic pollution from rivers and strcams, and resulting from management
practices such as the addition of nutrients to ponds, affected all the sampled ponds to some
extent.

Although it proved impossible to devise a biotic index of organic enrichment for the Mai Po
arca, the lomg term monitoring of macroinvertebrate communities at Mai Po will allow gross
changes in pollution to be detected. [t was suggested that the sampling techniques used in this
study; sampling the littoral zones of ponds with a sweep net; will prove adequate in any lomg
term monitoring programme. Measures of species richness could serve as a general indicator
of long term pollution trends in the study arca. This simple metric has the advantage of not
requiring detailed keys: taxa can be allocated to morpho-speeies, In addition to monitoring
changes in *:.pu.,lu richness, a sceond sugpested approach is to look for the presence of
sensitive species. Certain taxa common in other Hong Kong wetlands were absent or had a
limited distribution in the Mai Po area. Some of these species arc regarded as pollution
intolerant. A list of seasitive taxa, collated from stdies in less disturbed habitats m Hong
Kong, is given in section 6 of the report, The establishment of these taxa in the Mai Po arca
would point to a gencral improvement in water quality,
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