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ABSTRACT

Construction of the Jabiluka mine in July 1998 created the potential for elevated levels
of suspended sediment to wash into Swift Creek via several tributaries, over the 1998/99
wet season. To assess disturbance on the benthic macroinvertebrate fauna in Swift
Creek, downstream of the mine, a modified MBACIP design was implemented. Paired
sites were selected in Swift Creek (upstream of mine influence and downstream with
potential mine influence), and in three control streams: Catfish, North Magela, and 7J
creeks with placement of upstream/downstream sites all approximately 1 km apart. An
additional downstream site was also sampled in Swift Creek to detect any gradient
effects if present. Sampling was undertaken every 3 weeks over the wet season,

commencing in late December until early May, when recessional flows commenced.

Turbidity recorded at the gauging stations in Swift Creek indicated elevated turbidity at
the downstream site relative to the upstream site for the first 6 weeks of sampling.
However, maximum levels recorded were relatively low and short-lived in contrast to
earlier studies where effects were observed. The modified MBACIP design allowed for
comparisons to be made between streams based on multivariate dissimilarity, and

univariate difference (richness and abundance) data.

Results found no anomalies in Swift Creek in relation to the control streams for any of
the measures of site difference. ANOVA between creeks for dissimilarity and difference
data revealed no significant interactions between the creeks at any of the sampling
events (apart from those attributable to higher macroinvertebrate abundance at Catfish
Creek). Macroinvertebrate community structure over the wet season produced arch-

shaped trajectories for all creeks, indicating similar seasonal patterns of taxa succession.

Therefore, results all support a conclusion of no observable effects on the

macroinvertebrate communities downstream of the Jabiluka project area.
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Chapter 1: Introduction

This study examines disturbance in sireams through the responses of benthic
macroinvertebrate fauna over the 1998/99 wet season, in the Northern Territory,
Australia. Trends of recolonisation and faunal succession are compared between four
streams to test for anomalies in one potentially-impacted stream, which flows
downstream from the Jabiluka mine site. The following review provides information on
the role of disturbance in aquatic ecosystems, and reviews information relevant to the

ecology of seasonally-flowing streams and impact assessment in lotic systems.
1.1 Disturbance in streams

Stream communities experience a range of natural environmental extremes that can be
physical, chemical and/or biological (Doeg et al 1989). Physical extremes include stream
discharge where high flow events can dislodge large stones causing saltation, scouring
of the stream bed, and an increase in sediment loads to the water column and/or benthos.
Stream flow influences many other variables such as habitat area, cwrent velocity,
channel geomorphology and substratum stability (Poff and Ward 1989). High flow
events can clearly disturb the environment and, when they affect stream fauna
detrimentally can be thought of as a “disturbance”, defined as “any relatively discrete
event in time that disrupts ecosystem, community, or population structure and changes
resources, substrate availability or the physical environment” (Pickett and White 1985).
Communities have often been found to respond in a predictable way to environmental
disturbances, indicating that they may be a necessary factor in maintaining community

diversity (Pickett and White 1985).

Resh et al (1988) discuss the way that macroinvertebrate communities are adapted to
their local, seasonal and environmental range and therefore qualified the definition of a
disturbance by suggesting that it must be an event that is unpredictable and not typical of
the seasonal range. A recent study from Nepal found that highly seasonal intense
monsoon rains did not appear to constitute a disturbance, as benthic abundance was
already low prior to the rains and recolonisation was rapid (Brewin et al 2000). Death

and Winterbourne (1994) and Poff (1992) both expressed concemn at the difficulty in



assessing just what qualifies as an unpredictable or atypical event, concluding that
“physical measures” are required, regardless of the predictability of the event. In other
words, there must be some measurable cause (e.g. sediment de-stabilisation), or effect

(e.g. noticeable loss of taxa abundance) for an event to qualify as a disturbance.

Townsend et al (1997) suggest that an appropriate way to avoid the confusion around the
notion of predictability is to define and measure disturbance in an “organism-related
sense”. The response from the macroinvertebrate community can therefore reflect the
severity of a disturbance (Yount and Niemi 1990). Patterns of recovery by the faunal
community present a way to measure or quantify a disturbance by possibly correlating
any trends to some measurable physical effect (Townsend et al 1997) such as discharge
(Poff and Ward 1989), or amount of substrate movement (Death and Winterbourne

1994; Cobb et al 1992).

1.2 Effects of suspended sediments on aquatic
ecosystems

Many human activities such as logging, construction, urbanisation and mining, disturb
the environment, creating a situation where soil and sediment are de-stabilised and
readily washed into aquatic ecosystems such as rivers and streams. Sediment addition to

aquatic waterways has been described as one of the most serious and widespread

anthropogenic impacts (Hynes 1970).
1.2.1 Relationship between suspended sediment and turbidity

Turbidity values were used to estimate suspended solid loads in Swift Creek and the
Control streams. Turbidity and suspended solids are related, even though they actually
quantify different properties of a water sample. Turbidity (NTU) measures scattering
and absorption of light, a direct result of the concentration, size and shape of the
suspended particles, together with their refractive index (G Dunkerley pers. comm).
Tannins and other humic substances in the water column can also alter the optical
properties of water. Suspended solids (mg/L) measures the mass of the insoluble

particles remaining on a filter paper of a given pore size.

Gippel (1988) mentions that turbidity can be a good surrogate measure of suspended

solids concentration owing to a well defined functional relationship that exists between



light scattering and particle concentration, and suggests that in an ideal suspension, we
would find a linear relationship between the two. However, seasonal and periodic storm
events will produce differences in sediment properties, such as their reflective or
absorptive properties, and in background water colour and turbulence. These
confounding effects can alter the suspended sediment-turbidity relationship (Gippel
1989).

A strong relationship between suspended sediment and turbidity will occur, therefore,
when the particle size distribution remains relatively constant and several studies have
found this to be the case. However, these relationships are very site specific (eg the
Namoi River, NSW; several lake systems in the central highlands of Tasmania) (G
Dunkerley pers. comm). A reasonably good relationship between turbidity and
suspended solids was found by Stowar (1997) in Jim Jim Creek, in Kakadu National

Park

The following Table 1.1 has been adapted from Stowar (1997) showing a summary of
the findings from selected studies on suspended sediment and their effects. A full review

can be found as Appendix 1.
1.2.2 Summary of main findings of previous studies

These previous studies indicate that, to produce a response in the macroinvertebrate
community, levels of suspended sediment must be both reasonably prolonged (as either
a pulse or sustained effect over several months or several years), and must reach higher
than normal maximum levels for most of this time. In general, time frames extended
well over two months. Even when sediment addition was compounded 20-fold over a
two month duration, recovery of the taxa affected took only 3 weeks (Gray and Ward
1982). Clearly, macroinvertebrates can be highly resilient and recover quickly when the
disturbance ceases, providing that both intensity and duration are not too severe, and the

recolonisation source is not adversely affected.



Table 1.1 Summary of observations reported by selected studies on the effects of suspended sediment on stream macroinvertebrate communities

‘Locationand 1 [N

Reference

Jim Jim Creek Elevated turb[dlty downstream of a
Kakadu NP, NT mad crossing :

Stowar (1997)

SE NSW, Australla o

Richardson (1 983)

'EIevated turb ldlty and sedlmematlon
_ résulting from furcstry activities®

Vlctorla Australla
Chessman etal.

§ “Elevated suspended sediment plus

sedimentation assocxated With dam

(1987) ' construction - i -
South West WA, . Suspended i morgamc soh s assocaatedf'
Australia. Growns &  with forestry g
Davis (1994) = : o : S
ACT, Australia. - ‘Elevated suspended sohds followmg ]
Hogg & Norris &7 |+ storms, resultmg from urba 3
{1991). : dcvetopment S
New Zealand Quinn Clay dlscharges ﬁ'om mmlng activities”
et al (1992} SRS N -
North Carolina,
U.S.A. Lemly
(1982) +_from logged and res

i fdevelapméﬂt'aréa's ;
Wyommg, U S A 1 -20-fold i increase in SUSpe >nded
Gray & Ward (1982} sedimen o appreciablu ¢

Colo;ado U.s. A

Chne etal (1982).1

{ |

Ontar';_o-, Canaqa
Barton (1977).




1.2.3 Adverse effects from suspended sediment on aquatic biota

Macroinvertebrates, fish and plants can be affected by suspended sediment through a

variety of mechanisms, either direct (i.e. physiological) or indirect (e.g. alteration of

habitat). A summary of these potential effects is presented in Table 1.2. and a full review

is found as Appendix 2.

Table 1.2 Summary of adverse effects upon aquatic biota from suspended

sediment

Major: Taxanomic group

Specific effect

Macroinvertebrate grazers

Settled. sediment can cover penphyton thereby
reducing food supply'(Ryan 1991, Newcombe and

'McDonald . 1991) causing a decrease  in

abundance. . Respiratory = structures may  be

effected in any ‘species (Metzeling et al 1995).

Ma_g:roinverfebrate' filter feeders

Gills can.. become clogged: and/or+food supply...

-dominated by -inert ‘matter causing, starvation’

(Hellawell 1986, Newcombe and: McDonald 1991)

_resulting in"a‘decrease‘in abundance: ™

Hyporrheic taxa eg. Qligochaetes and
some Chironomidae species

Interstitial spaces - can. become- clogged thereby.
reducing  available "habitat (Richards and. Bacon:
1994) causing the taxa to burrow further into this
zone or drift; with a resulting decrease” in
abundance. In contrast, an increase in abundance
has been noted in Ohgochaetes (Gray and. Ward

1 1982).

Qvipositers eg Simuliidae larvae

Substrate can become scoured.” or unstable
making - attachment = difficult (Chutter 1968;
Hellawell - 1986) also resulting |n drlft and a
decreasein-.abundance.

Fish

Suspended. = particles. reduce . feedlng;_.___and:__
respiratory  efficiency causing stress (Hellawell

©1986). ~ Sighting "~ "prey. "¢an ' “be T more  dificult

(Reynolds et al 1989). Interstitial pores for egg

laying can become covered (Peters 1967).

Avoidance and altered feeding patterns may
result.

Periphyton and Macrophytes.

Light reduction can cause a substantial loss of
primary. productivity; 3-13% at 5 NTU.(Lloyd 1987).
and scouring of the stream bed can reduce plant
biomass.

In summary 1t can be seen that macroinvertebrates are ideal indicators for detecting and

assessing the potential disturbance of sediment addition. These organisms occupy a

diverse range of habitats within the benthos, thereby being able to elicit a variety of

responses, and they are clearly highly sensitive to sediment addition. Reduced species




richness, abundance and/or changes to community structure are all potential
consequences of high sediment loads in streams. These responses are generally rapid so
that they can be detected over a short period of time. Recovery generally requires
recruitment from upstream or nearby perennial sources (Paltridge et al 1997), creating a
tume lag before the community returns to pre-disturbance levels. This time lag is much
reduced with mobile organisms such as fish, thereby potentially confounding

interpretations of recent disturbance.

Fish may also exhibit avoidance behaviour, or stress-related responses that only appear
in the longer term (Hellawell 1986); both may pass undetected within a 3-weekly
sampling regime. Aquatic plants and algae also show responses to increased levels of
suspended sediment (Lloyd et al 1987), but because of their sedentary nature, cannot
record responses to increased levels of suspended sediment as rapidly as

macroinvertebrates which may drift downstream in response to disturbance.

Benthic macroinvertebrates have several other important attributes making them ideal

for biomonitoring programs:

e They are ubiquitous and found generally in high abundances in streams and rivers
(Williams 1980; Hellawell 1986); statistical analysis of the data is, therefore, easily
tacilitated (Hellawell 1986).

e The different taxa vary widely in their sensitivities to human disturbance and will

respond to a range of impact types (Rosenberg and Resh 1993).

e Macroinvertebrates are relatively sedentary and have life cycles ranging from several
weeks to several years (Marchant 1986). This means that both temporal and spatial
information on impact and community recovery can be obtained (Hellawell 1986:;

Chessman 1995;).

e Field collecting techniques are simple and easily undertaken, and identification with

taxonomic keys is now quite well developed and user friendly.

Benthic macroinvertebrates have been used extensively and successfully in the ARR as
bio-indicators for several years (Faith et al 1991; Faith et al 1995; Humphrey et al 1995;

O’Connor et al 1995; Smith et al 1993; Stowar 1997). However, the main disadvantage



of using macroinvertebrates for biological monitoring relates to the labour intensive
nature of sample processing - sorting and identification. A further disadvantage of
adopting benthic invertebrates for biological monitoring is that community structure can
be influenced by factors other than water quality, including high discharge events such
as floods, or highly variable seasonal changes (Rosenberg and Resh 1993). However,
this problem is not unique to macroinvertebrates and also confounds programs using
other groups of aquatic organisms. Therefore, proper inference about impact relies on

well-designed studies that account for spatial and temporal variation.
1.3 Biomonitoring as an impact detection tool

There are two main approaches to biomonitoring of aquatic macroinvertebrates that can
be taken, as outlined by Humphrey et al (1999). These depend upon the requirements of

the monitoring program:

» Early detection of change requires rapid responses from organisms sensitive to the

impact.

* Assessment of the ecological importance of any observed change requires
measurement of important species or communities of organisms, able to provide a

“picture” of ecosystem-level change,

This study focuses on the second approach, which is longer term monitoring to assess
changes in community structure over time. These changes can then be analysed to infer
impact arising from specific environmental disturbances. To this end, a monitoring
program must be based upon a statistical design that will enable a suitable hypothesis to

be tested.
1.3.1 An idealised monitoring approach

Biological monitoring programs are designed to detect impacts on the eﬁvironment, and
therefore knowledge about the natural environment prior to the disturbance is considered
extremely important (Green 1979). This led to the development of the Before-After-
Control-Tmpact class of designs: BACI (Green 1979). This basic monitoring design can
be modified in several ways to increase statistical power; either temporally, as suggested

by Stewart-Oaten et al (1986) with the BACIP design (“P” indicates paired sampling), or



both temporally and spatially as recommended by Keogh and Mapstone (1995) with
their MBACI design (“M” indicates multiple control locations). Whether or not a
disturbance alters temporal and spatial variability of populations, or mean abundance,
the inclusion of more than one control location will always better characterise the natural
variability of the region, and thereby lead to stronger inferences about impact
(Underwood 1991, 1993, 1994; Chapman et al 1995). Underwood (1994) also highlights
that simultaneous paired sampling (P) is no longer a strict requirement, making for

caster logistical planning.

Concerns associated with MBACI designs center on the use of several control locations.
The geographical areas from where the control locations are selected may introduce such
natural variability to the data that an impact passes undetected (Humphrey et al 1995).
Faith et al (1995), as a way of compensating for this potential problem, suggested
sampling from paired locations, upstream and downstream, within each of the control
(non-impact) and impact streams (see below). This design is hereafter termed MBACI.P,
referring to multiple (M) controls and paired (P) sampling from upstream and

downstream sites in the same streams.

The BACIP or MBACI-P designs rely upon “d” or difference values calculated between
the control and impact locations over time. Univariate data, based on total abundance
and richness, or abundance of selected taxon, can provide this comparison (Stewart-
Oaten et al 1986, 1992). However, benthic communities, like most faunal communities,
comprise complex arrays of interacting species and therefore community data are
mnherently multivariate. Analysing community data sets as a whole, means that all the
factors which create the community complexity contribute to the statistical picture or

signal (Faith et al 1991; Clarke 1993; Jackson, 1993; Clarke and Warwick 1994).

Data from the upstream and downstream sites at each stream in an MBACI-P design,
can be used to generate dissimilarity (from multivariate analysis) or difference values
(from univariate analysis) which can then be compared between control versus impact
streams for hefore versus affer interactions, using asymmetrical ANOVA (Humphrey et
al 1995). An impact would be reflected by a greater change in dissimilarity values for

the impact stream (or difference values from univariate measures), over the control



streams for the post-impact period (ANZECC and ARMCANZ 2000). The potential
advantage of MBACI-P over MBACI designs is the greater constancy of the
“difference” values at control streams, and at the impact stream prior to impact. The
lotic influences acting upon each stream become incorporated into the design, reducing
the natural variability of the region into stream “behaviour”. Thus, there is potentially
greater statistical sensitivity in MBACI-P designs and they are considered the ideal

approach to impact detection (Humphrey et al 1995; ANZECC and ARMCANZ 2000).

One of the assumptions that must be met in any statistical analysis is that of temporal
independence of the data (Underwood 1997). When this assumption is violated,
generally when sampling occurs too frequently, influencing the dissimilarity or d values,
then trends can become apparent in the data (Stewart-Oaten et al 1992; Keogh and
Mapstone 1995). One option is to analyse the trend as part of a time series, as outlined
by Chatfield (1984), and introduce the causative factor as a covariate. For example,
Stowar (1997) found strong unidirectional influence on BACIP dissimilarity values as
creek flow receded after the wet season in ARR streams (i.e. dissimilarity values
declined with decreasing creek flow). This variable, (creek flow) was then treated as a

covariate in a regression analysis and used to infer impact.
1.3.2 Where pre-impact data are not available

The idealised approach to impact detection described above could not be employed for
the present Jabiluka study because of the lack of before or pre-impact data. A number of
alternative approaches to drawing inference, within the MBACI-P design, may

nevertheless be adopted, as described in the following sections.

1.3.2.1 Strict hypothesis testing procedures

While statistical inference is reduced considerably where pre-impact data are
unavailable, Thrush et al (1994) outlined the usefulness of time series data when pre-
impact assessment is not possible. The time series generated provides a range of values
displaying the behaviour of the non-impact and impact creeks over the study period.
Data from the control and impact streams can be analysed within an asymmetrical
ANOVA to test for any statistically significant results, post-impact. ANOVA can utilise

both multivariate and univariate (total taxa abundance and richness) data. Using multiple



controls reduces the likelihood that all controls would undergo simultaneous fluctuations
in the same direction. Therefore, there is greater statistical certainty about attributing

changes m dissimilarity or d values to a disturbance (Keough and Mapstone, 1995).

However, it must be borne in mind that in any statistical analysis of impact versus
control site data where pre-impact data are absent, the untestable assumption is made
that the indicator, in this case, macroinvertebrate community structure, responded

similarly in control and impact areas prior to the impact.

1.3.2.2. Multivariate ordination

Multivariate ordination provides powerful corroborative evidence to classic hypothesis-
testing procedures used in impact detection studies. An ordination pattern represents the
sampling sites in Euclidean space where the actual dissimilarity between sites, generated
through their biological attributes (multivariate taxa abundance), is reflected in their

distance apart in the ordination (Faith and Norris 1989).

Multivariate ordinations, importantly, produce temporal biological descriptions of
sampling sites over time, and in this manner, trends between potentially impacted and

control streams can be evaluated.

1.3.2.3 Correlates of ordination space

Environmental (including physico-chemical) variables can be incorporated into the
ordination through Principal Axis Coordination (PCC), whereby vectors are produced
showing direction of influence upon the ordination (Belbin 1993). This analysis can also
be undertaken for all taxa within the biological community. A descriptive ordination is
therefore produced, highlighting the most influential variables and taxa, and thereby
providing a very powerful corroborative technique for an MBACI-P design. Before
versus affer ordinations can show if the biological spacing of an impact location changed
relative to the other sites, and the variables, if any, which correlate to that change. When
there is no pre-impact data, afer only ordinations can show seasonal trends for different

sites over time.
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1.3.2.4 Disturbance gradient analysis

A gradient effect of disturbance can be assessed through the inclusion of additional sites
in the treatment stream. If it can be shown that effects dissipate at increasing distance
downstream of a point-source disturbance, this provides evidence that the disturbance

was the cause of the impact.

1.4 Detecting an impact within a variable seasonal

environment

Impact detection relies on distinguishing changes in the ecology of a system that are due
to anthropogenic effects from changes due to natural seasonal patterns. In order to best
infer a conclusion of either impact, or, no-impact, it is important to have an
understanding of the environmental fluctuations and trends that characterise a particular

environment, in this case, the aquatic ecology of lotic, intermittent streams.

1.4.1 Seasonal trends in macroinvertebrate community structure in
intermittent streams

There is a notable paucity of studies on seasonal changes to macroinvertebrate
communities in tropical, intermittent streams. In seasonally-flowing streams in Kakadu,
N.T., there have been three studies which have examined the seasonal changes in
macroinvertebrate communities over a wet season. Two of these were short term studies
over one season or part thereof; one describing initial recolonisation trends after re-
wetting (Paltridge et al 1997), and the second analysing ongoing seasonal patterns
(Tripodi 1996). Douglas (1999), over two comsecutive wet seasons, examined
macroinvertebrate communities at two spatial scales (streams, and pools within streams)

in two small, intermittent streams in Kakadu.

Most studies of seasonal changes in macroinvertebrate communities in intermittent
streams have been undertaken in temperate locations such as the Werribee and
Lerderderg Rivers in southern central Victoria (Boulton and Lake 1992a; 1992b: 1992c)
or in desert streams such Sycamore Creek, Arizona (Gray and Fisher 1981: Boulton et al

1992a). Ordination patterns from the studies spanning several years (Douglas 1999;
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Boulton and Lake 1992b,c) show that similar seasonal trends occur in the

macroinvertebrate communities as they recolonise the streams after the dry period.

Boulton and Lake (1992b) describe for multivariate ordinations of the macroinvertebrate
communities, that the stream which flowed continuously produced a “doughnut shaped”
trajectory. This pattern represents a seasonal progression back to a similar biological
community. The stream which underwent a dry period produced an arch-shaped pattern,
not completing the full circle, indicating a break in flow conditions. This “arch” pattern

was also found in the intermittent Kapalga streams studies by Douglas (1999).

Boulton et al (1992a) examined macroinvertebrate community structure in a Sonoran
desert stream over two years and found that the fauna exhibited consistent seasonal
patterns, despite a variable flow regime. Douglas (1999) also found consistent trends
between seasons for colonisation at both streams. These studies would appear to indicate
predictability in the recolonisation patterns. The consistent recolonisation and
successional trends of the fauna are responsible for producing the intermittent (arch) or
continual (doughnut) trajectories found by Douglas (1999) and Boulton and Lake
(1992b) in ordination space.

Different taxa appear to benefit from the variable flow conditions that are found in
intermittent streams. Boulton and Lake (1992c) described three main phases of taxa
colonisation as “pioneer, mid-successional and summer taxa” and their dominance
corresponds to the three main flow periods of early re-wetting, mid-flow and
diminishing flow respectively. In this and other studies, the pioneer taxa are dominated
by groups that are able to survive well over the dry season (Douglas 1999; Paltridge et al
1997). The variable flow conditions which ensue after initial re-wetting encourage a
variety of very adaptable taxa (Boulton & Lake 1992c¢) and, ultimately, diminishing flow
conditions create small pools in backwater areas, where prey can become concentrated,
prompting an increase in the more predatory taxa (Douglas 1999; Boulton and Lake

1992¢; Tripodi 1996).

In summary, there are clear trends in the seasonal patterns of macroinvertebrate
community structure over a wet season from intermittent stream studies. While

variability between locations, and between sites within the same studies, is evident
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(Douglas 1999; Tripodi 1996), these earlier studies provide a sound background against

which to assess the trends found in this study.

1.5 Background on Jabiluka

Kakadu National Park, located in the wet-dry tropics of Northern Australia, is Australia’s
largest National Park, covering an extensive 19,804 km?® (see Figure 2.1). The Park's
western boundary is located 120 km east of Darwin placing the entire area within the
ecologically-diverse Alligator Rivers Region (ARR) where four major rivers drain
northwards into Van Diemen Gulf. One of these rivers, the South Alligator, runs from
headwaters to floodplain entirely within the boundaries of Kakadu, representing an

entire catchment.

The diversity of natural ecosystems found within the Park includes mudflats, mangrove
swamps, floodplains and billabongs, patches of remnant rainforest and open savanna
woodlands. The terrestrial and aquatic ecosystems of the ancient sandstone plateau and
escarpment region of the Park are particularly diverse and contain many endemic and
relictual elements. Kakadu is exceptional within Australia in still possessing nearly all
the plant and animal species that are believed to have been present in the area 200 years
ago, even though, now, some of these are under threat (ANCA 1999). Seasonally-
inundated wetlands comprise over one-fifth of the Park and are of major importance to
migratory waterfowl and are protected under the International Ramsar Convention
(Wellings 1995). The continual Aboriginal occupation of the Park for at least 50,000
years has enabled Kakadu to receive World Heritage listing for both cultural and natural

heritage values.

The Alligator Rivers Region has rich mineral reserves and uranium is one of several
umportant minerals located in the catchments. Both the Jabiluka and Ranger uranium ore
bodies were discovered in the late 1960's. These abutt one another and lie close to the
north-eastern boundary of the Park within the Magela Creek catchment. Stage One of
Kakadu National Park was declared in 1979. However, it was not until 1984 that the
Second stage expanded the Park to encompass the Jabiluka and Ranger mineral leases

(Press and Lawrence 1995). Construction ot the Jabiluka mine (Fig 2.3) commenced in
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July 1998 resulting in 31.5 hectares of land being cleared and altered within the Swift

Creek catchment which drains into the Magela floodplain (Kinhill and ERAES 1996).

Disturbance of the soil during the construction phase at Jabiluka created the potential for
sediment to be washed downstream into the main tributary of Swift Creek with the onset
of the first wet season flows in December, 1998, and for the remainder of the wet
season. Increased suspended sediment and turbidity in streams, with resulting loss of
water clarity, can have adverse effects upon aquatic biota (see Table 1.2). Compliance
with stringent water quality standards is of the utmost importance in such an undisturbed
and highly valued environment. One of the Commonwealth Environment Ministerial
recommendations for the Jabiluka mine states that turbidity values in Swift Creek must
not exceed one standard deviation of a baseline mean (Environment Australia 1996).
However, increasing importance is now being placed upon biological criteria as
indicators of ecological integrity in ecosystems, rather than changes in physico-chemical
characteristics alone (Norris and Norris 1995; ANZECC and ARMCANZ 2000).
Responses of biological indicators, such as aquatic fauna, provide key management
goals for the assessment of environmental disturbance, reflecting the desired state of an
ecosystem (Karr 1999). Therefore, if biological indicators, such as macroinvertebrate
communities, were to reveal an impact, this would override the physico-chemical criteria

(ANZECC and ARMCANZ 2000).

The present study was undertaken in the 1998-99 wet season (December 1998 to May
1999) and examined the seasonal and spatial dynamics of macroinvertebrate
communities in several streams adjacent to the developing Jabiluka mine. The data were
used as part of baseline information required to detect and assess potential mining
impact. In particular, the ecological information was gathered using an experimental
design that would best enable an assessment to be made of whether or not the current
mine-related disturbance was adversely affecting the biota in adjacent Swift Creek that

receives runoff from the Jabiluka project area.
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1.6 General Aims of the study

The general aims of the study are as follows:

L. To test the null hypothesis I that “there is no difference in suspended sediment

loads between Swift Creek and the control streams over the wet season”.

2. To test the null hypothesis II that “there is no effect upon the aquatic
macromvertebrate communities in Swift Creek downstream of the Jabiluka mine site as

a result of mine construction activities”.

o]

3. (1) To examine the seasonal patterns of fauna succession in the four streams, one
“potentially-disturbed” stream (Swift Creek) and three control streams, to serve as a

baseline from which to assess for any potential disturbance;

(if) Use such patterns and relationships to interpret and explain any changes
observed in macroinvertebrate communities of Swift Creek downstream of the Jabiluka

mine site in relation to the other sites;

(iii) To assess the importance of any observed changes in the structure of
macroinvertebrate communities at the Swift Creek downstream sites in relation to the

other sites.

4. To assess the inferential capacity of a MBACIP design with few if any baseline
or pre-disturbance data, in detecting potential impacts in streams arising from increased

suspended solid loads.

5. To make recommendations for future study, and ongoing monitoring at Jabiluka.
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Chapter 2: Materials and Methods

2.1 Study Area

2.1.1 Climate in General

This study was undertaken in the Alligator Rivers Region (ARR) of the Northern
Territory, within the boundaries of Kakadu National Park (Fig 2.1). The climate of
Kakadu National Park is monsoonal, with two distinct seasons: wet and dry. The wet,
humid season extends from November to March and the cooler dry season from May to
September, with slight variations occurring from year to year (Russell-Smith et al 1995).
April and October are the fransitional months. The climate is characterised by high
annual mean temperatures ranging from 22.4 - 34.0° C with high humidity during the
wet season. Mean annual rainfall ranges from about 1300 mm in the south of the Park to
1565 mm in Jabiru township (Russell-Smith et al 1995). The contrasting climatic
changes between wet and dry seasons produce a varied and highly seasonal but
predictable hydrological regime in the ARR resulting in high diversity within the aquatic

ecosystems, both temporally and spatially (Corbett 1996).

The seasonal rainfall pattem described above limits the period of significant flow of
most streams within the ARR to between the months of January to May. The discharge
pattern over the wet season in the lowland stream channels is one of a series of flood
spates resulting from heavy rainfall events, super-imposed upon a steady base flow. The
larger streams, such as the South, East and West Alligator Rivers, flow year round in
their lower reaches, (tidal reaches). However, in the smaller tributaries, such as Magela
Creek, flow ceases during the dry season, apart from the upper, spring-fed sections of

streams close to the escarpment (Humphrey et al 1990).

2.1.2 Description of study area

Swift Creek (potentially-impacted creek) together with 2 of the control streams, 7J and
North Magela. are located within the Magela Creek catchment. These creeks form part
of an eastern drainage system with their source in the (Arnhemland) plateau or dissected

sandstone country and escarpment. Swift Creek receives additional runoff from the large
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sandstone Jabiluka outlier, located on the Jabiluka mine lease (Fig 2.2). The three
creeks emerge from deeply incised narrow gorges, to enter the lowlands as shallow,
anastomising, alluvial channels containing sandy deposits. These lowland channels are
prone to flooding during the wet season and vast amounts of sand on the creek beds are
shifted each year. Eventually, the streams drain into the extensive ﬂoodplam or
associated lagoons of the Macrcla Creek catchment The crecks flow only during the wet
season, cormncncmg in about Dccember, with recessional ﬂows beginning sometime in
April. Small. 'pools can remain in some of the deeper channels throughout the dry season

but water qualitﬁ} déclines se'vercly and the pools can become anoxic.

Catﬁsh Crcek thc ttnrd control stream, is located in a separate catchment to the north-
east, drammg the same dissected sandstone country as the three streams described above
(Fig 2.2). It is a small tributary of” the East Alligator ’_RIVCI' that is spring-fed from the
base of the escarpment. For a short distance below the escarpment it probably flows year
round (C Humphr,ey, eriss, pers. comm). At the beginning of the sampling period in late
December P1'998‘,. Catfish Creek had well-established macrophyte cover along the stream

edges i'ndicating”that it had been flowing for some time, in contraSt to the other creeks.

At the lowland 51tcs where sampling was conducted, thc four crceks flow through
largely open savanna woodland and forest dominated by Eucalypm.s Spp over a sparse
layer of shrubs and tall grasses. These grasscs, dominated by Sorghum spp and
Heteropogon Nz:rztzceu.s attained Itc1ghts of up to 3 m by the late wet season. Riparian
vegetation. comprised Melaleuca spp, Lophopetalum a'rnhemit:um Grevillea spp and

Pandanus s pzralm 1nterspersed 0ccasmnally with Syzygzum spp and Carallia brachiata,

RSSO PR RE S P

and the freshwatcr mangrOVes Barrmgtoma acutangula Addmonal rainforest species
were present in Swift Creek, including Calophyllum sil, Maranthes corymbosa, Litsea
glutinosa and, Xanthostemon eucalyptoides and Allosyncarpia ternatq at the upstream

main channel.
t

Aquatic macrophytes established soon after wet season flows commenced in December.

The main species present throughout the wet season were Limnophila spp, Blyxa sp,
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Erioocaulon spp, Eleocharis spp and Cyperus spp. The semi-aquatic grass Pseudoraphis
sp, was also quite dominant along the edge of the creek banks, and was inundated for

several of the sampling periods.

2.1.3 Description of main sampling sites

Paired upstream-downstream sampling sites were selected in accordance with broad
requirements of the MBACIP design. The sites within each creek were chosen at
approximately the same distance of 1 km apart (Fig 2.2). While paired sites were located
in each stream, an additional downstream site was sampled at Swift Creek (1 kin further
downstream than the original downstream site) in order to detect any gradient effects
from suspended sediment, if present. This would enhance inferences made and

determine the extent of any possible impacts downstream in Swift Creek.

Apart from standardising the distance of separation of paired upstream-downstream
sites, sites were also selected for their similarity of geo-physical attributes such as
stream width, depth, flow patterns and also nature of riparian vegetation. Following the
first sampling event, it was quite evident that Swift Creek West tributary, the upstream
site selected in Swift Creek, differed physically to the downstream sites in Swift Creek.
This site was flat and braided with negligible bank definition, largely dominated by
Melaleuca spp and Pandanus spiralis, very unlike the deeply incised channels of the two
downstream sites. As a consequence, an additional site - "Swift upstream main"- was
sampled on each of the remaining sampling occasions. This upstream site represented a
better physical and biological match for the downstream sites, being located on the main
branch of Swift Creek, along a deep meandering channel dominated by gallery forest
vegetation such as Allosyncarpia ternata and Sygygium spp. To ensure continuity, the
Swift west tributary was also sampled on all remaining occasions to provide a further

upstream comparison.

2.1.4 Location and brief description of main sampling sites

Sampling sites are shown in Figure 2.2 and in digital photos in Appendix 3. A brief

description of the sites and their location follows.

Swift Creek
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Swift Downstream 1 (code SD1) 8617919N 53274113E, located just upstream of the
eriss and ERA gauging stations and immediately downstream of the entry of North
tributary (The tributaries are described further on in section 2.1.6). This site was situated
on a wide straight channel with well defined bank edges. Vegetation is dominated by
Pandanus spiralis and and Melaleuca spp.

Swift Downstream 2 (SD2) 861902IN 53273578E, Located a further 1 km
downstream of SD1 along a narrow channel with sloping bank edges and a deep pool
located on a nearby bend. This site had a number of submerged fallen trees.

Swift Upstream Tributary West (STW) 8616759 53274869E, Located 1 km
upstream from SDI, and just upstream of a permanent billabong and the entrance of
South tributary. This site was flat and braided with negligible bank defintion, largely
dominated by Melaleuca spp and Pandanus spiralis.

Swift Upstream Main (SUM) 8616832N 532755224E, Located 600 m SE of SUM
on a deeply channelled, meandering section of stream. Evidence of considerable recent
natural erosion was observed during sampling, with several fallen trees and scoured
banks present. Dominant vegetation here was gallery forest including Allosyncarpia
ternata and Sygygium spp. This site was approximately 200 m downstream of the eriss
gauging station.

Catfish Creek

Catfish Downstream (CFD) 8622783N 53276924E, Located 150 m upstream of a
billabong on a wide channel (12 m width) of stream. Vegetation was fairly open with
grasses dominating and a sparse overstorey of Melaleuca and Barringtonia acutangula.

Catfish Upstream (CFU) 8621684N 53277153E, Located along a straight stretch of
stream approximately 150 m downstream of a small waterfall exiting the edge of the
sandstone escarpment. Bank edges were steep with abundant macrophytes. Vegetation
consisted of Pandanus aquaticus, Syzygium sp and Melaleuca spp.

7J Creek

70 Downstream (7]JD) 8608394N 53274973E, Located approximately 300 m
downstream of the ERA gauging station, before the confluence of the northern and
southern arms of the creek. Channel cross-section was wide (10-12 m) and deep.
Vegetation was dominated by grasses, Pandanus spiralis and Melaleuca spp.

7J Upstream (7JU) 8608039N 53276583E, Located on a bend in the stream,
approximately 100 m below a small riffle area. The treshwater mangrove, Barringtonia
acutangula, was located at this site, as well as the common Pandanus spiralis and
Melaleuca spp.

North Magela
North Magela Downstream (NMD) 8601740N 33275106E, Located on a
horseshoe bend of the stream, approximately 200 m downstream of the ERA gauging

station. The channel was wide (10 m) with little overhanging vegetation, and contained
several deep pools. Vegetation was generally sparse, apart from several mature Syzygium
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and Melaleuca spp trees, which formed a dense canopy immediately upstream of the
sampling site.

North Magela Upstream (NMU) 8601687N 53275688E, Located on a
straight stretch of stream with a wide, deep channel. The banks were mostly lined with a
mixture of Melaleuca spp and Acacia spp. This site contained a submerged rocky ridge
on the southern bank.

The codes for each site provided in the descriptions above, are used here-on when

referring to individual sites.

2.1.5 Sampling frequency

The onset of wet season flow in Swift Creek commenced around the 10" of December
and sampling commenced at all sites 10 - 12 days later. This lag period served two
purposes: i) to allow debris and water of naturally-poor quality to pass through the
system (Humphrey et al 1990), and ii) to allow recolonisation of macroinvertebrate
fauna. Hereafter, sampling was conducted as closely as possible to a three-weekly time
frame, continuing through to cessation of flow in early May. On each sampling occasion
all sites were sampled over a period of three consecutive days. The sampling dates are

provided in Table 2.1.

The three-weekly sampling regime would provide some independence of temporal
difference (or dissimilarity) values, as this is a basic assumption of BACIP designs.
Sampling at too frequent an interval has the potential to re-sample the same cohort of
organisms thereby introducing trends into the data. The life cycles of most of the taxa

would be completed within the 3-weekly period (see Marchant 1982a).

2.1.6 Tributary sampling sites

The Jabiluka mine site lies approximately 1.5 km to the east of the Oenpelli road, and is
located between two prominent sandstone outliers (Fig 2.3). The gradient of the
construction site is slightly inclined and soils comprise earths or texture contrast soils on
colluvium, or deeper alluvia that form the floodplains and creekbeds of the drainage
system (Kinhill and ERAES 1996). Construction has disturbed an area of 31.5 hectares.
consisting largely of a run-off pond, hard-stand area and rock stockpiles. Swift Creek
drains the mine construction site by way of 3 minor tributaries: North, Central and, to a

far lesser degree, South tributary. The potential to detect a gradient effect of disturbance
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was available by way of late wet season sampling of sites located along each of these

tributaries.

The tributaries are narrower than the main Swift Creek channels, yet they contain
comparable riparian vegetation. North tributary, which was diverted during mine
construction, now flows past the mine along the northern boundary before entering an
underground seep, about 100 m downstream of the mine. It then re-emerges as a defined
sandy channel similar to the other tributaries. Central tributary flows past the mine site,
adjacent to 1ts southermn boundary and South tributary commences flow approximately
250 m southeast of the mine, thereby receiving minimal (if any) influence from

construction activities.

Sampling was undertaken along each of the tributaries to coincide with the sixth
sampling occasion in April. This recessional flow period is routinely sampled in ARR
streams and billabongs by eriss for assessment of mine impact, as this timing represents
summation of impacts occurring throughout the wet season, and because taxa richness
and abundance of aquatic biota are high at this time (Humphrey et al 1990; Tripodi
1996). Sites were selected approximately 20-40 m apart along each of these tributaries
between the mine site and tributary-Swift Creek confluence. Both North and Central
tributaries produced six sites (1-6), whereas South tributary dissipated into the
vegetation to the southern side of the mine, providing for sampling at only five sites (2-
6). (Sites for South tributary were labelled from 6 down to 2 and for this reason there is

no site 1).

The tributaries located close to the mine, North and Central, would provide the first
indications, if any, of water quality deterioration arising from the mine. GPS locations
for each of these sites are provided in Table 2.2. A further tributary, Swift tributary East
(STE), entered Swift Creek on the eastern side (see Fig 3.2), opposite to the mine and
was monitored by the Erosion and Hydrology sector of eriss for suspended sediment

loads that may have had an influence on turbidity levels in Swift Creek.
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Table 2.1 Sampling dates for all the creeks over the 1998/99 wet season

2.2 Field procedures

2.2.1 Choice of sampling habitat

Benthic invertebrates occupy a range of different aquatic habitats within rivers and
streams. Macrophytes provide a very important habitat for invertebrates through shelter,
production of detritus and epiphytes, as recruitment sites for larvae, while some dipteran
taxa such as Simuliidae and some Chironomidae rely directly upon macrophytes at the
attached stages of their life cycles (Kaenel et al 1998). Only the macrophytic-edge

habitat was sampled in this study as it represents a relatively stable habitat within the
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fluctuating wet season flow regime, where large flood spates can cause severe disruption
to communities (Tripodi 1996). Studies, both within the ARR and elsewhere, have noted
the greater abundances and diversity of macroinvertebrates found within this habitat,
particularly in comparison to sand-bed habitat that dominates ARR streams, including
the Jabiluka streams sampled in this study (O’Connor et al 1997, Popperl 1996; Tripodi
1996; Batterham 1999). Often, macrophyte species in the ARR are located amongst the
root mat of riparian vegetation such as Pandanus spiralis and Melaleuca spp which

could potentially add further to habitat diversity.

2.2.2 Sampling techniques

Macrophyte-edge habitat was sampled at each site and on each sampling occasion by
slowly dragging a D-shaped pond net, 500-um mesh size, along the edge of the substrate
and agitating by hand the substrate surface and macrophytes to dislodge any
macroinvertebrates. The direction of sampling was against the stream current so that
when the macroinvertebrate fauna became suspended in the water column it was washed
downstream into the pond net. This technique was repeated 3 times over a fixed 5 m
transect for each replicate sample. Each replicate sample was 1.7 m? in size (034 m

width of the pond net x 5 m length of creek sampled).

After collection, the sample was tipped into a 20 L bucket half filled with clean creek
water. Coarse plant material was shaken, washed free of invertebrates then discarded.
The contents of the bucket were then elutriated to suspend the lighter organic matter and
invertebrates, which were then tipped onto a 500 um sieve. The elutriation and sieving
processes were repeated several times until the debris, which remained in the bucket,
was free of macroinvertebrates and fine organic material. A coarse sort of remaining
material in the bucket was carried out in the field to ensure all fauna had been removed.
The organic material retained in the fine sieve was then transferred to a plastic jar

containing 80% ethanol solution, for preservation and later laboratory processing.

2.2.3 Number of replicates collected

For community studies, the number of replicates to be collected at a site on any

sampling occasion is often determined by the plateau reached in (i) taxa accretion
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curves, (ii) paired-site dissimilarity decrement curves, or (iii) specified error rates of
mean organism abundance. Studies relevant to taxa accretion curves have indicated that
between four and six replicates are needed before the rate of recording of new taxa
declines (Marchant 1982b; Metzeling et al 1984: Doeg et al 1989). However, this is
dependent upon the sampling area of the individual replicates. Marchant (1990)
examined paired-site dissimilarities and found that less than 4 replicates did not
adequately describe the patterns that were found in a full data set. In a two year study,
Resh and McElravy (1993) suggest that for several benthic measures, increasing the
number of replicates above 5 did not reduce the error rates between means significantly.
While Green (1979) recommended a minimum of three replicates for general
comparisons of community structure, collectively, these studies would suggest that more
than four replicates may be needed to adequately describe the community structure

present.

In the ARR, sample size has been found to vary depending upon the nature of the stream
and the season. Thus, under late dry season conditions in riffle habitat of the upper South
Alligator River, where flow is permanent, four x 0.06 m” replicates were adequate to
characterise community structure at a site (Faith et al 1995) whereas in the early dry
season in seasonally-flowing Magela Creek where habitat is more variable, five x 0.31
m? replicates are required (eriss unpublished data). Given that the determination of
sample size requires detailed sampling and analysis, this issue could not be evaluated for
the small Jabiluka streams prior to this study. Instead, experience and professional
judgement of other ARR investigators was used to best determine this aspect. A large
sampling area per replicate was selected (1.7 m?), but with a tradeoff of relatively few
replicates (3) per site (C Humphrey, eriss, pers. comm). To explore this aspect further,
on the 6th sampling event in April, six replicates were collected at each of the sites in
order to examine the patterns of taxa accretion and between-site dissimilarity with

increasing replication.
2.2.4 Physico-chemical variables

At each site and on each sampling event, a water sample was collected in an acid-rinsed

one-litre bottle for later analysis of water physico-chemistry. This sample was kept cold
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(on ice) until brought back to the laboratory for analysis. Basic parameters measured
were alkalinity, bicarbonate, ortho- and total phosphate, total organic carbon, alkali
metals (Na, K, Ca, Mg) and heavy metals (Al, Fe, Mn, Cu, Pb, Zn, U, Ni, Cd, Cr). Also
at each site and on each sampling occasion,- pH, conductivity, dissolved oxygen,
temperature and turbidity were measured in situ using either a portable Hydrolab or a
Horiba water quality meter. Both instruments were laboratory calibrated prior to use and

rechecked again after use in the field.

In streams of the ARR, turbidity is a highly-fluctuating variable during wet season
flows; the general trend shows turbidity and suspended sediment concentrations
correlating with the rising stage of high flow events (Hart et al 1982). Thus spot readings
taken every 3 weeks with routine macroinvertebrate sampling are of limited value. For
this reason, turbidity values were also obtained from automatic readings derived from a
data logger and turbidity meter installed at the gauging stations along Swift Creek (data
provided by Michael Saynor, eriss) in order to better estimate turbidity levels at the
upstream and downstream locations over the wet season period. The downstream
gauging station was located just below SD1 and the upstream gauging station was

situated approximately 200 m upstream of the SUM site.

Turbidity values were taken as a surrogate estimate of suspended sediment in the water
column. Stowar (1997) measured both turbidity and suspended sediment during the dry
season In Jim Jim Creek, (Kakadu National Park), and found a strong correlation
between the actual suspended sediment loads measured in the creek and the surrogate
turbidity readings. Other studies have also found that turbidity readings provide accurate
estimates of suspended sediment loads (e.g. Lloyd et al 1987). The ease of measuring
turbidity as opposed to suspended sediment favours this method in a short-term study
where resources and time are limited. However, the potential limitations of using

surrogate measures must also be considered.

Methods used to analyse the water chemistry variables are outlined in Appendix 4.
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2.2.5 Environmental and habitat variables

At each site, information was recorded for the following variables:

Sediment composition (visual estimate of percentage of clay, fine sand and coarse

sand);
Surface flow rate (time taken for a float to travel a distance of 2 meters);
Water depth (average of 3 measurements taken along each 5 m transect)

Macrophyte composition and abundance. A visual assessment was made along each
5 m transect and through the depth profile for total percentage macrophyte cover.
The percentage occurence of each macrophyte species was also visually estimated
and together these summed to the total percentage cover. To further investigate for
relationships between gross morphological characteristics of the plants and
invertebrate community structure, plant species were grouped according to the life
form categories used by Sainty and Jacobs (1994), O’Connor et al (1995) and
Corbett (1996). However, several of the macrophyte species were in different life
stage forms than when described by the previous authors and were therefore placed
according to the form and morphological characteristics observed in this study (see
Table 2.3). This occurred because the habitats under study were distinctly different
to those of a lentic body (the subject of study of the previous authors), with fast
flowing currents occurring for much of the sampling period. Life forms in this study
were therefore noted to be dominantly submerged rather than emergent, with leaf
surface area of most of the plants being generally smaller than when found in a lentic
waterbody. This was possibly due to the fast flowing currents, which would have

made large surface areas difficult to maintain.
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Table 2.3 Morphological groupings of plants found at the sampling sites over the
wet season, as used by Sainty and Jacobs (1994).

2.3 Laboratory procedures

2.3.1 Sub-sampling of taxa

Sub-sampling is an essential aspect of most benthic studies. Walsh (1997) established
that for multivariate data analysis, it was more representative of the data set to sub-
sample to a set number (“fixed-count” e.g. 200 animals) than a set portion (e.g.10%) of
individuals. This is the practise currently used by the AUSRIVAS and MRHI programs.
Humphrey and Thurtell (1997) found across a range of different habitats and regions of
Australia, that a sub-sample of 200 animals consistently recovered at least 90% of the
invertebrate families present at a site. Their results were used as the basis for sub-

sampling to 200 animals in the present study.

For conservation assessment it is important to screen the sample for the inclusion of
non-abundant (typically large body size) taxa-as described below. Non-abundant taxa
also appear to be influential in determining relationships between environmental
variation and community structure in large data sets (Faith and Norris 1989; Beisel et al
1998, Cao et al 1997).

2.3.2 Sub-sampling technigue

Sub-sampling of each of the replicate samples was carried out using a 100-cell sorting

box. (This consisted of a square box with 14.4 cm high walls and with 10 x 10 cells
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across the floor of the box, each cell separated by a thin metal vertical partition of 2.8
cm height). The contents of the replicate sample were firstly poured into a large jug full
of water and mixed to evenly spread the sample. The contents of the jug were then
poured evenly over the 100 cells of the sorting box. To ensure a complete and even
spread, the apparatus was tipped up to about 30-45 degrees front and back, and side to
side, so that eventually each cell “appeared” to contain approximately 1% of the entire
sample (A description of the method is provided in Humphrey and Thurtell 1997). Two
cells were then selected at random (using randomly-generated numbers) and their
contents extracted (2% of the sample) using a suction device. The sub-sample was
placed in ethanol to be sorted under a Zeiss stereomicroscope. Invertebrates were
removed from this 2% sub-sample and the taxa and relative abundances counted in order
to estimate the actual sample percentage required to achieve a count of 200 animals (for
example, if 2% yielded 20 animals, then 20% would yield approximately 200 animals).
Additional randomly-selected cells from the sub-sampler were then extracted to obtain

enough material to sort to 200 animals.

A coarse screen was later undertaken of the remainder of the sample not sub-sampled
and sorted by microscope. This residue was tipped into a large white tray and spread
around with tap water so as to achieve an even spread. The sample was studied for 10
minutes, without microscope aids, and rare taxa visible to the naked eye (and not
detected in the sub-sample) picked out. These taxa were identified and entered into data

sheets separately from the sub-sampled component of the sample.
2.3.3 Taxonomic Identification

It would seem intuitive to assume that the highest (species) level of taxonomic resolution
would always provide greater community description and detection of impacts.
However, this is not always the case. Much seems to depend upon how the community is
structured and whether or not several species dominate within Family or Order level. For
example, an order or family dominated by just a few species would give a similar result
at species or order/family level (Wright et al 1995). Stowar (1997) used family-level

identification to successfully detect effects of turbidity downstream of a road crossing in
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Kakadu. Other studies in the ARR have also used family level identification to detect

mine-related impacts (e.g. O’Connor et al 1995, 1997).

More subtle impacts, however, may require species level identification for detection, and
seasonal variation has been found to respond better at this taxonomic level (Marchant
1982b). Ideally, it would be desirable to obtain species-level data in any biological
assessment program. Rarely, however, are resources available to do this; species-level
identifications for example may require 3-4 times more resources than those required to

identify to family level (C Humphrey, eriss, pers comm).

In this study, macroinvertebrate fauna were identified to the family level with the
exception of Oligochaetes and Nematodes that remained at the Class level, and water
mites which were identified to either Order (Acarina) or Sub-Order (Oribatidae). The
keys used for identification were Williams (1980), Hawking (1995) and unpublished
keys specifically developed for the Alligator Rivers Region by taxonomic consultants to

eriss. These were supplemented by the eriss voucher collection.

2.3.4 Quality Control

Two operators were involved in sorting and taxonomic identification of the samples in
this study. The author (GD) sorted 184 samples and a second person (MW) sorted the
remaining 64 samples. To check for possible operator bias, a check and standardisation
process was undertaken where 5 samples were cross-checked by the other sorter for
correct identification and sorting effort (residues) in accordance with the procedures
outlined in Hawking and O'Connor (1997). Briefly, this entailed a re-indentification of
the identified taxa in each of the 5 samples by the opposing sorter, together with
rechecking of the residue for any uncollected taxa. The two re-identified lists were
compared to the original lists using the Bray-Curtis dissimilarity index. The residues

were compared for percentage missed and therefore unidentified.

2.4 Data analysis

This study uses an MBACI(P) design, based upon the asymmetrical design of
Underwood (1993), where three control (non-impact) streams are compared to one

potentially impacted stream. providing a range of environmental variability within which
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to assess the ecological condition at the impact site, post-impact. As there are no before
data and the analysis is reduced to affer data gathered from the four streams: the
inference is dependant upon dissimilarity values, together with paired site population
abundance and taxa richness difference data, in Swift Creek that are significantly
different from those at the Control Creeks (ANOVA). These formal hypothesis-testing
procedures were complemented by Semi-strong hybrid multi-dimensional scaling (SSH-
MDS), used to produce the multivariate ordinations. Inferences about impacts may be
strengthened where “high” dissimilarity or difference values at the “impact” site are
matched by the location of these sites in ordination space outside of the ellipse
represented by the other sites. Inferences may be further enhanced if disturbance
measures (e.g. turbidity) are found to correlate with the ordination space, as described in

the following section.
2.4.1 Multivariate MBACIP dissimilarity values

The statistical analysis inherent within the MBACIP design relies upon dissimilarity
values generated between upstream and downstream sites within independent control
and potentially impacted streams. Paired dissimilarity values were therefore obtained
between the upstream and downstream sites for the three control creeks: 7JU v 7JD,
NMU v NMD, CFU v CFD and for Swift Creek using both upstream locations: SUM v
SDI and STW v SDI. A spatial gradient was examined using the paired dissimilarity
values generated between SUM v SD2 only. Dissimilarity values were calculated using
the Bray-Curtis index from the statistical package PATN (Belbin, 1993). Data were
transtormed by logio(x+1) in order to normalise variance. Taxa that occurred only once
throughout the entire data set were considered rare and deleted from the analysis as they

can potentially distort the data (Gauch 1982).
2.4.2 ANOVA for MBACIP data

Analysis of Variance (ANOVA) tests the null hypothesis that population means of all
samples are the same (Snedecor and Cochran 1989). Within the asymmetrical MBACIP
design, ANOVA can be produced from (i) Bray-Curtis dissimilarity values (as described
above), (ii) total taxa abundance difference data (upstream-downstream abundance) and

(i11) total taxa richness difference data (upstream-downstream richness). Underwood
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(1993) stresses the importance of looking at selective taxa that may show responses to
particular disturbances and for this reason, univariate analysis was also undertaken on
several taxa (Chironomidae, Leptophlebiidae and Simuliidae) which are known to be
sensitive to elevated levels of suspended sediment (see section 1.2 and Appendices 1 and
2). These values were used within an ANOVA to test for two-way (Creek versus Time)
interaction in the affer period between impact and control creeks. This was done using a
randomised combination of upstream and downstream replicates, as described below.
All ANOVAs were performed using the statistical software package, STATISTICA
(MathStat 1995).

2.4.2.1. Process for combining the upstream and downstream replicates

The MBACIP design relies upon difference values between up and downstream sites. In
order to be able to obtain these values, the replicates taken from upstream and
downstream must be combined. There are six potential ways to combine the sets of three
replicates so that no auto-correlation occurs in the data (K McGuiness, NTU, pers
comm). To do this, each of the six combinations was assigned a number (1-6) and a
random number list generated so as to achieve a randomised selection of combinations.
For example, number 1 may represent the combination of replicate 1 D/S versus
replicate 1 U/S, replicate 2 D/S versus replicate 2 U/S and replicate 3 D/S versus
replicate 3 U/S. Each number 1 brought about this particular combination of replicates.
Numbers 2-6 had different patterns of combining the upstream and downstream
replicates. In this manner, a randomly assigned combination was obtained each time the
replicates were combined. This process was undertaken when combining replicates for
dissimilarity, and for abundance and taxa richness difference data, and for the selected

taxa.

2.4.2.2 Time series of paired upstream and downstream dissimilarities

Paired site dissimilarities for each creek were also examined in a time series plot over
the wet season to assess for any anomalies within the pattern displayed by the impact

creek (Swift), in relation to the control creeks, for this post-impact period.
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2.4.3 Multivariate ordinations

Dissimilarity values generated between all sites were analysed in ordination space to (i)
summarise temporal patterns of macroinvertebrate recolonisation, (ii) compare the
ecological “position” of the two Swift downstream sites to all other sites over the
sampling period and (iii) produce “snapshots” in temporal space for each of the
sampling occasions, including the sixth sampling occasion which combined information
from the tributaries draining the mine site (potentially indicating a gradient of

disturbance).

Ordinations were produced using the SSH-MDS component of PATN software program
(Belbin 1993). Through the PCC (Principle Axis Coordination) analysis, available in
PATN, significant influential variables, both environmental and of individual taxa, of
the ordination space can be determined. A further MCAO (Monte Carlo Analysis)
analysis in this same statistical package is able to show the significance level of each
variable in relation to the correlation. Significance levels were generated using 100

random starts in order to show p< 0.01 as significant (Belbin 1993).
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Chapter 3: Results

3.1 Environmental Data

3.1.1 Turbidity

Rainfall in the Swift Creek catchment was erratic and, at times, intense, over the
1998/99 wet season, as can be seen from Figure 3.1. Rainfall commenced in the
catchment in early December, and showed a declining trend throughout the month of
April to cease later in the month. Flow continued for several more weeks into May. The
movement of suspended sediment has been found to correlate to the rising stages of
flood events (Hart et al 1982), and therefore turbidity readings would be expected to

fluctuate over the wet season accordingly.

Relatively high turbidity was recorded for all creeks on the first sampling event in late
December, with the exception of Catfish Creek, SUM and SD2 (see Tables 3.2 and 3.3).
Low levels of suspended sediment in Catfish Creek may relate to the more perenniél
nature of this stream, and its location close to the sandstone escarpment and headwaters.
The early establishment of flow, potentially, had also moved sediment and accumulated
dry season debris down the creek, well before the wet season flushes began for the other
three streams. Turbidity levels declined in Swift Creek (SD1 and STW), 7J and North
Magela, after the third sampling event, falling to within the range of 0 — 4 NTU by the
recessional tlow period. However, spot readings of turbidity do not capture trends and

events that correlate with fluctuating discharge regimes over short time periods.

Turbidity measurements were taken regularly in Swift Creek by the Erosion and
Hydrology program of eriss, using automatic data loggers ("Greenspan Smart Sondes")
operating at the SD1 site, the SUM site and at the Eastern tributary (STE). The
downstream site (SD1) received run-off from both the mine and the eastern tributary
(Fig 3.2). Daily, and often hourly readings were averaged over the week to standardise
values so that a comparison could be made between the Swift upstream and downstream
stations, as recording frequency did not coincide on a daily basis (Fig 3.3). To show the
relative ditterences between D/S and U/S turbidity, U/S values for both sites (SUM and

STE) were subtracted from D/S values, and values for each site,
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Figure 3.1 Plot of stage height and rainfall at Swift Creek (SD1 site) during the 1998-99 wet season.
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together with difference values, then plotted. If D/S values were consistently higher than
U/S values (due to suspended sediment) we would expect to see the plotted lines on the

graphs sitting well above the 0 line (Figs 3.4 and 3.5).

Figure 3.3 shows variable turbidity readings for all three Swift Creek stations with
highest values at the STE site. Suspended sediment levels taper off to low values at all
sites by April. The relative differences between SD1 and the two upstream locations are
shown in Figures 3.4 and 3.5. The SD1 site had higher turbidity than the upstream SUM
site for the early part of the wet season. The highest suspended sediment loads, however,
were recorded for the Eastern tributary as can be clearly seen from Figure 3.5, where
turbidity levels for SD1 are substantially less than the sediment loads recorded at the
STE site. There is however, no information on discharge for STE and therefore it is

difficult to determine what contribution this suspended sediment made to Swift Creek.

The maximum turbidity range for a single day recorded in Swift Creek at the
downstream 1 site (SD1) was between 1 and 121.5 NTU, on 26.1.99. Values recorded at
the eriss gauging station fluctuated markedly and the averaging out of these values over
each week to make comparisons between sites masks any high values. Peaks in daily
averages of 30 NTU (12/12/99), 21 NTU (21/12/99), 22 NTU (26/12/99), 13 NTU
(2/1/99), 19 NTU (12/1/99), 64 NTU (26/1/99) and 23 NTU (6/2/99) were recorded.
After this final date, turbidity readings were all under 10 NTU and generally under S
NTU, indicating an easing of rainfall in the Swift Creek catchment (Fig 3.1). By
contrast, turbidity was still noticeably high at STE over the month of March,

predominantly during the first two weeks (Fig 3.3).

These comparisons illustrate the difficulty in interpreting data about mine influence on
the downstream sites in Swift Creek, especially SD1. The potential exists for the Eastern
tributary to have contributed high amounts of suspended sediment (as inferred from the
turbidity readings) into Swift creek over the wet season, draining in above the SD1 site

(see Fig 3.2).

The two main tributaries, North and Central, draining the mine site, (and on the opposite
side to STE), both recorded high turbidity for a large part of December and all of

January.
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This was most notable for the last two weeks of December where values were 3 and 4
times higher than the maximum values recorded by STE. It seems reasonable to
postulate that these high levels were responsible for the elevated suspended sediment
recorded at the SD1 site, as opposed to the SUM site, for the first 6 weeks of sampling.
Average weekly values over the six weeks spanning mid-December to the end of
January are shown in Table 3.1. It is clear from these results that the two main
tributaries, North and Central, recorded far higher turbidity than the relatively unaffected
South tributary, especially early on as flow recommenced. This indicates that mine
influence was clearly a factor in the level of suspended sediment transported into these

drainage streams, and potentially further down into Swift Creek.

Table 3.1 Average weekly turbidity levels (NTU) for the tributaries
draining the mine site into Swift Creek

T TRy

(Data provided by EWL S)

3.1.2 General water quality parameters

The water quality of the creeks in the Magela Creek catchment (Swift, 7J and North
Magela) fell within a similar range, for the parameters measured (SUM was an
exception for pH). Catfish Creek, in the East Alligator River catchment differed, from
these streams for both pH and turbidity as described below. Results of the physico-

chemical water quality analysis are presented in Tables 3.2 and 3.3 (and Appendix 5).

Catfish Creek recorded lower values for pH over the entire wet season (range of 4.16 -
5.0 at CFU and 4.07 - 4.9 at CFD). A t-test (paired 2 sample for means) was undertaken
between the average pH value of the other creeks (less SUM because it was not sampled
on the first sampling occasion) versus Catfish upstream and downstream locations. This
analysis showed a highly significant difference between the Catfish and other stream
sites (df=6, p<0.000 for both). This low range of values for both sites in Catfish Creek

may be attributable to the close location and drainage through the sandstone massif of
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the Kakadu and Arnhem Land, which typically produces water of low pH (Humphrey et
al 1990). The SUM site produced values within a similar range (3.97 - 5.4) to those
found at Catfish Creek. The low pH of these sites over the wet season may also be
attributable to decomposition of the considerable amounts of organic detritus from leaf

litter found here, forming humic acids.

Conductivity fluctuated in creek waters over the wet season, with highest readings
recorded early in the wet season, and then again during the recessional flow period.
Values were low, typical of the Magela Creek catchment during a wet season (Hart et al
1982), ranges falling within 5 ~ 20 uS/cm. Conductivity values were only slightly higher
than values recorded in flowing upper reaches of similar sandstone-draining Kakadu
streams during the dry season by Stowar (1997). The low range of alkalinity values
indicated the low buffering capacity of the waters (0.1 — 4.16 mg/L. CaC0;) which is
again, typical of this sandstone region (Humphrey et al 1990)

Dissolved organic carbon was the main form of organic carbon recorded from the creeks
and showed relatively high values compared to dry season data recorded by Stowar
(1997). This accords with the greater amount of organic material being washed into the
creek systems from surrounding watersheds during the early flood events of the wet
season. While no values were recorded for the last two sampling events, a temporal
trend of declining values is evident across the wet season.

Table 3.2 Average and range of pH, conductivity and turbidity for each site over
the wet season

41650
U AO7-49)
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Results for Total and ortho-Phosphate are not included in Table 3.3 as data were only
obtained for the first two sampling events for Total P, and for the first three sampling
events for ortho-P; therefore no real trends could be inferred from the data. The values
obtained were all low and within the expected range for these waters (C. LeGras, eriss,

pers comm).

Table 3.3 Average and range of water quality data, across all creeks at each of
the seven samplmg events over the wet season
VErd o 208

3.1.3 Metals

The water quality results for the metals analysis are found in Appendix 6. These results

indicated no anomalies in the data for either of the two Swift downstream sites. All
values for Swift Creek sites fell within the range represented by the control streams.
There was a slight temporal trend of increasing values for Fe at all sites and the
decreasing for Mn and Al; however, the general trend was one of fluctuation. The ranges
of metals presented here are considered very low and typical of the oligotrophic stream

systems characteristic of the ARR (C. LeGras, eriss, pers comm).

3.2 Quality Control and Integrity of biological data

Before describing and comparing spatial and temporal patterns in macroinvertebrate
community structure amongst sites (section 3.3), factors atfecting macroinvertebrate
data quality and integrity are first provided. Section 3.2.1 discusses sample replication

while section 3.2.2 discusses aspects of laboratory quality control and assurance.
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3.2.1 Number of replicate samples per site

At the sixth sampling event, six replicates were collected at each site (instead of three)
and sorted to assess the percentage increase in new taxa. The full range of taxa recorded
did not level off until the sixth replicate indicating a gradual increase of taxa with
increasing replication. This general trend was reflected across all sites and can be seen in
Figures 3.6 and 3.7 for Swift Creek. The average values across all sites, from three
random selections of replicate order, show that three replicates collected between 78 and
86% of the taxa, with the average over all 8 sites being 83.8%. This is just slightly lower
than the percentages found by Humphrey and O’Connor (1997) of 90% for 3 replicates.
Four replicates collected between 86 and 94% of the total taxa, and five replicates

between 94 and 99% of the total taxa found.

Randomising the 6 replicates of Swift Creek upstream (SUM) and downstream (SD1)
sites, Bray-Curtis dissimilarity values were calculated for cumulative replicate number
(e.g. rep 3 SUM vs rep 6 SDI; average of reps | and 4 SUM vs average of reps 2 and 5
SD1; etc). The results are plotted in Figure 3.8. The dissimilarity range of 0-1 indicates
community structure (taxa composition and relative abundance) of two samples/sites
where the value "0" represents an identical match, through to "1" representing no shared
features in community structure. For 3 replicates, dissimilarity is low (~0.37).
Significantly, the addition of an extra 3 samples results in an improvement in the
dissimilarity index of only about 10% ([1 - 0.33/0.37] x 100). While no obvious plateau
in the dissimilarity value is reached, subsequent investigations by eriss have shown that
when 12 replicate samples per site are compared between paired sites of the Jabiluka
streams, a plateau is reached after 6 replicate samples (C Humphrey, eriss, pers comm).
The dissimilarity value is the basis of multivariate analysis. In this study it forms the
basis of ordinations and paired site comparisons of community structure through
MBACIP analysis. Given that the sampling effort per site (3 replicates) is only about
10% short of the "true" measure of community structure for a site, this sampling effort is
deemed adequate for describing and comparing spatial and temporal patterns in

community structure amongst sites.
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3.2.2 Quality control and assurance of taxonomic identifications and
sorting efficiency

3.2.2.1 |dentifications

Cross-checking of taxa identifications found no need for error corrections. The Bray-
Curtis dissimilarity measure was calculated between the taxa identification lists for the
two operators from five randomly selected samples. Each randomly compared taxa list
produced a dissimilarity value of < 0.05, indicating a very close match between
operators. However, a discrepancy was detected for Nematodes with the more
experienced sorter (MW) picking up more individuals of this taxa than the author (GD).
The necessary correction for this error is described in the following section (3.2.2.2).

3.2.2.2 Sorting efficiency

Cross-checking of residues highlighted an error between the more experienced sorter
(MW) and the author (GD) for percentage of invertebrates remaining in the residue. GD
missed several common taxa in the early samples and consistently missed Nematodes
across all samples. To correct for this discrepancy, a 10% portion of all samples was
resorted by GD. To ensure comparable data sets between MW and GD, samples were
adjusted only where errors by GD exceeded the average error rate of MW. MW had an
error range of 3 - 15%, averaging out to 10%. This is considered an acceptable range by
established standards (eg AUSRIVAS: Hawking and O'Connor 1997, and in the U.S.A:
Cufiney et al 1993).

3.3 Biological Data

3.3.1 Time series of paired dissimilarity values

Figure 3.9 showed a pattern of variable, yet similar, dissimilarity values between
upstream and downstream sites for all creeks over the wet season. The two upstream
locations in Swift Creek produced almost opposing dissimilarity plots, when each
location was compared with SD1. The trend of greater dissimilarity values overall for
SD1 v STW (the comparison of site SD1 and site STW), was to be expected as this site _
was notably different to the downstream sites as regards riparian vegetation, channel

cross-section, depth and bank detinition (see section 2.1.3). SD1 v SUM
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Figure 3.9 Multivariate dissimilarity between paired upstream and downstream sites in
all streams over the wet season. Data has been logl0(x+1) transformed.
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showed fairly low dissimilarities overall, with the exception of the seventh sampling

occasion.

7] upstream and downstream sites became “more similar” to one another by the end of
the sampling period. Upstream and downstream sites in Catfish Creek were
approximately similar over the sampling period, apart from the extremely low
abundance in two of the replicates collected at the fourth sampling occasion at the
downstream site. (A flood event in the East Alligator catchment caused a dramatic
decline in abundance of macroinvertebrates at this site and the ponding of water over
several days hindered recolonisation). North Magela showed a fluctuating trend over the
wet season, but again, sites were approximately similar. No obvious temporal trends in
the dissimilarity data were apparent. All control sites, and SD1 v SUM, fluctuated

slightly over the wet season, between the values of approximately 0.2 and 0.35.

3.3.2 Statistical analysis of the data-ANOVA

In this study, a comparison was made between Creeks over Time, and was therefore a
two-factor ANOVA. The MBACIP design used in this study relies upon measuring
differences between upstream and downstream sites in order to be able to detect possible
disturbance at the downstream site in the “potentially-impacted” creek (Faith et al 1995;
Humphrey et al 1995). Therefore, the measures that were compared in this analysis
were; paired-site dissimilarity, and difference (total abundance, richness, and abundance
of selected taxon) data. Results of ANOVA show whether or not significant differences
in means are found between any of the creeks overall, or if any significant interactions
are produced between any of the creeks over the sampling period. Clearly, many
interactions may be generated; however, of interest are those that compare only each

particular sampling event.

3.3.2.1 Bray-Curtis dissimilarity

This analysis determined the statistical relationship of paired-site dissimilarity values
between creeks over time (Fig 3.10). Table 3.4 shows that the main effect, comparing
the means of the four creeks overall, did not produce any significant differences.
However, significant interactions were evident (p<0.03) between the creeks at different

sampling occasions. Further examination, based on a Tukey HSD test in the Statistica
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(MathStat 1995) program, revealed that these significant interactions were not between
the same sampling events, and therefore not relevant to the results. Therefore, Swift
Creek and the three control streams did not differ statistically over the wet season, based

on the measure of paired-site dissimilarity.

3.3.2.2 Total taxa abundance difference between all upstream and downstream

sites

The most noticeable observation from the abundance difference analysis is the
convergence of abundance values for the two Catfish Creek sites (Fig 3.11). Difference
values in this creek eventually fell within the range presented by the other three creeks.
As a consequence of higher abundance of taxa overall, Catfish Creek differed
significantly from the other three streams (Table 3.4). A Tukey HSD test showed that
means differed at the p<0.0002 significance level with 7J; p<0.004 with North Magela;
and p<0.0001 with Swift Creek. North Magela and Swift creeks also differed
significantly for means (p<0.014) but not with enough statistical power to show any
significant interactions for any of the sampling occasions. This significant difference
between these two creeks overall appears to relate to the low values recorded for Swift
Creek over the final three sampling occasions where low abundance was found at the
upsiream main site relative to the downstream site (see Fig 3.22 and section 4.2 for

discussion).

The Tukey HSD test highlighted several significant interactions between Catfish Creek
and 7] (3rd sampling event; p<0.02, and 4th sampling event; p<0.003), and between
Catfish Creek and Swift Creek (2nd sampling event; p<0.04, and 4th sampling event;
p<0.03). As figure 3.11 indicates, the wide disparity in abundance difference data
between 7 and Catfish Creek is evident at the 2nd and 3rd sampling events. The
significant interaction between the paired-sites in Swift Creek and Catfish Creek was
generated as a response to the large abundance found at the Catfish Creek upstream site
early on in the wet season, relative to the Swift Creek sites at this time (see Figure 3.29).
These results showed that Swift Creek fell within the range presented by two of the

control streams, producing no significant interactions with North Magela or 7J for any of
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Figure 3.10 Paired-site dissimilarity values plotted over time for each of the creeks.
Two-factor ANOVA showed F(15, 48)=2.05; p<.03. The Catfish Creek outlier (fourth

sampling) has been excluded.
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Figure 3.11 Total taxa abundance difference data (upstream - downstream) for all
streamns plotted over time. Two-factor ANOVA showed F(15,48)=2.68, p<0.005.
Data has been log, (x+1) transformed.



the sampling events.

3.3.2.3 Taxa richness difference between all upstream and downstream sites

Taxa richness was assessed using difference data between the upstream and downstream
sites (Fig 3.12) and no significant differences between means were noted for any of the
creeks (Table 3.4). Although results indicated significant interactions (p<0.02) between
the creeks over time, a Tukey HSD test recorded no such interactions, indicating that
statistical power was weaker within this test than within the ANOVA. All creeks showed
a diverging trend, moving from values near to 0 at the beginning of the wet season
(indicating similar taxa number at upstream and downstream sites), to more separated
values by the recessional flow period. 7J Creek had higher taxa richness at the upstream

site than the downstream site by the end of the sampling period.

3.3.2.4 Univariate analysis of selected taxa abundance

Three taxa (Chironomidae larvae, Simuliidae larvae and Leptophlebiidae) were selected
from the total taxa data set for separate analysis as they were found to be significant
within the ordinations in the direction of Swift Creek (a negative correlation for
Chironomidae). These taxa have all shown responses to elevated levels of suspended
sediment in previous studies (Stowar 1997, Davies and Nelson 1994, White and
Gammon 1977). These taxa were examined using upstream-downstream difference data
as undertaken in the previous section. Thus, differences in selected taxa abundance
between the paired-sites in each stream were analysed within a two-factor ANOVA,
examining Creeks over Time for any significant differences between means, or
interactions. Leptophlebiidae abundance failed to satisfy the assumption of homogeneity
of variances. As this can increase the probability of a Type I error (i.e. rejecting the null
hypothesis when it 1s in fact true, and therefore there are no statistical differences

between means), these results must be interpreted cautiously (Underwood 1997).
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Figure 3.12 Taxa richness difference data (upstream -downstream) plotted
over time for all streams. Two-factor ANOVA showed F (15,48)=2.17;

p<0.02.
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3.3.2.4.1 Abundance difference of Chironomidae

Table 3.4 shows that the means between the Creeks were significantly different. The
Tukey HSD test demonstrated that Catfish Creek was again different to Swift Creek
(p<0.00035), 7J (p<0.0002) and North Magela (p<0.002). Also North Magela and 7J
differed significantly at p<0.02. Catfish Creek had far higher abundance of this taxon at
the upstream site overall (see Appendix 8) and 7J had lower abundance at the upstream
site early on in the wet season (see Fig 3.24). When sampling events were compared for
interaction between Creeks, using the Tukey HSD test, 7J and Catfish were significant at
the 3rd (p<0.003) and 4th (p<0.0004) sampling events respectively. Figure 3.13
graphically demonstrates the wide difference observed. Swift Creek and 7] also
produced a significant interaction at the 4th sampling event (p<0.004) where low

abundance of Chironomidae was recorded at the 7J downstream site.

This analysis showed Swift Creek falling within the range presented by the Control
streams. Catfish Creek and 7J produced opposing trends for difference data between
their upstream and downstream sites. The data demonstrated a convergence for all the
creeks by the end of the sampling period, indicating that similar numbers of
Chironomidae larvae were found at upstream and downstream sites in each stream, by
the recessional flow period. Chironomidae are known to dominate during early, and also

late, flow conditions (Paltridge et al 1997; Stowar 1997).

3.3.2.4.2 Abundance difference of Leptophlebiidae

Figure 3.14 can only be interpreted visually as the data did not satisfy the assumption of
homogeneity as discussed earlier. Leptophlebiidae abundance showed a similar trend for
Swift Creek and North Magela, where higher abundance was recorded at both
downstream sites by the third and fourth sampling events respectively. 7J demonstrated
the opposing trend of increasing abundance, for the upstream site, by the fourth
sampling occasion. No Leptophlebiidae were observed at either of the Catfish Creek
sites over the sampling period. While it is not possible to draw any firm conclusions
from this graph, nevertheless. it appears that Swift Creek demonstrated similar trends to

North Magela Creek.
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3.3.2.4.3 Abundance difference of Simuliidae

Table 3.4 indicates that a significant difference in means was found between the creeks
overall, but upon further examination with the Tukey HSD test, these data were not
statistically powerful enough to indicate which creeks were responsible (Fig 3.15). Only
one significant interaction between Creeks over Time occurred, and this was between
Swift Creek and North Magela at the 6th sampling occasion (p<0.005). Figure 3.15
describes the opposing trends that were produced between these creeks at this time.
Swift Creek recorded higher abundance of Simuliidae at the downstream site relative to
upstream, whereas, North Magela had higher abundance at the upstream site. This taxon
was not observed at Catfish Creek, except in low numbers (an average of four
individuals at the upstream site) during the second sampling event. It must be noted that
this analysis does not include data from the first sampling event (because SUM was not
sampled at this time), when high numbers of Simuliidae were found at both Swift

downstream locations. This is discussed further in the following section 3.3.3

3.3.3 Trends in abundance of Simuliidae over the wet season

In order to best demonstrate the abundance patterns of Simuliidae, a three-factor
ANOVA was used to compare not only Creeks over Time, but also the upstream and
downstream sites (U/D). This data was therefore, not difference data, but abundance data
for each site (Fig 3.16). Simuliidae abundance (data has been logio(x+1) transformed)
showed similar trends at the upstream and downstream sites in the Control streams.
However, a rapid decline in population abundance is noted at SD1 after the first
sampling occasion in December. The three replicates at the SD1 site recorded 90, 62 and
50 individuals respectively on the first sampling occasion. After this first sampling
event, no Simuliidae were found at the SD! site for the ensuing 3 week period at least
(covering sampling events 2 and 3). Simuliidae were negligible at the SUM site, only
occurring as one or two individuals (on average) at two out of the six sampling events,
and we can therefore assume that this may have been the case at the first sampling event,
had this site been sampled. Simuliidae slowly colonised at the STW site over the course

of the wet season.
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Figure 3.15 Simuliidae abundance difference data (upstream-downstream) for all sites over
time (log10 transformed). Two-factor ANOV A showed F(15,48) =2.69; p<.005.
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Figure 3.16 Simuliidae abundance at all upstream and downstream sites over time. Data
has been log,o(x+1) transformed. STW is included as the Swift Creek upstream site in
order to show the first sampling event. Three-factor ANOVA showed F (18, 1 12)=4.38,;
p<.000
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Table 3.4 Values from ANOVA for all measures of paired-site difference

. DiTime

While many interactions were produced with the Tukey HSD test, the only ones of
interest were between the upstream and downstream sites in each creek, on each of the
separate sampling occasions. The only significant interactions were between Swift Creek
on the first (p<0.0001) and third (p<0.04) sampling events, indicating that some factor,
or factors other than chance, were responsible for producing such high numbers of
Simuliidae at the SD1 site in relation to the STW site. There were no other significant
interactions between upstream and downstream sites in the other creeks at any of the
sampling events, over the sampling period. It is of interest that the SD2 site also

recorded a marked decline in abundance after the first sampling event. The three
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replicates at this site in December found 770, 35 and 94 taxa, declining to very few

individuals (1, 4 and 30) by the second sampling event.

3.3.4 Multivariate ordinations showing seasonal patterns of all
streams over the wet season

A single numerical output of multivariate ordinations, the stress value, indicates the
validity of the ordination and is a measure of how “difficult” it was to place the
dissimilarity points onto a reduced space. Stress values less than 0.2 are the preferred
outcome and indicate that >80% of the relationship in the dissimilarity matrix has been
explained in the ordination (Belbin 1993; Clarke 1993). Sometimes more than two
dimensions may be required in order to reduce the stress level to an acceptable limit
(Kenkel and Orloci 1986). While choice of dimensions is a fairly subjective process, it is
recommended that the number of dimensions be increased until stress <0.2 is reached, as
this produces the highest correlation with the environmental variables, ensuring
important relationships are not missed (Faith and Norris 1989). Three dimensions were
required for the main ordination described below, in order to reduce the stress level

below 0.2.

3.3.4.1 Seasonal trends in taxa succession

Results from the multivariate ordination, based on all sampling sites at all sampling
events over the wet season, produced a picture of seasonal trends for the different
creeks. The axes which best represent the trends are axis 1 vs axis 3 for seasonal
community structure and habitat characteristics, and axis 1 vs axis 2 for envirommental
parameters. It is worth noting that the vectors produced (i.e. correlates of ordination
space) are projecting into 3 dimensional space upon a 2 dimensional diagram, thereby
giving an effect of differing lengths. This is an artifact of the situation and does not
relate to their differing influence upon the ordination (Faith and Norris 1989). It is also
worth noting that this makes their interpretation slightly more difficult than for 2

dimensional space.

Changes in community structure for each of the creeks over the sampling period are
presented in Figure 3.17. Even though the ordination is based on all data, the different

creeks are shown as separate plots for ease of interpretation. All the creeks displayed a
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upstream sites.
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pattern of “arch-shaped” trajectories with varying degrees of definition. Catfish Creek
and both Swift Creek combinations (SD1 vs SUM and SD1 vs STW) produced the most
precise examples showing a solid inner circle of points (U/S) surrounded on the outside
by a dotted circle of points (D/S). This indicated a temporal succession of taxa initiated
at the upstream site and "followed" by the downstream site. The value produced for the
fourth sampling event at Catfish Creek downstream shows the community disruption
that occurred following a severe spate. (This value was included in most of the analysis,
except for ANOVA, where it was considered an outlier as it sat outside a 95%
confidence interval with the other values). 7] displays good pattemn definition for the

downstream site, while North Magela produced the least evident trend.

Catfish Creek demonstrated a much tighter fit around the arch than the other Creeks and
also closer biological spacing between the 1st and 7th sampling events. Catfish is spring
fed throughout part of the dry season and this tighter fit of the arch may be indicating the

smaller "dry" period it experiences in relation to the other creeks.

3.3.4.2 Taxa significantly correlated with the ordination space

Taxa significantly correlated with the ordination space (all p<0.01) are also shown in
Figure 3.17 and their vectors produced a picture of seasonal change. Amongst the
significant early colonisers were the Cladocera and Oribatid mites, seen to dominate at
North Magela, Catfish Creek and Swift Creek (SD1 vs SUM). Leptophlebiidae were
another significant taxon early on, and, together with Elmidae and Simuliidae (p<0.03)
all appeared to benefit from the high flow conditions. These taxa influenced the
ordination when water levels and stream velocity were variable, yet generally high in all

streams, corresponding to sampling occasions two and three.

The Baetidae and Caenidae mayflies were fairly dominant as a core taxa group
throughout the wet season, influencing community structure particularly around the
fourth and fifth sampling periods. The caddisfly families, Hydropsychidae and
Ecnomidae showed most influence on the ordination around the sixth sampling occasion
in mid April when macrophytes, the preferred substrate for these filter feeders to attach,

had reached maximum growth and diversity.
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The ordinations show that, for all the creeks, Chironomidae dominated the samples by
the seventh sampling event. These taxa are also often present in early recolonisation
patterns (Gunn 1997; Paltridge 1992) and their influence on the ordination here shows a
return to pre-flow conditions. Acarina were also influential in the recessional flow

period.

The arch-shaped trajectories displayed by all the Creeks indicate that the most influential
taxa are “pulling” the biological picture around as succession occurs over the wet

season.

3.3.4.3 Environmental and Habitat VVariables

Figure 3.18 shows the same ordination as described above (axis 1 vs 3) with the
significant environmental vectors of water depth, alkalinity and pH imposed on the

diagram.

Axis 3 appears to depict a gradient of water velocity/discharge and hence this axis
separates still vs flowing water fauna. Water depth, alkalinity and pH are surrogate
measures which correlate with water velocity and discharge, and influence the
ordination in opposing directions along axis 3. High velocity correlates positively with
high water depth. Water flow correlates negatively with alkalinity and a higher (more
neutral) pH, found to be influential towards the end of sampling during recessional
flows. As water flow is reduced towards the end of the wet season, solutes concentrate
and water quality moves away from the typically acidic conditions of rain water
(Humphrey et al 1990). Paltridge et al (1997) also found water velocity produced a

significant axis of site separation between lentic and lotic habitats in Magela Creek.

The nature of the successional "loop" observed in the creeks in the Axis 1 vs Axis 3 plot
(Fig 3.18) implies that these two axis are intimately linked. Axis 1 most strongly reflects
taunal succession, as well as hydrological regime of the creeks. Sites progress through
time across this axis, reach a successional "peak”, then loop back to a fauna that
increasingly resembles early recolonisation. Although "time" is correlated with the
~ordination space along this axis, this correlation is negated to some extent by the return
of late wet season samples to an early wet season appearance. (In the PCC component of

PATN ordination, correlations are constrained to linear models).
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As with axis 3, this axis also appears to reflect a still/slow water (to the left, early and
late flow) vs lotic/fast water (to the right, main flow period) gradient in
macroinvertebrate composition. The extent of the trajectory loop across the axis also
appears to depend upon the degree to which the creeks are truly seasonal in nature; the
more seasonal the stream, the greater the compositional changes observed over the wet
season. Thus, samples from Catfish Creek, a system that flows for much of the year, lie
to the left of the ordination, indicating a faunal composition that does not vary as greatly

throughout the wet season compared with the other creeks.

The same ordination is presented in Figure 3.19 this time with axis | and 2 displayed.
Significant correlates of ordination space are; total macroinvertebrate abundance, SEF
(Submerged and Emergent Feathery macrophytes; Eriocaulon and Eleocharis
caespitosissima, both well established at the upstream site at Catfish Creek before
sampling commenced), and distance from headwaters. Site separation along axis 2
therefore directly relates to the distance from the recolonising source of much of the taxa
(located at the headwaters of each stream), which, in turn, influences abundance at each

site,

Catfish Creek sites were located nearest to the spring-fed headwaters of the creek, and
consequently showed significantly higher macroinvertebrate abundance at both sites,
especially the upstream site. A further correlation with this axis was macrophyte density;
this was highest in Catfish Creek where large, and established, stands of macrophytes
occurred early in the wet season. In contrast to this situation and, at the other end of the
axis 2 gradient, North Magela showed lowest macroinvertebrate abundance at both sites
overall, and was the stream located furthest from the recolonising source. Swift Creek
and 7] are situated at approximately the same distance from their headwaters and

showed similar macroinvertebrate abundance over the wet season.

3.3.4.4 Seasonal trends in taxa succession - sampling events separated

Ordinations performed on samples from all creeks, but separately for each sampling
occasion, showed the actual biological spacing amongst the streams in greater detail (Fig
3.20). At the first sampling event in late December, the Swift Creek downstream sites

(D1 and D2) were separated from the other sites by the influence of Simuliidae larvae.
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gradient along axis 2. where the early colonising Cladocera and

&

There was a stronger
water mites (Acarina and Oribatidae) separated Catfish Creek from all the other sites.
Catfish Creek also showed the closest biological spacing between upstream and
downstream locations. Early establishment ot tflow in Catfish Creek would have carried
recolonising taxa downstream. establishing similar macroinvertebrate community
structure at the downstream site prior to the other streams. 77 and North Magela creeks
revealed a similar ecological distance in ordination space between upstream and
downstream locations, while Swift Creek (SD1 vs STW) sites were located furthest

apart. The SUM site was not sampled at this time.

The SUM site was sampled for the first time on the second sampling occasion in January
and it sat in a completely different biological space to the other Swift upstream site
(STW). Catfish Creek sites clearly occupied a distinct ecological space to the other

streams for sampling events two and three.

The fourth sampling event displayed a spread of influence, as opposed to the previous
sampling occasions where Catfish Creek sites strongly influenced the ordinations. The
downstream site at Catfish Creek is evidently different, and correlates in a negative
direction with flow conditions. Leptophlebiidae was an important taxon for the two
Swift downstream sites, separating them out from the main group. The Swift upstream
main (SUM) site was largely influenced by root mats during this sampling occasion and
it is plausible that the heavy rains, which occurred just prior to this sampling, exposed

the banks to some erosion.

The fifth sampling event showed Chironomidae producing a gradient along axis 1, with
the two downstream sites in Swift Creek located more towards the negative end of this
aradient. The sixth sampling event again shows the dominant taxa influencing Catfish
Creek to a greater degree than the other streams. Cattish Creck was predominantly
influenced by Cladocera and Corixidae by the seventh sampling event in early May, and

Chironomidae exerted an influence on all sites except for North Magela and SUM.

67



Oribatidae
Acarina
Cladocera
SUM
CFU
| CF 1 NMD
sD2
Simuliidae 502 MU
. NMD SD1
Axis 2 3D \
STW 7JO
Y STW
7JD NMU
CFD
Acarina Oribatidae
7JU
CFU
Sampling 1: Stress = 0.17 Sampling 2: Stress = 0.18
Bl e st e . - — E : -'l ;’ 1. !
3 2
R Leptophlebiidae o
14 s01
’ . Baetidae 7 CFD
Axis 2 / _~CFD ol
/o
/ STW
u NMU sD1 D
sD2
STW SUM CFU 70D NMU
-1
4 NMD 74U FIOW
| Sampling 3: Stress=0.13 , | Sampling 4: Stress = 0.18
o Al 1] l i r2 |1 6 ‘; é

Axis 1 Axis 1

Figure 3.20 SSH-MDS Multivariate ordinations in 2 dimensions of all sampling sites over the
wet season on separate sampling occasions | - 7. Data has been log,(x+1) transformed.
Macroinvertebrate taxa. habitat and environmental variables significantly correlated (p<0.01)
are shown. Sites are indicated according to the codes described in section 2.1.4
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The large ecological difference between both Swift downstream sites and SUM is

noticeable.

3.3.4.5 Summary of separate ordinations

The trends displayed at each sampling event provide a clear picture of the biological
spacing between upstream and downstream sites at each creek over the wet season (Fig
3.20). At the beginning of the wet season. Swift D1 and D2 were separated out from the
other sites, by Simuliidae. They were again separated out at the fourth sampling
occasion by Leptophlebiidae and. to a lesser degree. with a negative correlation to
Chironomidae on the fifth occasion. Apart from these observations, the two Swift
downstream sites did not sit outside of the range presented by the control streams. The
two upstream sites at Swilt Creek showed markedly different patterns over the wet
season, with the SUM site showing most similarity to the downstream sites. with the

exception ot the seventh sampling event,

North Magela represented a good coutrol creek due to the close relationship maintained
between upstream and downstream sites throughout the sampling period. Catfish also
maintained a tight relationship (apart trom the downstream site at the fourth sampling

event) but clearly occupied a distinet biological space to the other sites,
3.3.5 Ecological trends over the wet season

3.3.5.1 Seasonal changes in the major macroinvertebrate taxa

The contribution of the different taxa groups to seasonal changes in macroinvertebrate
communities is shown by way of histograms in Figures 3.21-3.24. These figures
corroborate the results shown in the ordinations (described above). In the early
recolonisation, most of the sites were dominated by microcrustaceans and "Other Taxa"
(refer to Table 3.5). The microcrustaceans contributed less to total abundance after the
first and second sampling events tor the creeks, indicating that they are early
recolomisers. The worms. Oligochaetes and Nematodes. dominate in the Other Taxa
agroup for Swift Creek (see Appendix 8) and the other control streams (7] and North

Magela). whereas water mites. Acarina and Oribatidae, dominate for Catfish Creek., Of
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interest is that North Magela downstream (Fig 3.23) and Switt downstream 2 (Fig 3.22)
both have high contributions from Ephemeropteramaytlies) as well, and, as revealed by
the graphs. these taxa remain consistently part of the dominant taxa over the sampling

period tor all of the streams.

Table 3.5 Taxa families grouped into Orders (except Where noted)

Taxa Order ' Taxa families

*Odonata - Anisoptera, Coenagrionidae, Corduliidae, - Gomphidae, .. Isosti¢idae,

' ' Libellulidae, Protoneuridae, Zygoptera

Frichoptera Ecnomidae, Hydropsychidae; Hydroptilidae, Leptoceridae

Coleoptera: Dytiscidae, - Elmidae,'Hydraenidae, Hydrophilidae, - Nateridae, * Scirtidae,
Staphylinidae ' :

Diptera Ceratopogenidae, Culicidae, Simuliidae, Tabamdae Tipulidae

*Chironomidae Chironomidae larvae and pupne

*Microcrustacean Cladocera, Copepod; Ostracod

*Other taxa Acarina, Amphisipododidae, Ancylidae, Atyidag, Belostomatidae, Collembola;
Corixidae,. Gerridae, Hydrometridae, -Mesovellidae, Naucoridae, Nematoda'e,
Nepidae,. Notonectidae, Oligochaete; .Oribatidae, Palacomonidae; ‘Pleidae;
Pyralidae, Sundathelphusidae;Veliidae :

. Ephemeroptera Baetidae, Caenidae, Leptophlebiidae

* Odonata includes Anisoptera and Zygoptera (both sub-orders).
* Chironomidae (Diptera) is the family level

Microcrustacean includes Cladocera (sub-order), Ostracod (sub-class) and Copepod
(sub-class).
* Other taxa includes: Acarina (Order). Oribatidae (sub-order). Oligochaete (class),
Nematode (order). and Collembola (order). (Williams 1980).

Most notable for Swift Creek and 7 Creek, Trichoptera (caddistlies) occurred at the
second sampling event and remained fairly stable until the sixth where they increased in
number (Fig 3.24). Odonates (dragontlies) do not contribute greatly to the overall taxa
abundance, but can be seen to increase their contribution to community abundance
towards the end of the wet season at all sites. They were also found during the first
sampling event for Swift Creek. Catfish Creek and North Magela at the downstream site.
These taxa. together with several of the Hemipterans (True bugs, Noteridac and
Belostomatidae) arc voracious predators and find prey more concentrated by the

recessional flow period.

Coleopterans (beetles) retlect the above trend described for dragontlies, dominating
carly on in the sampling regime. and then again towards the end. indicating their
preference for lentic water. At Catfish Creek. these taxa were found in low numbers
during the final sampling event (Fig 3.21). whereas for 70 and Switt DI, they formed a

substantial part of the fauna. The largest influence on abundance by the end of the wet
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season is from the Chironomidae, which become established by the end ot April. This
pattern is retlected across all sites within all the creeks.

At Catfish Creek (Fig 3.21), it is obvious that there was a dominance of the
Ephemeropterans, and Other Taxa (accounted for by Acarina and Oribatidae) until the
[inal two samplings where Chirononiidae aiso began to dominate. This trend was not

retlected in any of the other creeks.

3.3,5.2 Taxa Richness

While the creeks sites all showed varied patterns of taxa richness (number) over time.
they all produced taxa numbers that fell within the same range (Figs 3.25-3.28). In the
carly How period, Swift Creek (Fig 3.26), North Magela (Fig 3.27) and Catfish Creek
(Fig 3.25) all had reasonably high species richness. Swift Creek showed a noticeable
decline in richness over the mid-wet season. reaching lowest numbers at the tourth
sampling event for all sites. An increase in richness commenced after this for all the
Swift Ck sites, apart from the downstream 2 site. This site had low taxa richness until
the final sampling event, by which time a dramatic increase was noted. By the

recessional flow period, the two downstream sites had very similar numbers of taxa to

the early sampling events.

North Magela showed a Muctuating pattern. also ending up with greater taxa richness by
the recesstonal-tlow period (Fig 3.27). Both upstream and downstream sites tracked each
other closely for this creek. Apart from the first and last sampling occasions, the 71 sites
also displayed a similar pattern of taxa richness over the wet season (Fig 3.28). The
discrepancies in effect led to the upstream site showing a general increase in taxa
richness over time, whereas the downstream site showed greater tfluctuation with no real
increase in richness by the recessional flow period. The trend at Cathish Creek was also
one ol less fluctuation i richness over the sampling period, apart trom the fourth
sampling event at the (flooded) downstream site where relatively fewer taxa were

collected.
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Figure 3.25 Taxa richness in both sites in Cattish Creek over the wet season
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Figure 3.26 Taxa richness in all sites in Swift Creek over the sampling period.
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Figure 3.28 Taxa richness in both sites in North Magela over the wet season
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3.3.5.3 Total Macroinvertebrate Abundance

7] was the only stream from this study which showed a general increase in
macroinvertebrate abundance over the wet season, with both sites tracking one another
quite closely (Fig 3.32). In the other creeks and with only a few exceptions, abundance
patterns between upstream and downstream sites were also similar over the wet season.
For Catfish and North Magela creek sites (Figs 3.29 and 3.31 respectively), however,
abundances remained relatively unchanged over time while in Swift Creek, abundances

were highest at the start and finish of the wet season (Fig 3.30). Overall, abundances

were highest i Catfish Ck. then Swift, 7] and North Magela creeks.

3.3.5.4 Cumulative taxa richness

Fewer taxa were recorded for Catfish Creek compared to the other sites (Fig 3.33). The
other three creeks showed similar patterns of increasing taxa accretion over the wet
season. 7J Creek recorded 56 taxa from the downstream site and 50 taxa from the
upstream site over the entire wet season. This was comparable to Swift Creek which
contained 55 taxa at the D1 site. 51 at D2, 54 at SUM and 52 from STW. The highest
number of taxa found, (57). were at North Magela Creek at both upstream and
downstream sites. In contrast to this, Catfish Creek only recorded 45 taxa from the
downstream site and 46 trom the upstream location. For most of the wet season, taxa
accretion was generally highest at the downstream sites for all creeks,

3.3.6 Ordination of the mine site tributaries and the sixth sampling
event

An ordination was performed on the data combining sites from the four main creeks on
the sixth sampling event with those from each of the tributaries draining the mine site
into Swift Creek. sampled a few days later. This was undertaken to determine whether
there was any gradient of disturbance that may have been present as a result ot mine run-

off. The water quality parameters tor the tributaries can be found as Appendix 7.

The tributaries and main creeks produced an ordination with a stress level of 0.17 using
three dimensions (Figs 3.34 and 3.35). The environmental parameters which correlated

significantly with the ordination space were NotF (all plant types except Eleocharis sp
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and  Eriocaulon caespitosissima) and Conductivity (both at p<0.01), Coarse sand

(p=20.02) and Algae floc (p=0.05).

The ordination showed a separation of sites on the basis of tributaries versus main
creeks. The significant variables on the ordination indicate that much of the difference
was due to algae growth, and higher conductivity, found predominantly at the top North
tributary sites (see Appendix 6). To a degree, we would expect some separation of sites,
as the tributaries are all much smaller streams, thereby being influenced by different
catchment processes. South tributary was largely unaffected by mine run-off with its
source being some 200 - 250m southwards of the mine. Nevertheless, the sites along this
tributary clustered together with the other tributary sampling locations, indicating a
similarity based on the geomorphology of these streams. The ordination was most

influenced by the top three sites along the North tributary.

Taxa which correlated signilicantly in the direction of the conductivity vector were
Ostracods, Nematodes and Hydroptilidae larvae. and in a negative direction were
Leptoceridae. Site conditions at the three uppermost North tributary sites especially,
were exceedingly “muddy™ and conditions appeared very similar to those of a backwater
billabong. Flow along the North tributary fed into an underground seep for several
hundred meters and it is possible that the water "ponded" along the top part of this

tributary once the heavy wet season Hows subsided.,
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Chapter 4: Discussion

Impact assessment studies are undertaken on the effects of a wide variety of
perturbations which may be either natural, such as a forest fire, or anthropogenic,
such as the construction of a mine. Regardless of their source, perturbations such as
these all have the common element of being unreplicated and non-randomized which
complicates the use of interential statistics (Beyers 1998). The analytical short-
comings of such situations, however, can be minimized by the use of multiple
controls (Beyers 1998, Keogh and Mapstone 1995) and temporal replication
(Stewart-Oaten et al 1986), as was the case in this study. However, the authors
mentioned above, together with several others, have suggested that impact
assessment may require long-term baseline data sets to be able to effectively
discriminate between natural environmental variation and human induced effects
(Faith et al 1990; Thrush et al 1994; Bunn 1995; Osenburg et al 1994). While this
clearly, makes mtuitive sense, such inter-annual time frames may simply not be an

option when short-term impact assessment is required.

Studies for assessing the impact on the environment from development projects are
often undertaken over periods as short as one year, or even over one season as was
the case with this study. Faith et al (1990) argue that this lack of temporal replication
reduces the statistical power of a study and represents the main challenge in the
design of a monitoring program. In order to increase the certainty of results for short-
term data sets, it is essential to use statistics in conjunction with a strong causal
argument, which includes discussion of biological plausibility, biological gradients
and consistency with previous studies (Hill 1965 cited in Beyers 1998). The present
study has used a multi-facetted approach to statistical analysis based on the MBACIP
design (Faith et al 1995) of rigorous hypothesis testing and inferential analysis,
combined with causal argument to assess the potential impacts trom the construction

of the Jabiluka mine.

The causal argument focuses on the turbidity levels measured in Swift Creek. A
comparison of these levels with earlier findings highlights their generally low levels
and lack of persistence over the wet season. This information corroborates the

findings of the rest of the study. leading to firm conclusions on the effects of mine
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construction on the macroinvertebrate communities in Swift Creek. downstream

from the Jabiluka project area.
4.1Turbidity in Swift Creek

Turbidity levels were used in this study to estimate suspended sediment
concentrations. Turbidity readings taken at the eriss gauging station located at the
Swift Creek D1 site showed that several times within the first 6 weeks of sampling,
the daily average remained steadily high and above 20 NTU, However, when values
were averaged over a month they were much lower, with monthly values of
approximately [3, 10 and 6 NTU in Swift Creek during the three months of highest
turbidity for the wet season. These low averages indicate that the peak events
recorded in Swift Creek at the downstream 1 site (SD1) may have occasionally
reached high values, however, they were very short-lived events, generally lasting
between several hours and a day. Similarly, in a Californian study, Harvey (1986)
observed no apparent effects on macroinvertebrate communities at maximum levels
of 50 NTU. against a background of 5 NTU, from suction dredge effluent. The
periods of high, suspended sediment were short-lived events and concentrations

showed a wide fluctuation (Harvey 1986).

In contrast to these previous findings. Stowar (1997) reported effects on the
macroinvertebrate community 200 m below a stream crossing between July and
September of the recessional flow period in Jim Jim Creek, Kakadu. During these
three months, the stream crossing resulted in monthly turbidity averages ot 20, 60
and 40 NTU above background levels. Paired upstream (control) - downstream
dissimifarity values for these impacted communities remained high and sat outside
the 95% confidence interval in a regression analysis with stream discharge. Marginal
effects were still noticed 1 km downstream from impact where turbidity levels were

30 NTU above background.

The persistent increase in turbidity observed in Jim Jim Creek contrasts with the
more sporadic, high stream discharges and associated spikes in turbidity recorded
during the early part of the wet season in Swift Creek. Several studies have tfound
that suspended sediment concentrations in savanna streams can show dramatic

variation over the early wet season.



In Magela Creek, Northern Territory. Hart et al (1982) found a strong correlation
between discharge and suspended sediment concentrations. A large total load was
carried within a very short time frame and concentrations peaked some 8 hours prior
to peak storm flow. This suggests that the first run-off waters to enter the stream
carry most ot the erodable material (Hart et al 1982). As Campbell and Doeg (1989)

point out, weekly sampling is likely to miss these rising stages of flood events, (and 3

weekly even more so0).

Firc 15 a widespread occurrence in northern Australia, and can cause variation in
suspended scdiment loads entering streams. irrespective of their hydrology and
rainfall pattern over a wet season. Sediment concentration in two streams in Kapalga,
Northern Territory. were found Lo be 10-100 times greater during storm events at the
beginning ot the wet season. than towards the end of the wet season, showing highest
values for the stream burnt late in the dry season (Townsend 1997). For this stream,
total suspended solids were found to be significantly higher (1600mg/L),
approximately double the concentration found in the other stream (Townsend and
Douglas 2000; Townsend and Douglas 1997). Therefore, some of the factors which
atfect the concentration ot suspended sediment in streams are, amount of rainfall,
where and when it falls in a particular catchment, length of time since last flood
event, size of the event (Campbell and Doeg 1989), and the fire regime of the
previous year. All these tactors cause suspended sediment concentrations to fluctuate

over short time intervals, on small spatial scales.

The fluctuating turbidity levels in Swift Creek at the SDI site can be seen to be a
response to localised discharge over the wet season, and were not persistent enough
to disrupt macroinvertebrate composition at the community level. However. higher
turbidity was recorded for the SD1 site than for the SUM site. for the first six weeks
of sampling. The only factor that could account for this difference is the sediment
input from the tributaries entering Swift Creek above the SD1 site. Their potential
mnfluence will be discussed in the tollowing sections.

4.1.1 Potential influence of the mine tributaries and the eastern
tributary (STE)

The results indicated a possibility that the Eastern tributary (STE) contributed to the
sediment loads in Swilt Creek, as turbidity was found to be relatively high in this

stream over the wet season. However, significantly higher levels were recorded for



both the tributaries draining the mine. North and Central. Visual observation in the
field noted substantial sediment entering Swift Creek from the North tributary,
located close to the SD1 site, early in the sampling program. Further work is needed
to determine the exact contribution from each of the streams draining into Swift
Creek. However, sediment clearly drained from the mine along North and Central
tributaries. contributing to the higher turbidity values at the downstream site over the

carly sampling period.

4.1.1.1 Physico-chemical information on the mine site tributaries: North and

Central.

The two main tributaries draining the Jabiluka mine site, North and Central, both
received sediment loads from areas surrounding the mine during construction.
Waters entering Central tributary potentially transported sediment from waste-rock
stockpile run-off. road-crossings surrounding the mine, and cleared woodland.
Waters entering North tributary had the potential to transport sediments from waste-
rock used to line upstream drains near the dam wall, dam wall runoff and nearby

cleared woodland.

Waste rock. and the blast restdues it may contain. can provide a source of bio-
available nitrate-nitrogen and ammonia-nitrogen to the surrounding tributaries (R.
Batterham. EWLS. pers comm). The waste rock stockpiled during construction
contained (.945 tonnes of available soluble nitrogen and it was estimated that 75% of
this was leached from the waste rock during the wet season tlows of 1998/99,
potentially contributing to downstream concentrations of nitrate and ammonia (at the
DI gauging station) three to four times higher than the pre-disturbance load from the

catchment (R. Batterham, EWLS, pers. comm).

Nitrate levels were not monitored in this study, therefore no comparison can be made
between Swift Creek and the control streams. The dry season naturally allows for the
build up of nutrients within leat’ litter and soils. often resulting in high initial
concentratons of solutes, in particular nitrate, following the first tlush of river
catchments (Mitchell et al 1997). It is plausible there is a connection between
increased nutrient levels in Swift Creek and high abundance of the filter-feeding
Simuliidae in December. however. there is no direct evidence (nutrient data.

creased algal biomass. other taxa responses) to support this.
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4.1.1.2 Abundance of Simuliidae over the wet season

At the first downstream site in Swift Creek (SD1) recolonisation of Simuliidae was
rapid and abundant early on in the wet season. Following the December sampling, a
marked decline was observed, and recolonisation then resumed after a period of
somewhere between 3-6 weeks. by the fourth sampling event. Simuliidae larvae
require clean. unscoured sites for attachment (Williams and Williams 1993: Mackay
1992) and small increases in suspended solids have been shown to increase drift rates
ot both Chironomidac and Simuliidae, particularly for Simuliidae when
concentrations reached 100 mg/L (White and Gammon 1977). It is possible that this
level of suspended sediment was reached in Swift Creek, although it would not have
been a prolonged event. Simuliidae do not seek refuge in the hyporheic zone, but
rather, initiate drift as a response to unfavourable conditions. This means that they
must re-establish from upstream sources. or other nearby perennial pools (Paltridge

et al 1997),

A study undertaken in the River Necker, a Swiss pre-Alpine river. found Simuliidae
to be very tast recolonisers, attaining undisturbed population levels within 1-6 days
post disturbance. Drift was found to be the most important pathway of recolonisation
in this particular study (Matthaet et al 1996). (Matthaei et al 1997) experimentally
disturbed patches of this same stream over the following summer. and found a
reduction of nearly 100% for Simuliidae. post-disturbance, with a lag phase of 12
days observed before recolonisation. (This was suggested to be a long lag phase due
to the distance to source fauna for recolonisation). If Simuliidae are fast recolonisers.
as carlier studies would seem to indicate (Matthaei et al 1996. 1997). then it appears
that some factor or factors were responsible for making the habitat at SD1 unsuitable
over a period of at least three weeks, possibly up to six weeks. Within the framework
of this study it is impossible to attribute any changes to the Simuliidae population at
the Swift downstream sites to mine construction alone. However, given that these
taxa did not recolonise at the SD1 site for this established period of time. the

possibility ol mine influence cannot be ruled out.
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4.2 Statistical analysis of paired-site dissimilarity and
difference data for the four streams over time

Results of paired-site dissimilarities and taxa richness difference data both showed
no significant differences between Switt Creek and the three control streams. either
at the level of "Creeks overall”, or for any particular interactions. Total abundance
difterence data also showed that Swift Creek produced values within a statistically
similar range to two of the control streams, 7J and North Magela creeks, at both the
Creek and Creek vs Time level of interaction. (Cattish Creek had a notably higher
abundance at both sites over the entire sampling period and will be discussed in the
following section). These results all provide tirm evidence that measures of paired-
site difference for Switt Creek were well within the environmental range presented
by the Control streams. These measures were not only visually similar in time series

analysis. but also statistically similar in ANOVA.

The dissimilarity values generated between the main upstream and downstream sites
in Swift Creek were relatively low overall and were well within the range of values
from the three control streams. An exception was the final sampling event where
relatively large dissimilaritics were produced between SUM and SD1; however, this

ditference was not found to be statistically significant based on the Tukey HSD test.

The SUM site was distinet from the downstream sites in containing stands of gallery
torest dominated by Allosyncarpia ternata producing more shaded conditions that
allowed greater abundance of detritus to accumulate as a consequence of increased
[caf fall and tree roots trapping materials, and less attached algae because of reduced
light. Grazers have been found in very low numbers or may be absent altogether
from detrital aggregations, largely as a result of the unsuitability of this substrate for
the proliferation of algae. their main food supply (Dobson 1991). The main upstream
site in Swift Creek (SUM) showed a decline of the IZphemeropteran grazers-
Baetidae and Caenidae- commencing around the 5th sampling event in March,
leading to very fow numbers by the last sampling occasion in May. The conditions of
high detritus cover noted at the SUM site towards the end ol the sampling period

may have contributed towards a declining population of mayflies.

The relative lack of Ephemeropterans created a large dissimilarity in the final

sampling between SUM and both downstream sites in Swift Creek (SD1 and SD2)
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where these taxa still tormed part ot the dominant fauna. Conditions at SUM for the
final sampling event consisted of very low water levels (5-6 ¢cm) and high detritus
cover relative to the other sites. The recessional flows also brought on a greater
dominance of llemipterans and Coleopterans. These taxa may have gained
prominence earlier at the SUM site as a result of reduced water level and flow rate.
Grazers, such as Baetidae. may not compete well against these predatory and
detritivorous  species. as noticed by Dobson (1994), particularly given the

environmental conditions at the SUM site at this time.

It is noteworthy that even with these contrasting environmental conditions between
SUM and SD1 on the final sampling event. the faunal communities did not show up
as significantly different. The statistical sensitivity of the Tukey HSD test may not
have been high enough to detect the difference between SUM and SD1 on the 7th

sampling event.

Difference in paired-site total abundance varied significantly between streams.
However. all of these differences were caused by Catfish Creek, a more perennially-
flowing stream where taxa abundance was higher relative to the other controls and
Swilt Creek. This is largely due to the contribution trom Acarina and Oribatidae

(water mites) and is discussed further in section 4.3.2.

The wend in abundance at all sites in Swift Creek was similar to that noted by
Boulton and Lake (1992b. ¢) where peak abundance occurred just after the onset of
flow, and again, betore the cessation of flow (with the exception of SUM). The high
abundance early on can be seen as a response to the initial [looding of the area,
mitiating an ecological chain of events. from release of nutrients to increases in
primary and secondary production (Paltridge et al 1997). Subsequent flooding can
then be responsible tor a decline in macroinvertebrate abundance. Douglas (1999)
found low richness and abundance during the first month of flow. following high
initial levels in the pre-flow period. This decline was attributed to tlood spates and
their associated disturbance,

These results indicate that the trends in macroinvertebrate community structure
within Swilt Creek were within the natural range for the area over the 1998/99 wet
season. The inclusion of three control streams strengthens this argument by

increasing the inferential power of the statistics (Humphrey et al 1995). It is highly
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unlikely that all threce controls would undergo changes to macroinvertebrate
community structure and produce trends similar to Switt Creek as a result of some
natural perturbation that coincided with mine construction. The use of paired sites
and difference/dissimilarity data reduces the natural environmental variability of the
region down to differences between stream “behaviour™ and not isolated sites. It
nmust be concluded that the observed patterns of differcnce between upstream and
downstream sites for abundance, richness and community structure represent natural

seasonal fluctuations and not an influence of the mine.

4.2.1 The relationship between stream discharge and paired-site
dissimilarity

Stowar (1997) in the study on Jim Jim Creek, found a positive correlation between
declining tlow rate and dissimilarity over the dry season where macroinvertebrate
communities became “more simtlar™ as flow was reduced. Similar trends have been
observed in the upper South Alligator River in Kakadu, where it has been noted that
taxa richness increases over the recessional flow period in this permanently flowing
stream. and upstream-downstream  communities become more similar (eriss.
unpublished data). Outridge (1988) observed a decline. overall, in taxa richness over
the dry season in the seasonally-flowing Magela Creek, and a corresponding increase
in abundance of the dominant taxa. In the case of Stowar (1997) these were
predominantly the Chironomids. A recent study in the Nyamweru River in Uganda
found a correlation between discharge and taxa abundance with low discharge
correlated with high abundance during the dry season (Tumwesigye et al 2000). The
dominant taxa in the Ugandan stream were also Chironomidae (>40%). As tlow
declines, so too does the catastrophic disruption to community structure, allowing the

dominant dry season taxa to proliferate.

I decreasing dissimilarity over the dry season due to decreasing stream discharge is
a general trend (see Stowar [997). then the apparent trend over the wet season should
be one of negligible to small fluctuation. if stream discharge, on average over the life
cvele of invertebrates. does not display any obvious pattern and trend. Paired site
dissimilarities remained reasonably constant over the wet season: the exception to
this was Catfish Creek on the 4th sampling event, where a tlood in the lower East
Alligator catchment reduced abundance at the downstream site. providing an

example of the mcreased "patchiness” that can be associated with local spates. It
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seems reasonable to postulate that any impact from sediment disturbance (if any) was
too small to be detected. within the range of community dissimilarity observed over

the wet season.
4.2.2 Conservation issues and the choice of data analysis

When the issue of concern in biological monitoring is maintenance of biodiversity at
the level of community structure, then multivariate data is of prime importance.
reflecting the response of a whole community of organisms (Faith et al 1995:
Humphrey et al 1995). Smith et al (1988) propose that different species within a
multivariate data set act as replicates of each other’s responses. thereby diminishing
the vartability or "noise™ in the data and, as a result, enhance statistical power. In an
experimental study in a polluted stream, Faith et al (1995) found that the most
sensitive response variable in a BACIP design was the dissimilarity value for the
total community response - as opposed to abundance data for the most sensitive
species. This contrasts to Underwood’s (1993) finding on purported greater
sensitivity  of  population  measures.  However, Underwood (1993, 1994)
acknowledges that an impact may alter temporal or spatial variability ol a population,

and not just mean abundance.

In the absence of pre-impact data, and any tindings of imipact, it is not possible to
determine which measure of paired-site difference was the most sensitive. The
univariate and multivariate data together provide powerful corrobative evidence.
Clearly. all three measures were needed to fully explain ecological patterns of faunal

succession and to corroborate the findings of no-impact from mine construction.
4.2.3 Summary of mine influence

Suspended sediment in Swift Creek was found to be higher at the SD1 site than at the
SUM site for the first 6 weeks ot sampling. However., these levels of suspended
sediment (as reflected by turbidity values) at SD1 were not consistently high over the
wet season. [nstead. there was much [luctuation evident. and average monthly values
were relatively fow. Therefore. it can be concluded that the levels of suspended
sediment in Swift Creek downstream of the mine were not sufficiently high. or
prolonged enough o have disrupted macroinvertebrate community structure over the

1998/99 wet season.
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4.2.4 Potential reasons for not detecting an impact

When a conclusion of “no impact™ is drawn, two scenarios are possible. The first is
that the null hypothesis was correct and there really was no impact. The second
possibility is that the null hypothesis was false, but the impact was not detected
because ot insufficient statistical power i.e. a Type II error (Faith et al 1990).
Statistical power was increased spatially in this study through the incorporation of
data trom sites in three control streams. However, it is possible there was insufficient
pre-impact temporal "replicates” to detect an impact. As the number of years
(replicates) monitored prior to disturbance inereases, the value for the maximum
change or impact that would go undetected becomes smaller. for a given level of

significance (Faith et al 1990).

(iiven the consistent seusonal trends of fauna succession (arch-shaped trajectories) in
each stream, 1t 1s possible that the macroinvertebrate communities in the ARR region
are well adapted to frequent spates and associated increases in suspended sediment
over the wet season, as this forms part of a predictable seasonal pattern (see Resh et
al 1988). The concentrations of suspended sediment transported during the high flow
cvents for all the creeks may well have been within a comparable and tolerable
range.

Factors that influence the rate of recovery after a wide variety of disturbances
(logging. tlooding, drought and chemical stressors) are: 1) persistence of impact. ii)
life history of the organism (including generation time. emergence time. and
propensity to disperse. i1i) time of year in which disturbance occurs, iv) presence of
refugia and v) distance to source for recolonization (Niemi et al 1990). [t is plausible
that all of these tactors worked to mitigate against obvious and sustained disturbance
effects in Swift Creek and in the control streams. The construction ol Jabiluka
disturbed soil in the catchment above Swift Creek. however. suspended sediment
washed into Swift Creek as a pulse event of short, intense peaks. The organisms are
adapted to local conditions with short generation times (Marchant 1982b). und a high
propensity to drift if required. The first Tushes of the mine-site occurred at a time of
vear when it was difficult to distinguish it from the natural variability of the region,
which can be high. Retugia may have been available within streams through a

mosaic of patches left undisturbed from spates (Matthael et al 1999). Finally.



distance to a recolonisation source was readily available from upstream sources.
Clearly, the potential to detect an impact (if one has occurred). from within the
natural variability of the region. is reduced when factors operate in favour of the

restlience of the fauna.

4.3 Seasonal trends in faunal succession for Swift
Creek and the control streams

4.3.1 Temporal trends for all sites

The temporal trends displayed in ordination space for all streams in this study were
“arch-shaped™ seasonal trajectories. These were well detined for both Catfish Creek
and Swift Creek (D1 vs both UM and TW). 7] Creek produced a more defined
arched pattern for the downstream sites than the upstream ones. whereas North

Magela showed the opposite pattern with better definition at the downstream site.

Carfish Creek maintained a tighter fit within this “arch™, as did (but to a lesser
extent) North Magela. This indicates a close biological spacing between sites over
time (Clarke and Warwick 1994). Catfish is spring fed from the base of the
escarpment for much ot the dry season and the early resumption of flow in the wet
season (relative to the other creeks) allowed ftor establishment of macrophytes and
macroinvertebrate community structure prior to the beginning of the sampling
period. When Boulton et al (1992a) studied a 2 year hydrological regime, they found
that the dry stream phase (i.e degree of drying) had more intluence on
macroinvertebrate community assemblages than tloods. The ability to survive the
desiccation period appears to be a critical tactor, setting the recolonisation pattern for

the ensuing wet secason (Boulton et al 1992b).

As deseribed above. Catfish Creek tlows for longer than the other streams in this
study. The permanent nature of' Catfish Creek, in the upper reaches. may therefore
represent less of a “disturbance™ over the dry season, giving certain taxa an
advantage and decreasing colonising opportunities for other taxa. Permanent flow
means that many species would be able to persist all year and thus the communities
will change less dramatically than in more intermittent streams. This may explain
the "tighter” it within the arch-shaped trajectory displayed by Catfish Creek. where
reduced room for opportunistic taxa means that the biological positions of the

upstream and downstream sites were less "extended" than for the other streams.
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The stability of the substrate is also a major factor in reducing the eftects of flood
spates on community structure (Cobb et al 1992; Dole-Olivier et al 1997). It is
possible that Catfish Creek was less prone to disturbance from heavy rainfall events,
especially at the upstream site because it had a well-established stand of macrophytes

throughout the sampling period and these would stabilise the substrate.

The arch-shaped seasonal trajectories tound in this study resemble those found in
intermittently flowing streams by Douglas (1999) and Boulton and Lake (1992b). In
studies of two seasonal streams in Victoria, Boulton and Lake (1992b) found that
streams which (lowed continuously produced a “doughnut shaped™ trajectory in
ordination space, representing a seasonal regression back to a similar biological
community. Streams experiencing a dry period. produced "arched" patterns such as

those observed in this study. indicating a break in flow conditions.
4.3.2 Main determinants of ordination space

Sites in ordination space were separated according to three significant correlates.
Axis | produced a spread amongst the sites relating to changes in faunal composition
over time. Those sites that were highly seasonal by nature, such as found in Swift
Creek, spread far across the right-hand side of ordination space indicating that peak
succession was reached around the fifth sampling event, and then faunal composition
began the return to early/late flow conditions. Axis 3 produced a site separation
explained by water flow. and the relationship between this axis and axis | was
responsible for the arch-shaped trajectories observed in the streams over the wet

SCas0n,

Paltridge et al (1997) in a study ol early recolonisation patterns (tirst month) between
lentic and lotic habitats, found that. with ncreasing time after commencement of
low, the faunal composition from sites in the seasonally-tlowing stream tended to
resemble more closely the fauna from the source sites. Source sites had a high taxa
abundance as a result of permanent water and a diversity of micro-habitats. As this
fauna drifted downstream. the temporary stream was colonised. creating similar
communities to the upstream source. This trend observed by Paltridge et al (1997).
was also seen i this study. where the upstream pattern was "followed" by the

downstream pattern (external arches in the concentric pattern) over the wet season,



indicating that similar communities were forming at the downstream sites relative to

the upstream sites over time.

In contrast to the highly seasonal spread observed for Switt Creek, the Catfish Creek
sites were situated within a smaller ecological range. to the left of the ordination
space. The changes in faunal composition (which relate to the changing flow
conditions over time) were more apparent in the temporary streams than in Catfish
Creek. These sites did not differ markedly in faunal composition over the wet season
compared with the intermittent streams, which contained a greater range of species
(approximately 10 families more than Catfish Creek). Generally, perennial streams
tend to have a greater taxa richness than intermittent streams (Boulton and Suter
1986). However, this was not the case for Catfish Creek.

This stream appears to ofter a reduced opportunity for colonisation, possibly due to a

hydrological regime that is intermediate between  seasonally-flowing  and
permanently-flowing (ajong its length) streams. At either end of the continuum
(permanent vs intermittent) colonisation opportunities exist for the taxa adapted to
these extreme conditions of flow. With respect to intermittent streams, Paltridge et al
(1997) acknowledge that ditferent lile history strategies of the fauna lead to variation
in the timing of recolonisation, and a dynamic successional process. During the early
wet season flows in intermittent streams, large areas of aquatic habitat suddenly
become available, together with the addition ot fresh leaf litter and detritus which
flushes into the streams. This provides an abundant food and energy source and
habitat area. The life-history strategies of the early colonists have adapted to take
advantage of these conditions (Tripodi 1996). Similarly, with the dry season. pool
formation creates opportunitics for colonisation by a different lentic fauna. while
life-history characteristics have evoloved that enable the taxa to survive, or re-

emerge at the beginning ol each scason.

The constantly changing physico-chemical conditions of an intermittent stream
therefore encourage a variety ol taxa (Paltridge et al 1997). Permanently-tlowing
streams tend to have high taxa richness as a result of the diversity of microhabitats
found (Boulton and Suter 1986: Paltridge et al 1997). Cattish Creek. situated
"haltway" between these situations possibly demonstrates less physico-chemical and
Mow-related fluctuation over the wet season, thereby attracting u less diverse range of

macroinvertebrate fauna.
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A dominance of the water mites. Acarina and C_)ribatidae, at Catfish Creek, may also
contribute to the observed trends. Most species of water mites have a wide pH
tolerance (A substantially lower pH was found at the Catfish Creek sites relative to
all the other sites). They have also been tound to be parasitic in their farval stages on
a wide range of insect orders including: Collembola, Odonata. Hemiptera,
Coleoptera. Diptera and Trichoptera (D1 Sabatino et al 2000). It i1s speculative,
however possible, that the high abundance of water mites found at Catfish Creek
constrained community succession in some way. either through occupying much of
the available habitat niches in the benthos, or through parasitism on other taxa. This

speculation clearly requires turther work.

Axis 2 defined a gradient relative to macromvertebrate abundance, and also distance
from the recolonising source of taxa. the headwaters. which Paltridge (1992) found
was the main source of recolomisation in seasonally-flowing Magela Ck in the ARR,
Catfish Creek sites were located tn close proxumity to the headwaters (~2 km from
the upstream site) producing the highest abundance at both sites over the wet season.
North Magela sites were located furthest from the headwaters (11 km from the
upstream site) and showed the lowest abundance overall, Swift Creek and 77 sites sat
approximately the same distance from their headwaters (~2.8 km from the upstream
site for both) and produced comparable taxa abundance for all sites. Paltridge et al
(1997) did not find distance trom source to be a signiticant factor in Magela Creek

mainly because there was not sulticient spatial range incorporated in their study.

The three most important correlates of ordination space; water flow, the seasonal
range of taxa succession, and distance to recolonisation source, account for the
scasonal trends found in this study (as discussed in section 4.3.1 and 4.3.2), It is
apparent that Swift Creek more closely resembles the two control streams located in
the Magela Creek catchment (7] and North Magela creeks), and Cattish Creek

oceupies a distinet biological position.
4.3.3 Fauna recolonisation and succession over the wet season

Different Hlow periods encourage a diversity of taxa. Some families require high flow
conditions such as the filter feeders Simulitddae and Hydropsychidae, that attach to
the substrate and take nutrients from the water column. Other taxa dominate when

ow ceases and residual surface waters become stagnant. For example, predatory
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taxa such as Coleopterans and Hemipterans increase as flow ceases in response to
large numbers of taxa stranded in pools (Dobson 1994). Results indicate underlying
similarities n patterns of recolonisation and succession between Swift Creek and the
three Control creeks. Much temporal and spatial variability was evident between
sites. However, the major taxa involved in the seasonal changes over the wet season
were remarkably similar in all the streams (apart from Catfish Creek for water
mites). OF the four major pathways of recolonisation from dry season retuges; drift,
migration from downstream. vertical migration and aerial dispersion (Williams and
Hynes 1976), the most important one operating in the ARR is drift from upstream
perennial reaches or other permanent water sources such as billabongs (Gunn 1997;
Paltridge et al 1997). However. recolonisation from the sediment (vertical nigration)

can also be an important source (Paltridge et al 1997),

This study found the dominant carly recolonisers to be Oligochates. Nematodes.
Microcrustaceans and water mites at all sites within the four streams. These taxa are
not dependent on food materials growing on the substrate and hence can be
opportunistic early on in unoccupied areas (Mackay 1992). They all have
dessication-resistant eggs and can hatch directly from the sediment:; the dry sandy
substratum of the Magela Creek bed was found to provide a significant refuge for
these taxa (Paltridge et al 1997). Cladocerans and copepods were the dominant early
colonisers in the Kapalga streams studied by Douglas (1999). and were observed in
pools 24 hours after wetting. These taxa showed a remarkable ability to avoid
desiccation over a long dry season period of 6-9 months (Douglas 1999), Similar
results of early recolonisation by Oligochaetes. microcrustaceans and water mites
were found by Paltridge et al (1997) and Boulton and Lake (1992a), these taxa
hatching in sifu or being present in the very early drift from nearby perennial sources
(Paltridge et al 1997). Leptophlebiidae were another early dominant taxa in this
study. and as opportunistic detritivores, may have been responding to the high
amounts of organic matter flushing in from the surrounding catchments with the tirst
wet season flushes,

Early colonizers quickly gave way to taxa that contributed the most to population
abundance in all streams until the recessional flow period began. The Baetidae and
Caenidae maytlies were found in varving abundances by the second and third

sampling event in Swift Creek and euch ot the controls, most abundantly at Catfish
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Creek. with the exception of SUM. They were particularly dominant at Swift Creek
for the final third of the sampling program. especially. with the exception of SUM.
They were also the “core™ taxa found in Victorian intermittent streams (Boulton and

Lake 19924a),

Trichoptera did not increase in numbers significantly until the last two sampling
events for Swift. Catfish and 77T creeks. 7T also had substantial numbers of this taxon
on the third sampling event at the downstream site. There were never high numbers
of Trichoptera at either site in North Magela. This taxon was classed as a “mid-
successional” colonizer by Boulton and Lake (1992a) and found to predominate
along with the Ephemeropterans throughout the middle of the study period. Some
Trichoptera such as Hydropsychids need rougher surfaces for attachment that may
not be available until algal mass builds up on stones, partly explaining their later
colonization habits (Mackay 1992). They are also detritivores and therefore rely
upon the breakdown of organic matter (Tripodi 1996). This process may occur at a
faster rate as water temperatures rise temporarily in the ponded areas which develop
during receding flows, and may explain their later influence upon community

structure (Hemphill and Cooper 1983).

The dominance of the later taxa is evident for all creeks as recessional flow
commences with increasing abundance of Chironomidae, Hemipterans, Odonates
and predatory Dytiscids, amongst other beetles. This was also the trend found by
Boulton and Lake (1992a) and they describe these taxa as the “summer” taxa most
commonly associated with lentic waters. Chironomids increased in numbers for the
last two sampling events in Swilt Creek and slowly over the sampling period for 7.
and Catfish Creek. High numbers were found in North Magela at the beginning and

end of the sampling regime.

=

The multivariate technique of ordination has proven to be a highly usetul tool in the
analysis of community data sets providing for a comparison between temporal
patterns ol taxa succession. This study seems to support the contention of Boulton
and Lake (1992b) and Douglas (1999) that there is an underlying seasonal periodicity
to intermittent streams. regardless of the abiotic and taxonomic variation that occurs
between different geographical regions. Trends in faunal succession over the wet
season that have been found in Magela Creek (Tripodi 1996: Paltridge et al 1997)

also now appear to apply 1o the streams in the ARR on a more regional basis.
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4.4 Limitations to the study

The main limitation of no pre-impact data has been mentioned previously. and

discussed with respect to moditications of the MBACIP design (see section 1.3.2).
4.4.1 The Eastern Tributary

The MBACIP design employed in this study is based upon the comparison between
upstream and downstream sites from within the same creek. amongst a range of
different creeks. including several (three) controls and one potentially-impacted
creek (Faith et al 1995). Creeks are compared for patterns of temporal change based
on a difference value produced between the up and downstream sites. This reduces
the natural variation found at different sites to "within" creek biological differences
and a major premise of this design is that similar lotic influences are acting upon
both the up and downstream sites. From this premise the MBACIP design can infer
impact if the treatment creek (Switt Creek) lies outside of the range presented by the
control creeks. However, this design also assumes that there should be no other

confounding variables that may intluence the sites. When selecting sites from within

a natural environment, it may be difficult to hold constant all other lotic influences.

Swift Creek recetves inflow from a number of tributaries that intercede between the
up and downstream sites. Three ol these are the tributaries draining the mine site
trom the western side: North, Central and (to a lesser degree) South tributary. A
tributary also enters Swift Creek from the eastern side draining into the creek above
the downstream sampling sites. This eastern tributary (STE) is a vounger channel to
the other tributaries and has been found to contribute large sediment loads into Swift
Creek (K. Evans. eriss. pers. comm). It was found to be the most turbid of all the
creeks monttored in the Switt Creek catchment area during the 1998/99 wet season.
The Eastern tributary introduces an uncertainty into the analysis. Until its dynamics
are well understood. it reduces the inferential power of the study which attempts to
exclude all other possible causes of an observed change. leaving the only explanation

to be the impact in questton. L.¢. mine construction (Humphrey et al 1993).
4.4.2 Level of Taxonomic resolution

Family level identification in this study was able to discriminate well between sites

tor patterns of seasonal community structure changes. producing arch-shaped
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trajectories for Catfish Creek. Swift Creek and to a lesser degree, 7J Creek and North
Magela., This particular pattern is known to be representative of intermittent streams
i tropical and temperate regions. The loss of the family Simuliidae was evident from
the SDT and SD2 sites after the first sampling event in December. However, more
subtle community-level changes were not noted and it is possible that species level

information would have revealed more information.

The family Chironomidae have several species that are particularly sensitive to
suspended sediment (P Cranston, pers. comm). Stowar (1997) found that
Chironomidae were adversely affected by increased suspended sediment from a road
crossing m Kakadu over the dry season. This effect in Jim Jim Creek was observed
using family level identitication.. Flowever, the more subtle turbidity levels recorded
m this Jabiluka study suggest that a more sensitive approach (higher taxonomic level

ot identitication) may have improved the discriminatory power.
4.5 Recommendations for Future Monitoring
4.5.1 Monitoring of the Tributaries

The tributaries draining the mine site (North and Central) would provide the first
indicators of any disruption to the benthic community resulting from mine activities.
North tributary provided evidence of being the site most influenced by mine
construction indicated by high conductivity values recorded during late wet season
sampling. with values ranging from 19.5 - 50 puS/cm. Corbett (1996) and O’Connor
et al (1993) both found that conductivity separated out mine intluenced waterbodies
from undisturbed locations, suggesting there is some correlation to human
disturbance. High conductivity has also been associated with other sites (mainly
billabongs) in the ARR that have been disturbed by mine activitics (OSS 1993). An
earlier study in the Magela Creek catchiment (which encompasses Swift Creek) found
a range for conductivity between 10-21 pS/cm indicating the naturally fow levels of
dissolved salts prior to mine construction (Hart et al 1982). In accordance with the
“precautionary principle” for environmental impact assessment. it would seem wise
to continue monitoring the three uppermost sites at North tributary during the late

wet scason sampling. as part of the ongoing baseline monitoring for Jabiluka.

101



4.5.2 Sampling sites and Control streams

The SUM site in Swift Creek was heavily influenced by detritus, most notably
towards the end of the sampling period. and this lead to large dissimilarity values for
the fast sampling event with the SD1 site. Even though no statistical differences were
found based on these dissimilarities. it is important to be able to match habitats as
closely as possible (in the treatment stream especially) in order to avoid any
confounding results. If possible. a site along the main branch that has less detritus

cover would be better for future monitoring.

The ncluston of a second upstream site in the treatment creek (STW) is not a
necessary aspect of future monitoring (past the 2nd year of data collecting in 2000).
The large biological distance, (at times statistically significant in relation to the
control streams), shown by STW in relation to SD1 invalidates this site as a sound
upstream control. Too much variation is introduced. producing large dissimilarity
values that are the result of habitat differences rather than any mine-related factors

acting upon the downstream site.
4.5.3 Level of taxonomic identification

Species level identification of Chironomidae larvae should be included as part of
future monitoring so as to be able to assess if any particular species are being
affected by sediment concentrations. As mentioned previously, several species of
Chironomid are known to be particularly  sensitive to  elevated sediment
concentrations (P Cranston pers. comm) and information on their abundance would

increase certainty ot conclusions.
4.5.4 Analysis of sediment in the tributaries

[t is important to be able to separate influences from the mine from those of the
LZustern tributary. Sediment from mine construction run-ofl” could be expected to
contain higher levels of organic material as a result of soil disturbance and potential
erosion effects. in relation to the Eastern tributary. An assessment of suspended
solids at the point ot entry into Swift Creek for cach of the three major tributaries;
North. Central and Eastern. and also at the SD1 site. would establish the contribution

of cach to the total loads found downstream in Swilt Creek.



4.5.5 Measurement of environmental variables

Swift Creek and two of the control streams, 7] and North Magela have gauging
stations monitoring water level and turbidity data. One of the difficulties with this
study was the inability to compare turbidity readings and stream flow between
Creeks on anything less than a weekly interval. During the dry season. this time
trame 1s acceptable given the lack of variability. Over a wet season. these variables
alter rapidly and constantly and comparable readings (even on a daily basis) would
provide an indication of focalised conditions and form a basis for comparing creek
discharge. which is a highly influential variable in determining macroinvertebrate

comnmunity structure.

4.6 Conclusion

This study was undertaken over one season, in an environment characterised by
extreme seasonal water level fluctuations. In the absence of pre-impact data, the
strongest conclusions pertaining to impact must be inferred from a suite of inferential
statistical analysis (e.g. ANOVA, time series and multivariate ordinations). From the
conservation perspective, the advantage of the MBACIP design is that information
about the ecological importance of any observed changes will be enhanced because
data from the entire community of organisms are used (Humphrey et al 1995; Faith

et al 1995),

The results indicate that Swilt Creek was not noticeably disturbed by the
construction of the Jabiluka mine. It is also possible that any disturbances that did
oceur were either too small, or too short-lived, to be detected within the fluctuating
environmental conditions observed over the 1998/99 wet scason. It could therefore
be argued that any small change observed (i.e. temporary loss of Simuliidae at the
downstream sites - even assuming this was mine-related) would not qualify as an
important disturbance. in that macroinvertebrate community structure in Switt Creek
was not perceptibly altered, either at any one pacticular sampling event, or over the
wet season in general. Therctore. a strong causal argument based on these following

points. leads firmly to a conclusion of no impact,

»  Water quality (apavt trom turbidity) showed no anomalies in Swift Creek over the

wet season
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Turbidity fluctuated over the wet season in Swift Creek, indicating that peak
events of suspended sediment concentration were relatively low and not
persistent.

No other studies have reported effects on macroinvertebrate communities at
similar levels of suspended sediment (i.e. relatively low and short-lived).

Evidence from ANOVA based on multivariate and univariate parameters showed
no signiticant differences between streams, apart from those attributable to high
abundances in Cattish Creek.

Seasonal trends in taxa succession, abundance and richness for Swift Creek fell
within the natural environmental range and patterns displayed by the control
streams.

No biological gradient. showing changes to macroinvertebrate community
structure. was detected at the SD2 site.

The inferential capacity of the MBACIP design is considered to be high with the

inclusion of three control streams and paired site sampling within streams, especially

when pre-disturbance data were unavailable. The ability to observe stream

“behaviour™ over a wet seuson is a very powerful biological tool, using the natural

relationship that links up and downstream sites within the same stream to an

advantage. It can be concluded that the biological monitoring program provided the

mine with conclusive evidence of no-impact from the construction of Jabiluka. and

clearly, biological monitoring programs have a very important role in impact

assessment and monitoring,
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Appendix 1: Review of studies on the effects of suspended sediment

Sediment. which either remains suspended in the water column or deposited out onto
the substrate, becomes a problem when duration of exposure or concentrations
exceed levels normally found in the natural systems (Newcombe and MacDonald
1991 Hellawell 19806). If the sediment remains in suspension. it can cause a decrease
m water clarity and add to the non-nutritional status of material in suspension for
filter-feeders, or it can physically harm aquatic biota (Hellawell 1986). If sediment
settles onto the substrate, it can coat and scour the surface, fill in vital interstitial
pores that provide habitats for invertebrates. or reduce periphyvton (Hellawell 1986:

Richards and Bacon 1994),

Forestry Activities

Forestry activities such as clear-telling result in the release of large quantities ot
organic matter previously bound up in the soil and tree root systems. This organic
enrichment not only creates increased sediment loads but can create anoxic
conditions for aquatic tlora and fauna (Ryan 1991). The results ot several studies
highlight how sites downstream of logging activities show a decrease in diversity
and/or abundance, of benthic invertebrate communities (Newbold et al 1980: Growns
and Davis. Davies and Nelson 1994;), Davies and Nelson (1994) examined the
ctfects of logging a Tasmanian torest over several seasons and found changes in the
taxa of downstream receiving waters. Most reduced in abundance were stonetlies.
Leptophlebiidae mayflies and the Brown trout. Growns and Davis (1994) found a
decrease in both abundance and diversity of the downstream taxa at four treatment
sites in a south-west Western Australian forest atter four months of clear-felling.
however. recovery of the fauna was rapid when sediment loads returned to pre-

impact levels,

Another response Lo disturbance can be the increase in numbers of opportunistic taxa
which benefit from disrupted conditions through having rapid colonisation rates or
short generation times (Hynes 1970). Newbold et al (1980) tound the opportunists,
Chironomidae and Baetidae (Baeriy). oceurred in large numbers at logged sites.
thereby reducing overall community diversity, Some Chironomidae species have the
ability to burrow into the hyporrheic zone where a more favourable OXygen

environment is available (Gunn 1997). A 3-fold inerease in Chironomidae was found
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one year after logging, combined with a decrease in Ephemeroptera. Odonates and
Plecoptera taxa for the Piscataquis River in the U.S.A after widespread deforestation
in the catchment (Garman and Moring 1993). Silsbee and Larson (1983) found a
pattern of increased abundance in general in logged streams 40 vears on from initial

logging practices. They postulated that this pattern might be due to an increase of

=l

allochthonous material from secondary regrowth.

Construction Activities - Roads and Dams

Road construction studies undertaken in the 1970s and early 1980's showed changes
to species composition resulted from increased suspended solid loads entering
streams  (Barton 1977 Extence 1978: Cline et al 1982). The filter feeding
Hydropsychidae showed reduced density in Extence’s (1978) study, as did other taxa
which rely on a stable substratum. Barton (1977) and Cline et al (1982) both
recorded high maximum levels of suspended sediment; 70-500 mg/L (<10 mg/L
hackground) over 4 months. and 1390 mg/L (<5 mg/L background) over 8 months
respectively. Stowar (1997) looked at macroinvertebrate communities downstream of
a road crossing in Kakadu National Park and found that maximum turbidity levels ot
60 NTU s, corresponding to suspended solid loads ot 100mg/L, against a baseline
level of =5 NTU s, over a 3 month period, were sufficient to cause the loss of

Chironomidae from the downstream community.

studies of both Dartmouth and Thompson Dams, in eastern Australia. have shown
that construction activitics increase the loads of suspended sediment to streams (West
ctal 1984) leading to deposition far downstream. in some cases up to 33km (Davey
etal 1987). Algae are able to profit from increased nutrient loads that adsorb to
suspended particulate matter; when flow rates are suitable, algae proliterate. The
appearance of a layer of algae on rocks in riftle areas downstream of the Dartmouth
dam caused severe changes to benthic macroinvertebrate communities. Community
structure became dominated by a few tolerant taxa such as Oligochaeta and some
Chironomids (West et al 1984: Blyth et al 1984). Doeg et al (1987) found an eftect
353km bhelow the Thompson dam construction site where total abundance and
diversity of samples were all lower than upstream locations, Chessman ct al (1987)
found that while improved erosion control reduced the impact from construction at

Blue Rock Dam on the Tunjil River, faunal density was still reduced by 30-40% at
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downstream locations. Turbidity levels ot 480 NTU were reached. however the range

as a pulse effect over 3 years was between 1-110 NTU (Chessman et al 1987).

Sediment Addition from Reservoirs, Dredging and other Land Use Practices

Hogg and Norris (1991) studied the effects of urban land clearing on the
Murrumbidgee River and found reduced numbers of invertebrates in the downstream
pools with Oligochaetes dominating these sites. This was attributed to alterations to
the substrate by the deposition of fine inorganic particulates. Levels of up to 560
my/L were reached above a background of <Smg/L as brief pulses over several years
preceding the study. In contrast, McCabe et al (1998) and Harvey (1986) both noted
no statistically significant changes to the invertebrates sampled at sites atfected by
dredging activities; the substrate did not appear to be sufficiently altered in either
study to have deleterious effects. Harvey (1986) reported that maximum levels of 50

NTU were reached but that these levels were short-lived events.

Recovery from disturbance can be very rapid when the sediment remains in
suspension because it is washed through the system more quickly. The flushing of
sediment from a reservoir in Wyoming caused the suspension of fine particulate
matter with no deposition occurring downstream. A 20-fold increase in suspended
sediment was recorded over a two month period. As a result, chironomid populations
decreased by 90% during this time with Oligochaetes increasing in abundance,
however, a return to pre-impact abundances for these taxa took only 3 weeks (Gray

and Ward 1982).

Placer (atluvial) gold mining provides another set of studies where the pollutant is
almost exclusively suspended sediments. Research in New Zcealand has shown that
clay particles in the water column caused an increase in turbidity from 2.4 NTU
upstream to =100 NTU (median 15 NTU) downstream of mining (Davies-Colley et
al 1992). A study undertaken 2-8 vears post-disturbance revealed levels of 134 N'TU
against a background of <8 NTU. resulting in significant reductions in invertebrate
densities and taxonomic richness. especially where turbidity loads remained high
(Quinn et al 1992). A lowered productivity resulting ftom the degraded food supply

was considered the main reasons for these effects.
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Appendix 2 Review of adverse effects on aquatic biota from suspended

sediment

Effects on macroinvertebrates

When sediment settles onto the substrate it can cover the periphyton which is a major
lood supply for most grazing benthic taxa thereby reducing abundance through
scouring and light reduction for photosynthesis (Rvan 1991; Newcombe and
McDonald 1991). The filter feeding taxa are affected through clogging of their gills
which results in stress. growth reduction and also death (Newcombe and McDonald
1991). Filter feeders are also susceptible to starvation when too much inert matter
dominates in their food supply thereby decreasing the nutritional value of the diet
(Hellawell 1986). Respiratory processes can also be affected by fine silt particles

causing oxygen deprivation in the organism (Chutter 1968),

Substrate aftects macroinvertebrate assemblage structure directly through creating
different sized interstitial spaces for colonisation (Richards and Bacon 1994). Fine
scdiment deposition can fill these interstitial spaces thus reducing available habitat
for hyporheic taxa. Sediment deposition onto the substrate can influence the
assemblage structure as certain taxa require smooth surfaces for colonisation e.g.
Simuliidae (Chutter 1968). Stability of the substrate can also be atfected if stable
habitat is replaced by less stable particles making it difficult for certain taxa to

maintain an attachment (Hellawell 1986).

Drift is a phenomenon of movement of benthos in the water column that can be
cither part of normal behaviour (i.e. diurnal drift) or a result of disturbance.
Catastrophic drift, as the latter is termed. is a behavioural response to contamination.
including increased suspended sediment. where the benthos move away from the
tocation of the pollutant in high numbers. resulting in altered community structure

(Fairchild et al 1987: Doeg and Milledge 1991).

The general result of sediment pollution is to alter community structure i.e. diversity
and abundance. with the loss of species intolerant to altered conditions and
replacement by more tolerant forms such as the burrowers, ¢.g. Oligochaetes and
Chironomid larvae (Hellawell 1986). This change in community structure has a

cascading etfect to mgher trophic levels.



Effects on fish

["ish respond to increased suspended solid loads either directly or indirectly through
trophic changes to the secondary production, such as to their food supply in the
benthos. Effects can be either lethal or sub-lethal depending on the level of
concentration of sediment. Direct effects can stem from reducing respiratory and
feeding efficiency with the added burden of silt particles in the water column
(Hellawell 1986). Respiration becomes atfected as a result of increased mucus
secretion by the gills. As food is filtered through the mouth and gills suspended
particles can cause irritation resulting in increased mucus secretions to off-set this
cffect. The mucus attracts sediment particles that together form a layer that can
inhibit respiration (Reynolds et al 1989). This can also lead to reduced growth rates

and imcreased stress amongst the population (Lloyd 1987).

Turbid waters make sighting prey. as for the Arctic grayling and salmon. much more
difficult (Revnolds et al 1989). This can result in avoidance behaviour where clearer
waters are sought out (Bisson and Bilby 1982). As a result, feeding rates may be
affected as planktivorous fish, which are selective of prey size switch to feed upon
the larger prey classes. This behaviour also affects the zooplankton community
structure (Gardner 1981). Visual disturbance has been found to interfere with cues

for mrgration patterns and disorientate tish in this manner (Lloyd 1987).

Fish, together with macroinvertebrates. rely upon the substratum for stages of their
lite cycles. Interstitial pores provide spaces for egg-laying. Fish such as the
Macquarie Perch lay their eggs amongst gravel substrate and this can be smothered
by deposited sediment creating anoxic conditions for egg development (Peters 1967).
Other fish species lay adhesive eggs and suitable sites need to be relatively free from
silt and attached particles (Koehn and O’Connor 1990). Reynolds et al (1989)
measured turbidity levels as high as 1000 NTU over a study period and found that
epps (sac fry) were extremely vulnerable at these high levels through the

aforementioned processes.

Effects on aquatic plants

Light penetration is affected by increased particles of suspended sediment in the
water column and this can adversely etfect aquatic vegetation dependant on this

cnergy source for growth (Hellawell 1986). Growth rates and biomass of periphyton
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can be affected by the nutrients that adsorb onto sediment particulate matter
(Newcombe and MacDonald L991). Turbidity levels as low as 5 NTU can cause a
subsequent decrease in primary productivity by as much as 3-13% and an increase of
25 NTUs may cause a reduction of between 13-30% in primary productivity (Llovd
1987). Van Nieuwenhuyse and LaPerriere (1986, cited in Ryan 1991) measured
primary productivity in mined and unmined streams in Alaska. They discovered that

turbidity levels of 170 NTU caused primary productivity to be reduced by 50%. A

complete loss of primary productivity occurred at 1200 NTU,

Experimental Studies

Several studies have attempted to determine the level at which suspended sediment
constitutes a pollutant in waterways. These types of experiments are still only
relevant to their particular local conditions of environment. climate and disturbance.
As with most experimental studies, it is difficult to extrapolate with any certainty the

conclusions to other situations.

Doeg and Milledge (1991) experimentally altered sediment input levels over 1.5
hours in a channel in north-eastern Victoria. Levels were altered every 15 minutes
and it was found that the level of 133mg/L (suspended solids) initiated catastrophic
drift by benthic invertebrates. This concentration threshold resulted in a 7-fold
increase in total abundance of invertebrates in the drift. Several taxa appeared to be
more sensitive to the sediment addition. Fairchild et al (1987) carried out a similar
experiment where sediment at levels of 1700 mg/[. was added to a stream every 2
hours over a six week period. This increase in loads of sediment altered drift
dynamics of the mvertebrates by delaying nocturnal drift patterns. Net nutrient
retention increased as well. This level of sediment addition was considered to be low
yet drift dynamics appeared to be sensitive even at this level. Community structure
was unaffected by the sediment. Culp et al (1986) added fine sediment to a stream in
order to assess the etfects of suspension and deposition upon benthic communities. [t
was found that transport of sediment (saltation) caused catastrophic drift, reducing
benthic density by 30% within 24 hours. The deposition of sediment did not have any

noticeable effect upon stream biota apart from one taxon.

Lxperiments  have also investigated  trophic  changes to  macroinvertebrate

communities by the addition of suspended sediment. Shaver et al (1997) examined



(wo algal communities under different suspended sediment loads. one turbid the
other not. They found that higher levels of sediment caused proliferation of one algae
over another thereby reducing mactoinvertebrate biomass. The algae Oscillatoria,
coped well with sedimented conditions, and supported significantly  less
macroinvertebrates. Bunn (1987) tound that an important pathway of food processing
was interrupted by sedimentation. Lotic systems rely upon the spiralling of nutrients

and a reduction in density ot shredders will in turn upset benthic community balance.
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Appendix 6: photos of sampling sites

Suspended sediment entering Swift Creek Downstream 1 from the North tributary during early
wet season flows in January, 1999

Swift Creek Downstream 2
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Suspended sediment entering Swift Creek from North Tributary during early wet season
flows in January, 1999
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Catfish Creek Downstream
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Appendix 4: Methods used in Water Chemistry Analysis

Variable Method Reference

pH Electrometric APHA*2510D

Alkalinity Acidimetric titration APHA*2320B

Conductivity Electrometric APHA*2510D

Turbidity Nephelometric APHA*2130B

Orthophosphate Spectrophotometric APHA*4500P

E

“Total phosphorous Acid digestion and APHA*4500P
spectrophotomeric E v

Total organic Carbon/ Acidifeation, persulfate APHA*5310D

Dissolved Organic Carbon oxidation '

Na+, K+, NH4- HPLC ERISS*

S047, Cl-, NO3-, Ca**, Mg®*© 'HPLC ERISS*

Al, Mn, Fe ICP-AES External*

Cu, Ph, Zn, U, Ni. Cd. Cr 1ICP-MS External*

*APHA-as specifted in APHA (1995) Standard methods for the Examination of
Water and Wastewater. 19" Edition. American Public Health Assoclation,

Washington.

*ERISS- unpublished method developed on site at the analytical chemistry

laboratory in Jabiru. NT.

*External-analysed by ChemNorth Laboratory at Berrimah, Darwin, NT.




Appendix 5: General water chemistry analysis for main sampling sites

Variable Sites: .. Sampling Dates . \
21-23/12/98  12-14/1/99. 2-4/2/99::22-24/2199.  15-22/3/99,719-23/4/99" 10-12/5/99
pH STW 6.02 5.60 521 5.69 & 5.21 45,68 6.27
SD1 4.82 508 g gdl - 516 512525 575
sD2 4.52 5.10 450 493000 4,900 76.47 572
sum CNR R 4.47 412 3.97000 443 s s 4
NMU 5 5.89 6,091 B B0, 6.03 2583 W BA5 L6 39
“NMD .00 HUB22 70 BT TE2T T8 626 B.27
7JU 487 4.67 567 . .'5.06 .5:01 5.87 . 175,85
74D 4.80 % . B.37 5.34: 1550 15,83 $5.92: 17 B4
CFU 4.40 4.90 428 500 408 ol 48 AT
CFD 4.52 4.91 Ld.27 4,76 412, 407 4:93
Alkalinity: .. 8TW 3.48 1.52 1.24 . ENR 0,48 310 NR
(mg/L CaCdsy +'SD1 0.10 020" . 0.36 NR .0.42 0.64 0 UNR
Sp2 40,10 0.26 1+0.36 . NR 0.56 .. .0.94 ZHNR
SUM - NR 0.10 77 0.00 NR 0:10 00 e ENR
NMU 2.70 3.66 384 5 oNR. L 03.94 NR i UNR
NMD 2.84 - 357 416 U VUNR SETI3T6 e NR “.NR
7JU 0.28 0.18 0.34 ' ./INR Q.56 NR: i INR
74D 70010 ,0:82 2.04. NR 101,28 “NR "NR
CFU 010 010 250072 Q407 010 R TINR i NR
CFD 010 0.10 - . :0.00 0:10 “0:10 NR “UNR
EC STW 20.0 10.0 9.1 9.0 50 1.0, 577-18.5
(miSlem) sD1 12.0 10.0 11,0 =1.-10.0 6:0 9.0 #7130
5D2 NR 10.0 11,6 1:79.0 6.0 9.0 i 14.0
SUM NR 13.0 13.5 110 LT 1.6 e NR
NMU - 11,0 16.0 ¥.17.0 14.0 12.0 SUNR 16:0
NMD .+ 13.0 16.00 . Y0 17.8 L0140 12:0 14.0 16,0
7JU 9.0 10.0 8.2 8.0 7.0 1.5 7000 14.5
7JD 9.0 10.0 10:0. 8.0 ST 0 7.0 15,0
CFU 13.5 14.2 9:8 8.0 7.9 g 5.5
CFD 14.0 12.0 10.3 © 7480 2 10.6- . 14.0
Turbidity STW 23.70 23.00 339 L0007 .00 2.00 1.60
(NTL) SD1 . 44.00 4.43 2:74.0°072.00 R0 500 +1.00. 0.75
sD2 2.35 2.00 3130 3.00 “eEBI00 2,00 2:20
SUM NR 1.00 1,05 1.00. U 6,00 0 ii0ie3 ‘0140
NMU 113.00 16.00 570 8.00 : .7.00 +0.05 <200
NMD 48.00 13.00 530" . 7.00 SEOUB00 i 3.00 1.90
7JU 9.60 1.00 11.91 23007 4,00 CONR i 1.50
7JD 12.00 2.00 17.94: 300 4.00 4.00 - 1.53
CFU 0.81 0.58 1.45. <7100 100 0.15 NR .
CFD 0.43 0.75 1.50 400 w5 090 AT 2.23
TOC STW 7.34 3.83 2.20 2.03 255 NR NR
(mg/L) sSD1 4.70 2.71 279 0 0228 3,29 NR NR
sD2 5.37 2.79 2.86 2.34 3.57 NR NR
SUM NR 2.85 2.76 2.14 3.09 NR NR
NMU 6.34 5.26 3.30 3.32 3.90 NR NR
NMD 6.23 494 3.30 325 3.82 NR NR
7JU 6.33 3.33 4.03 2.71 3.26 NR NR
74D 6.74 3.55 3.54 2.91 3.16 NR ‘NR
CFU 4.36 3.81 4.56 2.67 NR . NR NR
CFD 4.60 3.64 4.65 2.59 “ 'NR NR NR
Doc 5TW 7.47 3.82 2.20 1.82 2,75 NR NR
(mg/L) SDt 4.72 T 2,90 2.70 1.99 3.31 NR NR
sD2 5.45 3.02 2.76 2.01 3.65 NR NR
SUM NR 3.01 265 1.98 305 NR NR
NMU 6.07 5.42 3.32 2.94 3.47 NR NR
NMD 6.11 4.90 3.05 2.84 3.59 NR NR
7JU 6.73 3.51 3.95 2.48 2.99 NR NR
7JD 6.97 3.72 3.52 . 247 3.00 NR NR
CFU 4,28 3.84 4.29 2.54 NR NR NR

CFD 463 3.75 3.97 235 NR NR NR
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Appendix 6: Analysis of metals for main sampling sites

Variable: Site

‘Date of sampling

10-12/5/99

21-23/12/98_12-14/1/99_2-4/2/99 _22-2412/99 © 15-02/3/89  19-23/4799
Al STW - 65 94 16 T 18, '8 .38
: .SUM. -~ NR 55 63 43 21 24 NR: v
SCD1 /. 65 48 46 32 57 17 34 o
scD2 80 48 51 30 81 17 53
NMU 73 26 62 42 06 NR “i14
'NMD" 34 24 40 28! 16 NR 3
74U 85 65 12 10 50 21 57
7D 104 99 13 9 38 14 36
CFU 95 79 89 47 64 36 43 %
CFD 105 71 9% 43 64 42 48
cd o STW. 710.00 1000 0.00 " 0.00 0.00 " 0:00 10.00
- SUM NR “0.00 0.00 0.0 0.00°7 710,00 “NR
SCD1 0,02 0.00 0.00 - :0.007 1 0,00 0.00 000 i
'SCD2 " 0.00 0.00 .00 10,00 0.00 000 000
NMU  0.00 0.00 0.00" 20.00 0.00 NR 0.00.:
NMD  0:00 0.00 0.00 /0,00 0.00 " ENR 0,00
73U 0,00 4000 1000 0:00 0.00 -0 50.000 7 0:00
70D 10.03 0.00 003 0.0 ©0.00 0.00 0.00
CFU . 0.00" 0.00 0.00 - 0.00 0:00 0.00 0.00
CFD " 10.00 0.00 0.00 . 0.00 0.00 0.00 0:00
Cricy CUUSTW 0.2 0.1 0.3 0.2 0.1 0.2 02
SUM  NR 02 0.3 0.2 0.1 0.2 NR
SCD1 0.1 0.2 0.4 0.2 0.1 0.2 0:2
SCD2 0.2 0.2 0.3 0.2 0.1 02 102
NMU 70,2 0.3 03 .03 0.2 NR 0.1
NMD 0.4 03 03 0.2 0.1 NR o2
70U 02 02 03 0.3 0.1 0.2 D2
70D 02 0.3 0.3 0.2 0.1 0.2 02
CFU 02 0.1 0.2 0.2 0.1 0.2 0
CFD 0.2 0.1 0.2 0.2 0.1 0.2 0:1
Cu: STW 010 0.05 0.05 012" 0.12 0:10 010
SUM 'NR ..0.05 004 . 012 0.12 0.20 NR
SCD1 . 0.08 0.03 0.11 014 0:14 0.14. 0:07
sCD2- 0 0.11 0.02 008 . °0.13 0.13 0.15 0.24
NMU  0.70 0.26 0.09 014 0.28 NR 0113
/NMD .:0.68 0.27 015  .0.16 0.27 NR 1043
70U 0.07 0.02 020 . 025 0.13 0.19 0.07
70D 010 0.07 026 025 0.13 0.16 0:08
CFU 004 -0.03 0.01 0.11 0.20 -0.05 0.11
CFD .0.08 20.02 0.01 0.17 0:17 0.03 40,10
Fe STW 137 220 46 57 82 41 451
SUM  NR 102 74 67 .48 43 ‘NR
SCD1 82 65 61 57 77 43 352
SCD2 164 70 63 53 69 46 540
NMU 136 105 72 66 67 NR 277
NMD 109 101 59 55 67 NR 274
70U 9 122 62 70 72 40 492
70D 112 254 67 70 59 39 410
CFU 74 47 62 49 95 39 78
CFD 98 65 89 59 89 147 225
Mn - STW  8.05 4.42 2.01 1.78 271 2.59 3.48
SUM  NR 3.76 3.50 . 258 1.81 285 NR
SCD1 457 3.78 348 264 3.04 - 2.63 3.28
SCD2  9.28 4.05 360 265 3.15 2.59 3.41
NMU 920 5.37 459  3.04 411 NR 3.47
NMD 657 4.50 402 271 431 NR 3.83
U 512 3.83 395  4.05 3.16 2.76 4.85
7D 632 4.69 443 413 3.00 266 3.55:
CFU  3.78 2.25 2.31 1.71 1.82 1.61 2.89
CFD 430 2.31 264 188 2.20 2.28 3,98

(All values in mg/L)
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Appendix 6 contmued

Vanable Site: . Date.of sampling: : L
21 ~23/12/98  12-14/1/99  2-412/99 | 22-24/2/99" "~ 15-22/3/99 19~23/4/99 10- 12/5/99

Nio, o ST\NV\ A03 011 0.10° 10,08 ©:..0.06 0.0 ihngi1e il
SUN: T UNR 006 006150 0.07. s 0.06: 40 013 INR b
SSCDA 0.04 :0.08! 012" 0.0 008 0280 010
SCD2.. . 0.10 0.07 7010 - 1 '0:08 0:26 007022
NMUE 5000017 0:22 0.1 1010 i 0.24, R ONR T 0,10
NMD 020015 013 016 0.14 NRz2 0010
STIUL 0.07 0.06. 1.5 0,15 015 0:09 0:21 501
74D 0.09 - . 0.08 04557015 00957 0 1018, i 0107
‘CFU 0.14 0.00 0.03 10.04 % 0.08/ 0:04-"0 . 0.0200.7
CFD 0.15 -0.01 0:04 0.06 C0.080) 007, 0030

Pbi -l STW 0.02 0.01 10:04 1001 0013 0:00° . -0.00
SUM NR 0.01- -0:03 Q.01 004 0.02" NR:
SCDA 1 70.04 -0:01 0:21 1007 0:02 ‘001 Q.o
SCD2) ¢ 0:03 00375 014 100001 001 0.00 g2 o
MU 0.05 . 0.04 0:18 ‘0.01 001 "NR. - i 0000 0
NMD 0:04,,""0:01 0,35 0.01 0.01: NR 0000
7JU 0:02 -0.01 0.10 0.03 0.01 0:03 0,00
7JD 012 0.00: ¢ 0.61 0:01 0,02 0.05 0,01
CFU: 0.0 -0:03 -0.05 .- 0.01 0.00 0.00 0:00
CFD 0.05. ,.":-0,05 -0.05° - 0,02+ . 0.02 0.03.0:50.0.00,

7] Lo USTW 0.038 ./7:0,035 0018 0.012 0.009 0.013%.: 040,023
50Mm NR' " -520.010 0:010 . 0.007:% 0.018:7: - 0.00447 47 NR
SCD1 0:0117."0.014 0:013 ' 0:008 0:011 0.008;:.1 0,007
sSCD2 100197 0.012 0:012 0008 o011 0007 0.013
NMU 0i045. 0,055, 0.023 . 001 0:020 NRI 000200
“NMD 0.044 .0.033""  0.024" 0011 - “0.020 NR 0,012
7du 0:018 0013 gi025"  0.019% 0.011 008148 50,0135
74D 00015 10,0220 40:032 <y 0020 0120 001070 - 0.018%
CFU..200. /0,008 - 0.006 0.009:, :0.005 0,005 . 0003 0.003
CFDL-10:.008 . 0.0140- 0:010 " /0005 £5'0:006 0.004 0:008'

(All values in mg/L)

Appendix 7: Results from water chemistry analysis of the tributaries,
Central, North and South tributaries, draining the mine site into Swift Creek

Site . Alkalinity EC pH Turbidity
2 (mg/l CaCos) (uS/cmy) (NTU)
Central-1 NR 18.0 ‘ s 623 0.80
Central.2 . NR 12.0 6.21 1500
Central 3 NR 16.5 615 120
Central 4 NR 150 ‘ .5.99 . NR
Central 5 U NR 150 6.03 - NR
Centrali6:: NR I5.5 613 #2.33
North | 242 32.0 597 . 1:1500
North:2 5.18 38.0 6.06 6.20
North 3 0 50.0 _ 4.38 13.50
North 4 0.68 31.0 ' 5.52 6.80:
North 5 0 20.0 5.56 210
North.6 NR 19.5 5.67 2.20
South 2 NR 8.4 5:50 0.44
South-3 NR 9.6 5.34 0.40
South 4 NR 8.2 547 16.00
South-5 NR 8.6 5.34 0:63
South: 6 NR 9.0 ‘ 5.36 6:00




Appendix 8; Macroinvertebrate raw data

Site 740 TJU CFD CFU NMD NMU
Sampling Date 2212/98 22/12/978 23712198 2112198 22112/98 22112198
Replicate 1 2 k] 1 2 3 1 2 3 1 2 3 1 2 3 il 2 3
Acaring 2.4 Q.0 5.0 1.0 a0 1.3{ 1843 773 2000 1200 23250 650.0 7.5 18.8 82 0.0 4.0 4.5
Aeshnidae 0.0 a0 0.0 0.0 00 a0 0.0 0o 0.0 0.0 0.0 Q.0 0.0 0.0 1.0 0.0 0.0 ¢.o
Atnphisopodidas 0.0 0.0 Q.0 0.0 0.0 a0 0.0 0.0 a0 1.0 Q.0 0a 0.0 0.0 0.0 0.0 0.0 0.0
Ancylidae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 181 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0
Anisoplera Ind 0.0 15.8 2.5 0.0 [1X1] 1.3 71 00 20.0 0.0 750 300.0 75.0 8.3 125 0.0 4.0 0.0
Arachnid 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Atyidaa 0.0 Q0 0.0 0.0 0.0 0.0 0.0 0.0 20.0 0.0 a.0 0.0 Q.0 0.0 0.0 0.0 Q.0 Q.0
Baetidae 24 10.5 0.0 20 45 ool s2% 182 180.0f 5000 4750 10500 62.5 58.3 188 4.8 8.0 4.5
Balostomatidas 00 0.0 0.0 0.0 0.0 .o 0.0 0.0 0.0 0.0 .o 00 Q.0 0.0 6o 0.0 Q0 0.0
Gaenidae 71 53 2.5 50 45 1251000 318 4200 2800 3250 700.0] 175.0 31.3 18.8 24 200 273
Calamoceratidae 0.0 0.0 0.0 0.0 00 0.0 a.0 0.0 0.0 0.0 00 a0 0.0 0.0 a.0 0.0 Q.0 0.0
Ceratopogonidas L 24 26.3 0.0 1.0 45 1.3] 429 45 1600 20.0 0.0 0.0 250 3t.s 50.0 1.9 4.0 9.1
Caratopogenidas P 71 53 150 1.0 6.0 1.3 0.0 0.0 0.0 Q.0 0.0 50.0 50.0 250 18.8 2.4 80 545
Chironamidae L 143 1158 225 3.0 118 13.81 207.1 1136 300.0( 380.0 350.0 550.0) 700.0 3063 2188 78.8 480 2182
Chironomidae P 24 10.5 50 3.0 45 2.5 0.0 2.1 40.0 0.0 50.0 100.0) 2500 813 12,5 262 1240 545
Chrysomelidae 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6o
Cladocara 14.3 0.0 2.5 2.0 0.0 1.3] 1428 1091 780,0| £40.0 500.0 12000 5125 256.3 50.0 585 1040 1773
Coenagrionidae 0.0 0.0 0.0 0.0 0.0 00| 1432 45 30 20.0 0.0 0.0 375 0.0 0.0 0.0 Q.0 0.0
Collembola 24 5.1 10.0 2.0 0.0 250 143 4.5 0.0 0.0 0.0 0.0 375 125 no 48 40 0.0
Copepod 4.8 263 Q0 0.0 0.0 1.3 500 182 100.0 180.0 50.0 2500 1125 6.3 50.0 71 8.0 S0.0
Carbiculidae 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 1] 0.0 Q.0 0.0
Gondulidae 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12,5 8.3 0.0 24 0.0 45
Cerixidae 0.0 53 0.0 6.0 0.0 0.0 3357 1136 82001 2000 50.0 13500 0.0 iz 188 0.0 4.0 110}
Culicidae 0.0 0.0 Q.0 Q.0 0.0 0.0 0.0 0.0 0.0 a0 0.0 a.0 12.8 [<X1] 0.0 0.0 0.0 0.0
Culicidas L on 0.0 2.0 0.0 a0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 a0 0.0 Q0
Culicidae P 0.0 6o 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 Q.0 0o 0.0 .0 0.0 0.0 0.0
Decapod In¢ 0.0 04q 0.0 0.0 0.0 oo 0.0 0.0 0.0 Q.0 0.0 0.0 00 0.0 0.0 0.0 00 0.0
Dylistidae A 0.0 10.5 25 0.0 4.5 0.0] t43 a1 200 12000 25.0 100,0 12.5 0.0 0.0 0.0 0.0 0.0
Dytiscidae L 0.0 0.0 1.0 1.0 0.0 00| 288 a1 20.0 0.0 25.0 400,0 12.5 8.3 0.0 0.0 4.0 0.0
Ecnomidag Q.0 0.0 0.0 0.0 0.0 0.0 1.0 45 a.o 0.0 0.0 Q.0 0.0 0.0 0.0 4.8 0.0 4.5
Elmidas A 0.0 0.0 00 1.0 0.0 0.0 Q0 0.0 2.0 0.0 250 50.0 0.0 0.0 Q0 Q.0 0.0 0.0
Elmidae L 0.0 168 5.0 1.0 0.0 1.2 71 9.1 40.0 40.0 250 50.0 0.0 0.0 (1 X0} 0.0 0.0 0.0
Ephemaroptera Ind. 0.0 0.0 0.0 Q0 0.0 Q.0 0.0 0.0 0.0 Q0 0.0 0.0 0.0 0.0 a.0 0.0 0.0 0.0
Gerriday Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 [1X+] 0.0 Q0.0 00 0.0 00
Gomphidae 0.0 10.5 0.0 0.0 10 13 Q.0 0.0 1.0 40.0 0.0 100.0 12.5 10 Q0 1.0 4.0 1.0
Gyrinidae A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.o 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 Q.0
Hydraenidae A 2.4 0.0 a.o0 0.0 0.0 0.0 Q0 0.0 Q.0 0.0 a.n 0.0 0.0 0.0 Q0 0.0 0.0 6o
Hydraenidae |, Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 Q.0 Q.0
Hydrometridas 0.0 0o a0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 a.0 0.0 0.0 0.0 0.0 0.0 0.0
Hydrophitidae A a.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hydrophilidae L 0.0 0.0 0.0 0.0 45 00) 143 0.0 1.0 20,0 50.0 250.0 250 me Q0.0 0.0 0.0 0.0
Hydropsychidag 0.0 0.0 Q.0 00 0.0 0.0 0.0 0.0 0.0 Q0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hydroptilidaes A Q.0 an 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 08 0.0 0.0 0.0 0.0 0.0 0.0 Q.0
Hydroptitidae L 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 50.0 25.0 0.0 8.0 Q.0 0.0 4.5
Hytiroptitidae P 0.0 0.0 0.0 0.0 0.0 Q0 0.0 0.0 0.0 0.0 [1X+) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Isastictidae 3.0 0.0 0.0 0.0 0.0 Q0 0.0 0.0 a0 a0 0.0 0.0 2.0 Q.0 0.0 0.0 0.0 1.0
Leptoceridae L 0.0 0.0 5.0 00 45 3.8 0.0 4.5 0.0 1000 175.0 160.0( 625 18.8 125 24 oo 136
Lepteceridas P 0.0 Q0 Q.0 0.0 1] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.5 0.0 Q.0 Q0 0.0 0.0
Lepiaphlebiidae 169.0 1105 57.5 13.0 182 15.0 0.0 00 0.0 0.0 Q0.0 0.0| 6375 87.% 56.3 405 108.0 1455
Libellulidae 48 0.0 0.0 0.0 0.0 0.0 71 20 60.0 400 1250 350.0 1.0 0.0 00 0.0 0.0 a0
Mesoveliidae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 2.0
Naucoridae 0.0 0.0 0.0 ¢.o 0.0 0.0 n.o 0.0 0.0 0.0 a.n 0.0 0.0 0.0 a.0 Q0 g0 0.0
Namatade 7.1 152.8 7.5 80 77.3 8.8 3000 773 11400 700.0 12000 #00.0 50.0 68,8 3.3 31.0 320 273
Nepidae 0.0 0.0 0.0 0.0 0.0 0.0 71 0.0 o0 Q.0 0.4 0.0 0.0 0.0 0.0 00 Q.0 0.0
Nolerndas A 0o 0.0 0.0 0.0 0.0 0.0 0.0 Q0 0.0 0.0 0.0 0.0 0.0 oo n.0 0.0 0.0 0.0
Notanectidae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0
Oligochaata 548 2318 27.5 230 8318 42.5] 271.4 2833 380.0 8200 22250 3050.0f 3500 2188 2000 929 2880 2218
Oribatidae 11.9 211 2.5 20 [+R!] 0.0f 200.0 1318 12400f 1560.0 1850.0 2250.0 875 7.5 12.% 1.9 4.0 227
Orthotrichia 0.0 0.0 0.0 o0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 oo a0 0.0 0.0 0.0 0.0 0.0
Ostracod 0.0 53 0.0 0.0 0.0 0.0y 214 318 4000 1400  350.0 400.0| 2375 18.8 6.3 19.0 320 682
Palaemonidas 0.0 0.0 0.0 a0 0.0 00| 0.0 00 0.0 0.0 0.9 [4X0] 0.0 a.0 Q.0 0.0 0.0 0.0
Philopatomigae Q0.0 0.0 0.0 0.0 0.0 0.0 [44] 09 0.0 0.0 0.0 6.0 0.0 0.0 Q0.0 0.0 0.0 0.0
Pleitas @0 0.0 2.0 0.0 a0 on 1.0 n.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Polycenirapodidae 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.Q 0.0 0.0 0.0 0.0 0.0 0.0
Protonetiridae oo 0.0 0.0 0o 0.0 0ol oo 45 0.0 0.0 0.0 0.0 0.0 on 0.0 0.0 09 0.0
Pyralidae 24 0.0 n.o Q0 0.0 0.0 Q.0 [£X1] [+X0] 0.0 0.0 0.0 125 0.0 6.3 0.0 0.0 0.0
Pyschodidae 0. 0.0 0.0 0.0 0.0 2.0 a0 0.0 n.o o0 0.0 0.0 0.0 Q0 0.0 0.0 0.0 Q.0
Birtidae 0.0 10.5 1.0 0.0 45 00 0.0 0.0 0.0 0o 0.0 0.0 0.0 00 0.0 24 4.0 0.0
Simuliidae |, 0.6 33 28 oa 9.1 3.8 00 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0. 0.0 0.0 1.0
Simuliitae P 0.0 0.0 [+X0) Q0 6.0 0.0 0.0 0.0 0.0 0.0 ) 0.0 0.0 0.0 Q0 0.0 0.0 0.0
Stapnhylinidae A 00 0.0 0o 0.0 0.0 n.Q an 0.0 0.0 0.0 a0 0.0 o0 [1X4] 0.0 0.0 0.0 0.0
Slaphybnidae L oq 0.0 0.0 10 0.0 a0 0.0 0.0 0.0 9.0 0.0 0.0 1] 0.0 0.0 0.0 0.0 0.0
Sundathalphusidae 2.4 0.0 0.0 0.0 0.0 0.0 n.a 0.0 oo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 to 0.0
Tabamdae 0.0 0.0 0.0 0.0 0.0 0.0 n.a 0.0 na [134] 0.0 0o 20 0.0 0.0 0.0 0.a 0.0
Tanypadinae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.n 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tipulictae 2.4 0.0 25 0.0 00 00y 224 272 20.0 200 0.0 50.0 0.0 00 0.0 0.0 4.0 10
Unidentified a.a [the] 0.0 0.0 0.0 0.0 00 1.0 0.0 0.4 0.0 0.0 75 0.0 0.0 0.0 00 0.0
Veliidae 0.0 0.0 0.0 0.0 o0 Q.0 0.0 0.0 a0 0.0 0.0 1] 0.0 0.0 a0 0.0 0.0 0.0
Zygoptera Ind. 4.8 5.3 2.5 3.0 9.1 0.0 a0 227 0.0 00 Q.0 0.0 375 12,5 0.0 0.0 440 4.5
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S0 spz STW 740 741 CFD CFU

2112198 /1298 21112798 13/1/99 1371199 1471199 1471799
1 2 3 t 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
200 243 182 800 178 125 417 75 33.3 14.3 16.0 28.7 57 11.0 80.0 Q2.3 18.4 25.0 475 2000 1333
4.0 0.0 oo 0.0 0.0 00 oo 0.0 0.0 0.0 0.0 0.0 0o 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 Q0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q0 0.0 0.0 0.0 0.0 00 0.0 0.0 o 00 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 a0 00 0.0 0.0 0.0 0.0 n.o 0.0 0.9 0.0 0.0 0.0 0.0 00 0.0
on 0.0 4.5 oo 0.0 8.2 3.3 6.3 2335 0.0 4.0 13.3 0.0 0.0 6.7 0.0 0.0 0.0 0.0 0.0 333
0.0 0.0 0.0 0.0 0.0 Q2.0 0.0 0.0 8,7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 00 0.0 0.0 t0 0.0 0.0 [+X¢] oo 0.0 0.0 0.0 0.0 0.0 15.4 0.0 0.0 0.0 0.0 0.0
00 0.0 00| 210.0 000 212.5) 333 43.8 40.0 214 96.0 333 200 15.0 20.0 38.5 10.0 20.0 2250  150.¢ 3000
a.0 oo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0
o0 0.0 0.0 110.0 647 87.5 0.0 50.0 33 64.3 68.0 ea7 t2z9 1120 32001 2789 8.7 240.0 2250 16000 10333
.0 0.0 0.0 0.0 4.0 00 0.0 0.0 0.0 0.0 a0 0.0 0o 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 2.7 0| zo00 0.0 8.3 168.7 8.8 10.0 a.0 16.0 13.3 57 4.0 13.3 0.0 1.7 0.0 125 0.0 0.0
1100 865 27.3| t0.0 0.0 0.0 8.3 18.8 186.7 0.0 040 a.0 0.0 n.o 0.0 0.0 1.7 0.0 Q.0 0.0 a0
60.0 432 22.7] 160.0 35.3 56.31 1917 15.0 868.7 1643 80.0 126.7 429 7.0 12004 176.9 53.3 §0.0 1125 5300 533.3
20 27 a1 100 11.4 375 0.0 0.0 0.0 28.6 30 133 57 4.0 /.7 77 0.0 n.o 0.0 50.0 0.0
4.0 0.0 an o0 0.0 0.0 a0 a0 0.0 0.0 00 00 6.0 0.0 0.0 0.0 0.0 o 00 .0 0.0
2700 948 182 500 94 162G 2667 313 30.0 278,68 40.0 1067 88 Q.0 33.3 231 33 0.0 2000 950.0 5000
0.0 27 0.0 0.0 1.3 10 0.0 0.0 0.0 71 0.0 a.0 1.0 0.0 1.0 15.4 1.7 a.0 12.5 50.0 0.0
100 135 227 a0 54 0.0 83 18.8 33 0.0 0.0 0.0 0.0 a0 a0 0.0 0.0 50 0.0 0o 0.0
30.0 0.0 451 200 3412 50.0( 1500 315 6.7 71 0.0 0.0 0.0 0.0 0.0 77 0.0 0.0 1250 0.0 0.0
Lo 0.0 0.0 0.0 0.0 u.o a0 0.0 0.0 0.0 oo 0.0 a.o 0.0 0.0 00 00 a0 0.0 0.0 0.0
0.0 ad .0 0.0 0.0 t.0 0.0 0.0 a.0 Qo 0.0 0.0 657 2.0 8.7 0.0 0.0 0.0 0.0 a.0 333
0.0 27 128 0.0 0.0 0.0 8.3 250 133 7.1 oo 0.0 0.0 10.0 87| 3308 787 2050 200.0 50.0  300.0
0.0 an 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0o 0.0 0.0 0.0 a.0 0.0 0.0 a.0 0.0 a.0
0.0 0.0 0.0 0.0 0.0 0.0 0a 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 a0 Qa0 ao 00 0o
0.0 0.q 0.0 a.0 a.0 090 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 Q.0 0.0 a0
0.0 0.0 0.0 00 0.0 0.0 a.0 0.0 0.0 0.0 0.0 a.0 aQ 0.0 0.0 0.0 a.0 a.0 a0 0.0 0.0
0o 108 182 0.0 0.0 6.2 0.0 Q.0 33 21.4 0.0 Qa0 29 1.0 a0 0o 17 0.0 0.0 0.0 333
10.0 27 45] 200 1.8 12,5 8.3 12.5 8.7 7.1 49 6.7 .0 3.0 67 48.2 133 55.0 125.0 200.0 1333
a.0 0.0 0.0 a.0 0.0 0.0 0.0 0.0 oo ao 0.0 a.0 0.0 a.0 0.0 0.0 0.0 0.0 00 Q0 0.0
ao 0.0 0.0 a0 a0 0.0 0.0 a0 00 n.o 4.0 0.0 57 1.0 a0 77 1.7 15.0 12.5 0.0 323
110.0 27 136} 300.0 17.6 12.5 0.0 00 0.0 7.1 240 13.3 171 10.0 800 78.9 10.0 0.0 625 1000 66.7
0.0 0.0 0.0 0.0 an 0.0 0.0 0.0 0.0 0.0 0.0 8.7 0.0 0.0 a.0 a.0 0.0 0.0 090 0.0 00
0.0 a.0 0.0 00 0.0 0.0 0.0 aq 0.0 00 ao Qo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 2.7 0.0 0.0 176 6.3 n.o 0.0 0.0 0.0 0.0 8.7 57 0.0 60.0 aa 1.7 1.0 12.5 50.0 0.0
0.0 a0 a0 a0 0.0 [1X0] 0.0 00 0.0 0.0 0.0 0.0 o 0.0 0o Qa0 a0 a0 0.0 0.0 0.0
0.0 a0 0n 00 0.0 0.0 82 6.0 3.3 00 0.0 0.0 a.0 a0 o a.0 0.0 0.0 0.0 a0 0.0
0.0 0.0 0.0 0.0 00 a.0 00 0.0 0.0 an 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.0 00 0.0 0.0
a.0 [+X1} 0.0 0.0 oo oo 0.0 0.0 0.0 o 0.0 ao 08 0.0 0.0 00 0.0 0.0 00 0o 0.0
an 5.4 138 00 0.0 0.0 0.0 18.8 0.0 0.0 a.0 0.0 00 0.0 00 0.0 [+X0] 0.0 12.5 0.0 0.0
20,0 0.0 4.5 10.0 0.0 0.0 18.7 8.2 6.7 0.0 0.0 0o 1o a.0 8,7 17 0.0 15.0 500 100.0 2000
0.0 00 0.0 0.0 0.0 a.0 .0 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00 00 0.0
0.0 0.0 0.0 0.0 0.0 [1X4) 0.0 0.0 0.0 14.3 0.0 0.0 0.0 o 0.0 oo a0 0.0 0.0 0.0 0.0
0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0 00 0.0 00 1.0 &7 0.0 0.0 5.0 Q0 woo 23,3
0.0 00 0.0 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 0o 0.0 0.0 0.0 0.0 a0 0.0 00 Q0
0.0 a0 0.0 0.0 11.8 (%] a0 0.0 0.0 71 1.0 0.0 0.0 a0 0.0 1.0 a0 50 0.0 0.0 0.0
0.0 0.0 45| 700 a4 12.5 8.3 5.3 0.0 0.0 8.0 0.0 286 8.0 1333 46 1 8.7 50.0 3748 150.0 166.7
0.0 0.0 0.0 a0 a.0 a.0 0.0 n.o 0.0 0.0 00 0.0 00 a0 0.0 a0 0.0 00 0.0 50.0 ao
50.0 405 909 1200 3588 2813 0.0 0.0 0.0 14.2 Bd 0 1267 371 2.0 133 0.0 a0 0.0 0.0 00 0.0
00 a0 0.0 0.0 t.0 aa 0o a.0 a0 qan 0.0 00 0.0 0o 6.7 154 0.0 1.0 2.0 2.0 1.0
[131) 0.0 t.n 0.0 0o 00| 1687 00 0.0 [tR¢) 00 0.0 00 a.0 0.0 0.0 0.0 0.0 a0 0.0 a0
0.0 0.0 a.0 a.0 0.n 0.0 a.0 0.0 0.0 0.0 0.0 00 an 0.0 0.0 0.0 0.0 0.0 a0 0.0 0.0
80.0 a.0 5.5 0.0 0.0 0.0/ 200 938 40.0 100.0 12.0 53.3) 1000 3.0 2087 4154 1433 3400 500.0 1550.0 966.7
0.0 a.0 0.0 a.0 0.0 0.0 0.0 0.0 0.0 0a o 0.0 0.0 0o 0.0 0.0 o 0.0 0.0 a.0 0.0
0.0 Q.0 1o 00 0.0 0.0 0.0 0.0 0o 0a 0.0 0.0 on 0.0 0.0 a0 n.o 0.0 0.0 0.0 0.0
0.0 (124} 9.1 0.0 0.0 0g 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1880.0 2622 131.8] 2400 1000 187.5/1950.0 66B.8 76,7 2571 1640 2487 91.4 4.0 180.0) 3537 3.3 105.0( 11500 800.0 9000
60.0 0.0 4.5 40.0 0.0 G8.8] 417 8.8 33 1071 40.0 66.7 14.3 70 333} 2308 367 95.0 400.0 11450.0 3200.0
0.0 a.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0o 0.0 a0 0.0 0. 0.0 a.0 n.g Q.0 00 a0 a.0
0.0 0.0 45 10,0 0.0 1.0 0.0 0.0 0.0 64.3 400 333 0.0 0.0 13.3 231 0.0 00 1000 6000 83332
0.0 Q.0 0.0 0.0 1.0 1.0 0.0 0.0 10 0.0 0.0 0.0 on 0.0 0.0 120} 0.0 1.0 12.8 1.0 0.0
0.0 0.0 0.0 0.0 0.0 04 0.0 0.0 2.0 0n.o 0.0 00 00 0.0 0.0 0.0 0.0 00 0.0 0.0 a.0
no 04 0.0 0.0 0.0 oa a0 0no un &0 0o 0.0 18] Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 on 0.0 0.0 .0 a.0 0.0 00 oo 0o a0 0.0 00 Q0 0.0 0.0 50 0.0 0.0 a.0
10.0 27 0.0 0.0 5.0 3.3 .0 [+X0] 0.0 a0 [1X1] 0.0 a.0 00 0.0 0.0 7 0o 0.0 a0 0.0
0.0 2.7 4.5 0.0 o0 0.0 2.3 0.0 22 71 0.0 0.0 .0 0.0 8.7 1.0 0¢ 1.0 0.0 00 3.2
0.0 0.0 0.0 no 0.0 0.0 0.0 0o 0.0 0n no 0.0 0o 0.0 Q.0 0.0 0o 20 0.0 no an
10.0 108 10 10.0 0.0 25.0 aa 0.0 0.0 ao 0.0 00 0.0 00 [+1Y] 0.0 a0 a0 0.0 0o 0.0
0040 a2z a0l 7700 25.2 3.8 0o 0y 0.0 kS b+ 13.2 88 ) 00 0.0 an 0.0 12,5 oG 0.0
0.0 0o 0.0 100 0.0 o 0.0 0.0 0.0 0.4 n.0 0.0 [41Y] 1.0 .0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 27 4.5 n.o [Nl 0.4 23 0.0 aa nn 00 00 e 0.0 0.0 0o 0.0 0.0 0u 0.0 0.0
a0 0o o uo on 0.0 o0 1o oa 0.0 0.0 na 0e 0.0 0.0 °0 0.0 0.0 0. 0.0 0.0
an 0.0 2.0 0.0 0.4} 0.0 0.0 0.0 0.0 1.0 20 10 n.o 0.0 00 2.0 0.0 an 0.0 0.0 0.0
0.0 00 00 0.4 0.0 0.0 a3 0.0 67 0.0 no 0.0 on 0o () 0.0 0.0 0.n 0.0 {484} 0.0
0.0 227 00 0.0 0.0 0.0 0.0 0.0 o0 an a0 a0 0.0 0.0 0.0 0.0 0.0 0.a 0.0 0.0 a.0
00 2.7 9.1 200 17.6 0.0 25.0 37.5 0.0 0.0 0.0 00 0.0 0.0 '] 0.0 1.7 00 0.0 a.0 333
mnon 0 4.5 1.0 no n.n 00 0.0 0.0 0.9 120 0.0 0.6 0.0 0.0 .0 0.4 5.0 a0 an 0.0
0.0 0.0 0.0 0.0 on n.o 0.0 00 [4300] 0.0 0.0 0.0 0.0 0.0 0o 0.0 0o o0 0.0 a0 Q.0
a.0 2.7 13.6 0y uu 6.3 0.0 0o 0.0 141 40 (114 2 0.0 0.6 .0 0.0 an 0.0 0.0 0o
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NMD NMU 501 5D2 5UM STW 74D

131799 13/1/99 1211799 1211799 1211799 121198 3/2/99
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
8.3 18.7 0o 0.0 0.0 5.0 6.7 250 250 9.7 27 8.1 4.2 1.4 24 79 5.3 1.8 a8 0.0 154
0.0 [\29) 0.0 0.0 0.0 00 00 00 0.0 0o 00 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 8.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o0 0.0 oo 00 0.0 a0 0.0
0.0 0.0 0.0 0.0 0.0 5.0 0.0 00 0.0 0.0 an 0.0 0.0 0.0 00 Q.0 0.0 0.0 00 00 0.0
2.8 3¢} 0.0 0.0 0.0 0.0 00 0.0 0.0 0o 0.0 27 0.0 0.0 o0 [1X+) 00 0.0 00 0.0 0.0
00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0 0.0 0.0 1.0 00 [+X+] 0o
0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.n a0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 2.0 a0 0.0 154
125.0 967 26.3) 501 548 30.0| 100.0 600 333 8.9 1074 757 13.7 171 714 13.2 6.8 84.2 32.7 250 1682
0.0 ] 0.0 Q.0 0.0 0.4 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.0 2200 92.5| 1227 64.5 80.0| 113.3 2450 1417 988 2481 1378 15.8 4.2 452 15.8 216 1000 846 1250 507.7
0.0 0.0 0.0 0.0 0.0 0.0 0.0 an 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 a0 0.0 0.0
28 87 1.3} 138 0.0 5.0 17 50 0.0 1.4 a7 0.0 5.3 43 0.0 7.9 53 5.3 5.8 0.0 77
0.0 a2 0.0 45 o0 5.0 0.0 10.0 0.0 0.0 2.0 0.0 1.1 0.0 0.0 7.9 15.8 15.8 0.0 1.7 9.0
111 70.0 Z20.0{ t18.2 80.8 950 3.3 250 1000 §3 M4 2186 18.9 324 238 289 526 1737 423 450 146.2
5.6 13.3 2.5 4.5 128 100 1.7 15.0 8.3 5.6 37 81 74 1.4 4.8 10.5 15.8 21 1.9 a3 15.4
0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 00
0.0 0.0 00| taz 484 100 0.0 0.0 333 0.0 A7 27 1.1 0.0 o0 0.0 0.0 0.0 3.8 Q.0 30.8
0.0 [t1V) 0.0 0.0 2.2 0.0 .0 00 090 0.0 3.7 0.0 42 0.0 0.0 0.0 0.0 a0 1.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0 0.0 0. 0.0 0.0 0.0 0.0 0.0 Tt 0.0 0.0 5.3 53 53 0.0 1.7 77
0.0 0.0 0.0 0.0 0.0 5.0 0.0 0.0 0o a0 a0 27 0o 0.0 o0 2.6 0.0 211 19 00 7.7
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 a0 0.0
2.8 0.0 0.0 [RH 7 oda oo a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 1.0 0.0 33 77
0.0 0.0 1.2 on 0.0 [tA1] 15.0 50 0.0 0.0 7.4 0.0 [} 0.0 00 26 5.3 0.0 2.8 100 15.4
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 n.o 0.0 00 0o 0.0 0.0 g.o 0.0 a.0 0.0 0.0 0.a
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 an a0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 .o 0.0 o0 0.0
0.0 Q.0 0.0 0.0 0.0 0o 0.0 0o 00 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 0.0 [Ks} 0.0
0.0 0.0 0.0 0.0 0n.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0.0 ao 0.0 0.0 0.0 3.3 a0 0.0 a0 o0 0.0 0.0 0.0 an 0.0 0.0 5.3 0o 0.0 0.0
2,8 0.0 1.3 1.0 0.0 0.0 8.3 50 00 o0 37 2.7 21 14 0.0 2.6 53 0.0 58 1.7 7.7
0.0 0.0 0.0 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 0o 00 v 0.0 00 0.0 0.0 0.0 23 0.0
0.8 0.0 a0 0.0 c.o oo 0.0 0.0 0o 0.0 a0 0.0 0.0 1.4 0.0 0.0 0.0 0.0 0.0 33 0.0
2.8 0.0 0.0 0.0 a0 a0 323 00 187 31.9 185 a1 147 371 738 a0 0.0 0.0 5.8 83 30.8
0.0 0.0 6.0 a0 0.0 00 0.0 0.0 0.0 0.0 0o 0.0 0.0 0.0 0.0 a0 (V) 0.0 0.0 0.0 0.0
0.0 0.0 .0 0.0 0.0 0.0 0.0 0.0 a0 00 0.0 0.0 0.0 a0 a0 0.0 0.0 0.0 .0 0.0 0.0
0.0 0.0 0.0 0.0 3z 0.0 33 00 00 1.4 1.4 2.7 11 0.0 0.0 0.0 Q.0 Q.0 0.0 5.0 t.0
0.0 6.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 oa 0.0 0.0 a0 a0 0o 0.0 0.0 0.0 0.0
0.0 0.0 0.0 [1X0] 0.0 0.0 0.0 .0 a0 Q.0 0.0 0.0 0.0 .0 0.0 0.0 a0 [1X1] 0.0 a0 6.0
0.0 0.0 n.o 0.0 3.2 oa 0.0 0.0 0.0 0.0 a0 on 0.0 0.0 0.0 0.0 n.o 0.0 0.0 a0 0.0
0.0 a0 0.0 0.0 a0 oo a0 0.0 0.0 0.0 0.0 a.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 a.0
.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0 0.0 0.0 a0 [1X1] a0 53 0.0 00 a0 0.0 0.0
8.3 n.o 0.0 4.5 12 0.0 0.0 Q.0 8.3 0.0 74 27 o0 a0 4.8 10.5 53 53 5.8 oo 231
1.1 10.0 25 a0 0.0 a0 0.0 0.0 0.0 0.0 a0 on 0.0 a.0 0.0 0.0 a0 0.0 .0 a.0 0.0
0.0 0o 0.0 0.0 0.0 09 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 00 0.0 00 .0 0.0
8.3 8.7 0.0 0.0 6.5 5.0 1.7 .0 0.0 0.0 0.0 0.0 0.0 o0 o0 7.9 5.3 2141 238 "7 7.7
a.0 00 0.0 0.0 0.0 0.0 0.0 0.0 a0 a0 0.0 00 0.0 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 to 0.0 o ad 10.0 1.0 00 0.0 a0 7.4 5.0 42 43 0.0 0.0 a0 0.0 0.0 0.0 1.0
250 8.7 (8.8] 68.2 774 350f 287 250 813 15.3 148 189 2.2 10.0 18.7] 421 42.1 526(1176.9 20,0 1000
8.3 0.0 0.0 a.0 0.0 aa 0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6 .0 0.0 0.0 Q.0 0.0
2.8 3.3 7.5/ 27.3 32 450p 333 1000 58.3 208 741 514 737 0.0 95.2 2.6 0.0 83 0.0 o 0.0
0.0 0.0 0.0 t0 0.0 0.0 0.0 0.0 00 a.0 00 00 11 09 0.0 0.0 0.0 53 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8 0.0 a.a 0.0 0.0 0.0
0.0 0.0 a0 aa Qo 0.0 1.7 0.0 0.0 oa 0.0 a.0 0.0 a0 a0 0.0 53 an 0o 0.0 0.0
194 233 3.8 682 323 800l N7 110.0 1250 17 852 3z 0.0 0.0 214 50.0 115.8 4.7 173 217 848
0.0 a.0 oo 0.0 0.0 0.0 0.0 00 0.0 op 0.0 1.0 a0 0.0 0.0 a0 a.0 o 0.0 0.0 a.0
a0 0 o.u 0.0 0.0 a0 0.0 ) 0.0 0.0 0.0 Q.0 0.0 2.0 on 0.0 0.0 a.0 a.0 0.0 0.0
0.0 0.0 0.0 0.0 00 0.4 0.0 0.0 0.0 0o 0.0 0.0 0.0 0.0 00 0.0 0.0 a0 0.0 0.0 [1X1)
100.0 587  33.8] 2682 1581 2250 18.7 850 M7 56.49 2222 838 295 3.4 140.5] 384.2 8000 2358 50.0 26.7 2462
5.6 87 380 182 129 200 0.0 0.0 583 12.5 74 885 t 0.0 0.0 211 8.9 211 7.7 123 8486
0.0 [43V) 0.0 00 0.0 oo o0 0.0 0.0 9.0 0.0 0.0 [1X4} 0.0 [141] 0.4 0.0 0.0 a.0 0.0 0.0
134 0.0 0.0 4.5 65 350 00 540 8.3 0.0 74 0.0 0.0 0.0 0.0 42 6.8 0.0 19 0.0 1.7
an Q.0 0a 0.0 a0 0.0 an 2.0 0.0 0.0 00 1.0 0.0 ao a0 (RY] 00 53 oo a.0 a.0
iR} @0 0.0 a.0 1Y) uy a4 0.0 0.0 0.0 0.0 0.0 9.0 a0 a.0 0.0 0.0 00 an a.0 a0
o0 0.0 0.0 0.0 00 00 an 0.0 a0 0.0 o a0 an (134 0.0 a0 an an 0.0 0.0 0.0
0.0 0.0 0.0 a0 0.0 Q.0 0.0 0.4 0o o0 a0 0.0 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 090
0.0 0.0 0.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0 3.7 a1 1 ' 0.0 0.0 oa 0D 0.0 0.0 0.0 0.0
2.8 0.0 Q0 0.0 0.0 0.0 0.0 50 0.0 0.0 a7 0.0 0.0 a0 0.0 28 0.0 0.0 0.0 1.7 77
0.0 0.0 oo 0.0 0.0 0.0 0.0 ao 0.0 0.0 0.0 0.0 0.0 0a no 0.0 00 1] 0.0 0.0 0o
a0 0.0 0.0 0.0 0.0 0.0 to 5.0 0.0 a0 a0 0.0 aa 0.0 2.4 0.0 a.0 10.5 on 0.0 0.0
278 30,0 475 727 254 500 1.0 n.o on 1.4 17 287 [ 1.4 0.0 2 5.3 0.8 a.0 1.7 17
0.0 23 oo 0.0 0.0 0.0 0.0 0.0 0.0 n.0 1.0 Q.0 0.0 0.0 a0 0.0 0.0 0.0 a0 Q.0 6o
9.0 0.0 0.0 0.0 0.0 04 o 0.0 83 0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0o
[thH] 0.0 0.0 na 00 [1X4) 0.0 aa oa nao 0.0 a.0 on 0.0 0.0 2 0.0 a.0 0.0 0.0 0.0
0.0 1.0 nn .0 0.0 5.0 0.0 00 0o 0.0 0.0 a0 2.0 0.0 a0 o4 0.0 a0 0.0 0.0 0.0
0.0 00 13 435 00 100 0.0 0.0 0.0 a.0 on 0.0 a0 o0 a0 00 na 0o 0.0 0.0 ao
0.0 0.0 53] (s31] 0.0 0.0 o0 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.n
1.0 no 0.0 0.0 0.0 0.0 n.o 0.0 3.3 ta 7.4 2.7 2.1 43 3.0 0.0 5.3 0.0 a0 .0 0.0
0.0 0a an 0.0 0.0 a0 1N 0.0 n.o 0.0 0.0 27 no 0.0 0.0 0.0 n.a 0.0 a0 [130] 0.0
0.0 0.0 0o 0.0 an 0.0 0.0 0.0 a0 0.0 0.0 oa 0o .0 0.0 (424} 0.0 0.0 0.9 0.0 0.0
.41 3.3 0.0 0o i5 a9.0 0.0 10,0 0 5.6 11 2 a.0 00 0.0 0.0 a0 o0 3.8 2.3 154
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740 GFD CFL NMD NMU 301 502
3/2/98 4/2199 42/99 3/2/99 32198 2/2/99 2/2/99

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
18.6 6.0 g1 55.0 45 364 50.0 2800 1750 23 2.0 3.2 150 48.0 54.0 6.0 18.0 2.4 8.0 20 00
0.0 0.0 0.0 on a.0 0.0 0.0 00 o 0.0 0.0 0.0 0.0 0.0 0.0 on a0 a0 0.0 @0 00
on 0.0 0q 0.0 0.0 0.0 00 0.6 0.0 00 0.0 0.0 0o a0 0.0 0.0 0.0 0 0.0 08 00
0.0 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 o0 0.0 0.0 0.0 4.0 o0 a0 0.0 0.0 0.0 80 oo
0.0 1.9 0.0 0.0 0.0 n.¢ 0.0 .0 0o 0.0 0.0 .0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
0.0 0.0 0.0 0.0 .0 0.0 a.0 0.0 o0 0.0 0.0 Q.0 a.0 0.0 0.0 00 0.0 0.0 Q0 00 040
0.0 1o 0.0 0.0 0.0 0o ao 0.0 0.0 [1X1] 0.0 1.6 1.3 4.0 4.0 0.0 0.0 0.0 0.0 00 00
220 15.0 45.5[ 470.0 3009 300.0{ 625.0 8000 2250 47.7 11.0 59.7 13.8 G2.0 48.0 78.0 380 104.8 23,0 28.0 188.9
0.0 00 0.0 0.0 0.0 0.0 0o 0.0 a0 0.0 0o 0.0 o0 0.0 0.0 a0 0.0 0.0 0.0 00 00
949 79.0 645 280.0 2182 236.4| 28000 12600 1525.0 G1.4 320 895.5 78.8 184.0 94.0 76.0 132.0 142.9 240 80 2222
0.0 0.0 0.0 0.0 Q.0 (134 an 0.0 0.0 a0 0 0o 0.0 n.o0 o0 0.0 00 0.0 0.0 0o 00
17 0.0 2.7 50 45 0 n.0 00 an 0.0 20 3.2 1.3 1.0 6.0 4.0 0.0 2.4 00 0.0 0.0
0.0 0.0 aa Q.0 0.0 0.0 0.0 0.0 0.0 2.2 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 00 00
13.6 8.0 25.8 15.0 138 27.3 75.0 2400 200.0 43,2 28.0 35.5 413 44.0 32.0 anoe 18.0 1867 40.0 20 370
2.4 0.0 0.0 10.0 1o 273 0.0 0.0 250 2.3 9.0 186 5.0 8o 0.0 20 8.0 2.4 4.0 1.0 7.4
a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 u.o 0.0 0.0 0.0 00 0.0 0.0 00 00 00
1.7 1.0 4.8 0.0 13.6 4.5 00 0.0 25.0 00 0.0 1.6 0.0 40 4.0 0.0 00 00 30 00 00
0.0 0.0 0.0 0.0 2.0 1.0 25.0 0.0 0.0 2.3 0.0 00 25 0.0 0.0 20 0.0 0.0 ¢o e 0o

0.0 0.0 0.0 0a a0 0.0 [+29) 0.0 o0 00 0.0 0.0 0.0 00 2.0 0.0 20 0.0 0.0 0.0 3
0.0 0.0 0.0 0.0 4.5 0o 0.0 0.0 0.0 0.0 oq 0.0 0.0 0.0 20 0.0 0.0 0.0 0.0 00 00
0.0 0.0 0.0 0.0 0.0 a0 0.0 0.0 0.0 a0 6o 00 0.0 0o 0.0 0.0 0.0 o0 0.0 oe 0o
1.0 00 0.0 0.0 a0 0.0 0.0 a.0 0.0 0.0 10 0.0 12 0.0 0.0 0.0 0.0 0o a0 00 00
10.2 19.0 1.6; 100.0 409  36.4| 2500 60.0 500 0.0 0.0 a0 2.5 0.0 2.0 8.0 16.0 0.0 18.0 00 37
0.0 00 0.0 0o 0.0 0.0 Q.0 2.0 0.0 oo 0o 0.0 0.0 0.0 0.0 0.0 0.0 0o 0.0 00 00
0.0 0o 0.0 a0 0.0 o.u 0.0 0.0 00 0.0 0.0 a0 0.0 0.0 a0 0.0 oo 0.0 0.0 00 o0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 o0 0.0 0.0 0.0 0.0 0o 00 0.0
0.0 0.0 0.0 0.0 00 182 a0 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 00
0.0 (L0 1.8 5.0 45 2.1 25.0 60.0 50 2.3 0.0 00 0.0 0.0 o0 0.0 0.0 o0 0.0 00 00
1.0 0.0 00 10.0 13.6 2.1 100.0 600 50.0 0.0 10 1.6 1.3 1.0 2.0 2.0 4.0 2.4 0.0 0.0 3.7
0.0 0.0 0.0 Q.0 4.5 0.0 an 0.0 0.0 a0 00 1.8 0.0 a0 2.0 0.0 0.0 00 0.0 00 00
17 0.0 1.0 0.0 27.3 4.5 Q0.0 40.0 00 0.0 oo 00 0.0 0.0 0.0 00 2.0 4.3 0Q 10 37
50.8 69.0 132.9| 400 4.5 0o 150.0 60.0 1000 0.0 0.0 0.0 0.0 0.0 0.0 a0 18.0 16,7 10.0 20 296
0.0 0.0 0.0 .0 0.0 0.0 oo Q.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 09 0.0 0.0 00 oo
0.0 0o a0 0.0 00 0.0 0.0 00 0o 0o 0.0 0.0 0.0 0.0 0.0 00 0o 0.0 0.0 0.0 00
0.0 2.0 168 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 40 0.0 0.0 00 o0
0.0 0.0 0.0 0o a0 0.0 0.0 0.0 Q0 0.0 0.0 Q.0 0.0 0.0 .0 0.0 0.0 o0 0.0 00 0.0
0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o0 0.0 00 00 o0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 00 090
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 no 0.0 00 o 0.0 0.0 0.0 0.0 0.0 00 a.0 oo Qo
an 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 [1XV] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0g 00
14 5.0 1.6 5.0 0.0 09 250 20.0 25.0 23 0.0 1.6 25 a0 2.0 0.0 4.0 0.0 1.0 0.0 3.7
0o 0.0 0.0 0.0 0.0 0.0 a0 0.0 0.0 t.0 1.0 0.0 0.0 a0 0.0 0.0 no 0.0 0.0 00 0.0
0.0 0.0 ¢.0 0o 00 0o 0.0 0.0 0.0 00 0.0 00 0.0 0.0 00 a0 0.0 0.0 Q.0 0g oo
1.7 1.0 a0 5.0 45 4.5 50.0 20.0 o0 2.0 0.0 0.0 0.0 0.0 an 0o 0.0 00 .o 00 09
0.0 0.0 0.0 00 a0 0.0 0.0 0.0 00 0.0 0.0 0.0 [+}1] 0.0 0.0 0.0 00 0.0 0.0 00 00
0.0 0.0 10 1.a nag 0.0 a0 0.0 [tHY) 0.0 0.4 1.0 00 0.0 00 0.0 0.0 0.0 20 o0 oo
6.8 19.0 @47 5.0 0.0 4.5 150.0 60.0 25.0 25.0 12.0 258 40,0 6.0 50.0 &68.0 4.0 59.5 1.0 1.0 370
0.0 0.4 040 0.0 0.0 n.o 0.0 a.0 a0 0.0 a0 0.0 0.0 0.0 0.0 0.0 00 0.0 1.0 0.0 37
1.7 0.0 1.6 0.0 0.0 0.0 a0 a0 00 250 6.0 4.8 0.0 0.0 0.0 180 4.0 288 a0 0.0 258
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 3.0 0o 0.0 09 8.0 0.0 00 0.0 0.0 0.0 a0 1.0
0.0 0.0 0.0 0.0 0.0 0.0 25.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 a0 0.0 00 00
00 0.0 a0 0.0 1.0 a0 0Q 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00
271 8.0 17.7} 350 190,94 3099 30.0 98.0 18350 18.2 10.0 a1 50 28.0 6.0 28.0 4.8 28,1 36 00 259
a0 0.0 on a0 0.0 o 00 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 aa 0.0 0.0 0.0 0.0
a0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 .0 0.0 00 00
0.0 0.0 0.0 0.0 0.0 090 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00 a0
39.0 20 50.0{ 190.0 108.0 18161 9250 920.0 17000 R8.2 31.0 206 513 72.0 28.0 66.0 16.0 210 48.0 32.0 1407
1.9 8.0 9.7 5.0 145 S0.0F 3500 740.0 12250 6.8 2.0 16 0.0 20.0 a.0 14.0 4.0 4.8 5.0 6.0 407
0.0 3.0 0.0 .0 0.0 0.0 0.0 T3] 09 0.0 on [1X0) 1.2 0.0 o 0.0 0.0 Q.0 0.0 00 00
0.0 Q.0 48 50 N 0.0 250 20,0 150.0 4.5 0.0 (-] 13 120 0o 4.0 60 0.0 20 a0 7.4
0.0 n.o a0 5.0 435 182 20 40.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 00 00
on 0.0 0.0 0.0 2.0 0.0 0o 0.0 0.0 Q0 0.0 0.0 0.0 0.0 0.0 0.0 o 00 0.0 00 00
[13¢] 0o 0.0 0.0 2.0 0o 0o 0.0 ou a0 00 0.Q 0.0 c.0 Ga w0 [YRH) iy 0.0 00 00
[iX0] 0o 0g 0.0 0.0 aa Qo 0.0 0.0 on 0o 0.0 00 0.0 a0 a0 0.0 0.0 Q.0 ¢0 00
0.0 0.0 0.0 a.0 0.0 0.0 0.0 (T3] 0.4 2.0 00 0.0 0.0 oo 0.0 2.0 0.0 Q.0 0o oo oo
1.7 0.0 1AV 5.0 Al 4.5 00 40.0 oo 0.0 0.0 16 a8 ) 4.0 n.n 0.0 0.0 1.0 00 00
o0 0n 0.0 00 00 0.0 0.0 aa 0.0 0.0 [ 0.0 0.0 na 0.0 0o 0n on 0.0 00 00
a0 0.0 0.0 0.0 1.0 0o o0 0o 0.0 00 0.0 0.0 00 0.0 0.0 0.0 no 0.0 oQ ng 0o
T a0 0.0 00 2.0 0o 2.0 2.0 0Q 68,2 10.0 5.1 1.3 20.0 2.0 0.0 a.n ['Ri] 0o 3.0 74
0.0 ny 1.0 n.o 0.0 00 n.o a0 0.0 2.3 20 3.2 0.0 an 20 0.0 0.0 24 oo 0e 00
0.0 0.0 0.0 0o 2.0 0.0 0o an 0.0 0.0 n.n 0.0 0o 0.0 0.0 0.0 0n 0.0 0.0 0.0 0.0
0.0 0.0 0.0 540 00 0.0 uo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 00 00 00
00 0.0 0.0 0.0 0.0 0.0 ao n.o 0.0 a.0 0.0 oo 0n n.0 0.0 a0 0.0 0n 0.0 60 0o
[1X¢] o a0 0on nn na a0 no an an 2.0 2.0 0.0 0.0 a.o Q.0 c.0 a.0 0.0 a0 00
0.0 0.0 an 0.0 0.0 oo a0 0.0 n.o 0.0 0.0 00 0.0 00 a0 0.0 0.0 1.0 0.0 an 00
0.0 on a0 5.0 1o 0.0 0.0 3 %) 0.0 1o UR) 0.0 10 2.0 B.0 08 2.4 20 10 00
Q.0 (N3] 0.0 0.0 0o 0.0 0.0 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 a0 0.0 0.0 0.0 00 a7
0.0 0.0 0.0 00 0.0 0.0 a0 0 n.0 0.0 0.0 oo 0.0 0.0 0.0 0.0 0n 0.0 0.0 Do no
17 2.0 na 0.0 4.6 45 o.n 0.0 on A8 ao 16 0.0 o0 4.0 0.0 20 2.4 0.0 0.0 37
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sUM 3TW 7JD U GFD CFL NMD
2/2/99 2/2/98 23/2139 L 329 24/2/99 2472199 23/2/99

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
20 &0 140 1.0 2.0 00 533 16.7 61.9 16.2 28 3.8 6.1 00 00 2.5 260.0 2250] 273 324 28
0.0 0.0 0.0 0.0 Q0.0 00 0.0 0.0 Q0.0 00 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 o0
oo 20 0.0 0.0 0.0 0.0 Q0 0.0 00 0.0 0.0 0.0 0.0 .0 a0 0.0 0.0 0.0 0.0 0.0 0.0
Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0o a0 0.0 0.0 00 0.0 0.0 a0 0.0 a.o 4.5 0.0 0.0
0.0 0.0 0.0 0.0 G.0 2.0 87 0.0 00 on 0.0 0.0 2.4 0.0 0.0 0.0 20,0 2.0 0.0 0.0 00
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0o o0 0.0 a0 0.0 0.0 115} 0.0
0.0 0.0 0.0 0.0 0.0 0.0 657 56 4.8 0.0 2.9 0.0 0.0 0o 0.0 12.5 0.0 50.0 4.5 84 29
49.0 1700  GB.0 20 3.3 1.7 533 2111 1574 878 1680.0 46.2 0.0 235 Q.01 300.0 400.0 7750 545 458 543
0.0 0.0 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 a0 0o a.0 0.0 0.0 0.0 00 a0 a0 a0
n.o 98.0 520 480 800 108.0 867 1114 81.9( 173.0 1257 1288 63.4 11.8 130.0] B875.0 18000 2550.0| 818 946 457
0.0 0.0 0.0 0.0 aQ 0.0 0.0 0.0 00 0.0 ['R] 0.0 0.0 0.0 0.0 00 a0 0.0 0.0 0.0 0.0
1.0 an 5.0 1.0 6.7 0.0 8.7 0.0 4.8 27 29 1.9 a0 no 0.0 12.5 0.0 a0 2.1 27 57
0.0 20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 ] o0 00 0.0 0.0 0.0 0.0 0.0 00 0.0 n.o
13.0 180 34.0p 640 a50  86.7| 2533 1889 1333 40.5 34.3 1.5 0.8 it.8 80,01 1000 2400 3500 2045 1270 857
2.0 5.0 20 5.0 17 5.7 6.7 168.7 43 27 142 1.9 24 0.0 a.0 125 40.0 S0.0f 182 5.4 57
0.0 0.0 0.0 0.0 .0 0.0 0.0 a0 0.0 o 0.0 0.0 00 0.0 o0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 4.0 a0 0.0 00 6.7 111 14.3 5.4 0.0 00 2.4 0.0 0.0 12.5 0.0 00} 264 00 29
0.0 2.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 'R} 0.0 0.0 0.0 0.0 0o 2.0 2.0 6.0 0.0 2.0
o0 0.0 00 0.0 0.0 1.7 0.0 00 (1] 0.0 0.0 0.0 0.0 0.0 o0 6.0 0.0 a.0 0.0 0.0 0o
Q.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 "mg oo [130] 0.0 0.0 [1X¢} 0.0 on
6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0 a.n an 0.0 0.0 0.0 0.0 0.0 1.0 a0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 6.7 56 aa 0.0 0.0 0.0 0.0 5.9 0.0 no 20 Q.o 2.1 1.0 2.9
0.0 40 an 0.0 0 [434] oo 00 0.0 00 0.0 0.0 13.4 0o 100 12,5 200 250 4.5 co 0.0
0.0 a0 oy a0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 134)
0.0 00 0.0 0.0 0.0 0o 0.0 a.n a0 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
0o 0.0 120} 0.0 0.0 e.o 0.0 0o 00 00 0.0 (430 0.0 0.0 0.0 a.0 0.0 00 0.0 [<XV] 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 oo 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 6.0 0.0 00 0.a
0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 4.8 0.0 0.0 1.9 17 0.0 0.0 12.5 200 8.0 4.5 27 0.0
0.0 2.0 0.0 20 0o 0.0 13,3 : 0.0 al 2.9 18 8.5 4.5 4.5 5.0 1000 1250 1.0 5.4 1.0
0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0o 0.0 0.a 00 0.0 0.0 0.0 co an 0.0 0.0 0.0
0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0o 0.0 [X+) 0.0 1.2 0.0 0.0 50,0 0.0 1250 0.0 0.0 0.0
36.0 26,0 (6.0 4.0 10.0 5.0 0.0 56 9.5 8.1 0.0 1.5 2.7 00 200 87.5 3000 4250 0.0 0.0 a.0
0.0 0.0 0o 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0o 0.0 0.0 0.0 00 0.0 4.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.9 0.0 n.o 0.0
1.0 0.0 2.0 0.0 0.0 0.0 Vo 0.0 48 218 0.0 9.6 0.0 0.0 0.0 1.0 3.0 0.0 9.1 27 57
0.0 0.0 0.0 0.0 oo 0.0 0.0 o0 0. 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 a.0
0.0 00 a0 0.0 an 0.0 0.0 0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 a0 .0 0.0 00
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 o0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0o 0.0 0.0 27 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0
10 2.0 20 0.0 0.0 0.0 0.0 5.8 9.5 [1X4] oo 1o 0.0 [13] 0.0 125 0.0 50,0 4.5 8.1 8.7
0.0 0.0 00 0.0 0.0 0.0 0.0 50.0 1.0 0.0 0.0 o0 0.0 0.0 0.0 0.0 0o 0.0 0.0 0.0 10
0.0 0.0 6o 0.0 Q.0 0o 0.0 0.0 0.0 [430] 0.0 0.0 0.0 0.0 0.0 oo 00 0.0 0.0 a.0 0o
0.0 0.0 0.0 9.0 67 DD 133 58 286 Q.0 29 0.0 0.0 00 0.0 0.0 20.0 25.0 2.1 8.1 0.0
0.0 0.0 0.0 1.0 1.7 0.0 0u 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 .0 [1X1] an 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0o na an o0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0
8.0 42.0 20 Go 17 5.0 0.0 50.0 28.6 10.8 42.9 7.7 49 5.9 00| 2125 2200 450.0f 408 B1.1 371
1.0 2.0 0.0 0.0 0 0 (1Y) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0o 0.0 0.0 0.0 0.0 0.0 [Ki}
6.0 0.0 4.0 1.0 0.0 0.0 2.0 0.0 0.0 5.4 0.0 1.8 0.0 a0 0.0 0.0 o0 a0 o0 0.0 [+X¢]
0.0 [1X4) 0.0 0.0 0.0 1.7 0.0 0.0 0.0 00 ao 0.0 0o 0.0 0.0 1.0 a0 v 0.0 0.0 10
0.0 0.0 0.0 0.0 0.0 0.0 0.0 co 0.0 0.0 0.0 [1X1] 0.0 0.0 0.0 0.0 a.a 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0Q 0.0 0.0 aq 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.0 0.0 0.0
14.0 48 72 7.0 8.0 00| #267 833 2143 a1 829 51,9 478 1118 120{ 3500 7800 102501 227 135 a7
0.0 0.0 0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0 0.0 00 .0 0.0 00 0.0 0.0 0.0
0.0 [eX¢] 0.0 0.0 0.0 0.0 0.0 0.0 on oo 0.0 ao 00 a0 a0 4.0 a0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 [1XH noe 0.0 0.0 0.0 0.0 176 0.0 0.0 00 a0 0.0 0.0 0.0
449 280 1520 400 1350 50.0] 1400 1550 857 676 371 4.6 58.5 2118 120.0| 1500 60.0 750 1818 885 571
00 2.0 8.0 0.0 5.0 8.3 73.3 30.0 42.9 ne 86 13.5 85 76.56 180.0) 2750 11000 3750 318 458 88
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 oo Q.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 10.0 20 350 6.7 26.7 56 190 54 0.0 1.9 0.0 00 200 6.0 0.0 121} 4.5 0.0 0.0
0.0 0.0 1.0 0.0 oa 0.0 10 10 0.0 1.0 1.0 0.0 0.0 0.0 [1X3] 50.0 200 150.0 0.0 0.0 00
1.0 0.0 0.0 an [FX1] a.0 0.0 au 0.0 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 an 0gQ 0.0 0.0
a0 an 0.0 0.0 .0 0.0 0.0 0.0 0.0 a0 (154 1Rt} 0o 0.0 0.0 0.0 00 0 0.0 0.0 0.0
0.0 0.0 o0 0g 0o 0.0 0.0 0.0 0.0 0.0 [ERH] n.o 0.0 0.0 0.0 0.0 oo 0.0 a0 0.0 0.0
0.0 [430] a0 0.0 0.0 0.0 0.0 0.0 0.0 a.0 0.9 0. ad 0.0 0.0 0.0 oo 25.0 0.0 00 0.0
0.0 a0 6.0 3.0 6.7 33 6.7 18.7 0.5 27 0.0 3.8 1.2 0.0 0.0 .o 0.0 0.0 0.0 3.4 ©.0
0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00 2.0 0.0 0.0 00 (4] 0.0 0.0 0.0 00 0.9 0.0 0.0
0.0 0.0 0o 0.0 (334} 0.0 0.0 0.0 0.0 0.0 Q.0 0o 0.0 5.9 oo 0.0 0.0 0.0 0.0 0.0 0.0
a0 (1) anpozn wyoon7 0.0 5.6 48 27 Ly 0.0 0.0 0.0 0.0 0.0 0.0 e.0 4.5 5. 46
an 0.0 0.0 0.0 17 0.0 oa 0o 0.0 0.0 0.0 0.0 o0 0.0 0.0 0.0 oo o0 0.0 0.0 0.0
0.0 o0 [+31) 0.0 0.0 00 [1X0] a0 0.0 00 au a0 .0 0.0 0.9 0.0 0.0 0.0 a0 an 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0 an Q. Q.0 0.0 0.0 0.0 0.0 0.0 oo 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 an 0.0 00 0a .0 0.0 00 00 0.0 a0 00 an 00 0.0 0.0 0.0 0.0
0.0 0.0 0.0 (o oo 0.0 @0 on Q.0 00 na 0.0 0.0 a.0 a0 no no a0 a0 no 0.0
1.0 0.0 0.0 7.0 0.0 0.0 0.0 00 nao 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0 0o 0.0 0.0 0.0
1.0 7.0 13.0 0.0 0.0 2.2 0.0 1.0 1.0 2.7 0.0 1.0 6.1 294 100 aa 1.0 0.0 0.0 0.0 0.0
a0 0.0 1.0 00 a3 nn o 0.0 0.0 0.0 a.0 a0 0.0 0.0 .0 0.0 0.0 0.0 0.0 0.0 0.0
0o .o no 0.0 o 0.0 04 0o 0.0 0.0 0o 0.0 12 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0
2.0 0.0 0.0 [309) 0.0 0.a 0.0 0.0 14.3 27 0.4 (-] 12 0.0 0o 0.0 0.0 25.0 138 0.0 2.9
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NMU 5D1 502z SuM STW 7JD 7Ju CFD

23/2189 22/2199 22/2/99 22/2199 22/2/9% 16/3/39 16/3/199 22/3/99
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 1 1 2 3
136 4.2 1.1 50.0 5.3 14.8 1.0 9.0 3.3 138.5 185 452 10.0 13.5 190 4.0 t0.0 5.0 1133 35.3 43.3 21.4 138 4.0
0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0 aa 0.0 0.0 0.0 ‘0_() 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 1.0 52 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0
0.0 no 0.0 0.0 o0 an 0.0 0.0 0.0 0.8 0.0 oo 0.0 Q.0 0.0 an an 0.0 n.o 0o 0.0 0.0 0.0 0.0
oq £.9 5.6 oa au 0.0 oy uv.u au aa 2.0 0.0 o0 0.0 0.0 2.0 0n 2.5 0.0 0.0 0.0 0.0 45 0.0
00 0.0 0.0 0.0 04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0a a0 0.0 a0 0.0 0.0 0a 00 0.0 0.0 00 0.0
227 2.9 16.7 0.0 0.0 0.0 0.0 0.0 (413 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0 0.0 0.0 Qo 0.0 0.0
127.3 40.6 88 9 4182 6895 540.7| 2462 144 0 421.9) 1154 50.3 5241 230.0 40.5 BE4.8 16.0 18.7 10.0| 40.0 0.0 40.0f 1071 95.5 240
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0.0 [1R4] nal oo 0.0 2.0 0.0 0.0 0.0 o 0.0 n.o 0.0 g0 oao 00 0D 00 0.0 0.0 00 0.0 0o 0.0
0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 vy 0o 0.0 0.0 0.0 0.0 00 00 0o o080 0.0 00 0o a0 0.0 0.0
0.0 ag 20| oo 1.0 0.0 0o 2168 0.0 0.0 0.0 0.0 00 a0 00 20 10 .01 180 150 17.5 0.0 3.9 0.0
0o 0o 2.0 0.0 0.0 0.0 i34} 0.0 0.0 0.0 0.0 0.0 a0 2.0 00 nog 00 0o an 70 00 00 04 a0
o 0.0 00 00 0.0 oa 0.0 0.0 0.0 0.0 0.0 [th) 0.0 00 00 oo a0 00 0.0 0o 0o 0.0 X1} 00
na a.n 00p t.@ 2.8 0.0 2.0 0.0 0.0 0.0 [ 0.0 0.0 37 24 00 00 Qo 5.0 8.3 150 oy 0.0 a0
0.0 0.0 00| 0.0 a0 0.0 0.0 a.0 00 0.0 0.6 ma 0.0 74 00 00 00 00 0.0 0o pao 0.0 0.0 00
0.0 [eas] o0l 0b 0.0 0.0 0.0 oy 0.0 00 a0 0.0 t.a no o no g0 00 o0 0.0 0.0 00 0.0 0.0 0.0
20 an 049 oo 0.0 0.0 0.0 04 [184] 0.0 0.0 oo 00 0.0 0.0 00 00 00 0.0 g0 o0 0.0 0.0 0.0
0.0 134} wngt 0.0 1.0 00 a0 {0} 0.0 0.0 a.0 0o 0.0 7.0 00 00 00 o040 0.0 00 09 00 0.0 0.0
00 on nalo nn 1 an 45 nn no oa ] a0 2.0 00 00 20 o0 oe a0 00 oo 0.0 co Q.0
.0 00 oul 0o 0o 0.0 a0 an 0.0 n.0 0.0 0.0 09 0.0 0.0 0o o0 00 00 00 oga 0.0 0.0 0.0
] 3.3 1ol 28 o [1xe 0.0 0.0 a0} s 400 350 22.2 on 12 20 20 2 2,0 L3 00 a.0 0.0 10
.0 0.0 00l 00 0.0 0o 0.0 0.0 0.0 (404 0.8 [s) 27 0o 0o 0.0 00 GO 0.0 ng 00 0.0 0.0 0.0
[EX?} 0.0 nap oo 0.0 3.0 0.0 L] 0o 0o 0.0 2.0 an 0o 0.0 00 00 040 0.0 00 00 a0 a0 0.0
5.9 250 a2l 00 0.0 0.0 45 74 0.0 0.0 0.0 00 0.0 060 oo A0 60 oo 0.0 0o 00 5.0 5.0 0.0
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7u CFD CFU NMD NMU 5D1 502

20/4/98 423199 423199 20/4/99 20/4/99 19/4/89 19/4/99
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
706 938 1364 417 1160.0 400.0f 168.7 006 2323 AR 227 8.0 156 234 48 773 50.0 727 2125 2111 200
0.a 00 0.0 [+X0] 0a 0.0 0.0 0.0 0.0 an 0.0 a.0 0.0 0.0 0.0 0o Q.0 0o a.a 0.0 0.0
00 0.0 0.0 on 0.0 0.0 0o 0n a0 0.0 0o 0.0 0.0 0.0 0.0 1.0 0.0 0.0 00 6o 0.0
0.0 0.0 0.9 0.0 0.0 0.0 00 0.0 0.0 178 45 52.0 0.0 0o 2.4 0.0 0o 0.0 0.0 0.0 Q.0
0.0 00 1482 [0 200.0 7400 o0 0.0 1.0 o0 ao 4.0 0.0 0.0 4.3 0.0 0.0 45 0.0 oo o
0.0 0.0 a1 0.0 ao Q0 0o 0.0 0.0 0.0 0.0 0.0 a0 [1X¢] 0.0 0.0 0.0 0.0 0.0 a0 0.0
0.0 0.0 9.1 1.0 0.0 0.0 0.0 0.0 0.0 204 2.1 12.0 1.0 G.4 1.0 0.0 0.0 00 0.0 0.0 0.0
1353 1125 4545; 333 2100.0 35000 266.7 500.0 566.7 176 27.3 68.0] 25.0 85 262f 818 2100 1836| 500.0 2333 900
0.0 0.0 0.0 10 0.0 n.o 5.0 20 0.0 0.0 0.0 o0 0.0 0.0 0.0 0.0 0.0 0.¢ [439) 0.0 0.0
1176 1813 83 G| 200.0 §500.0 47600.0( 900.0 26000 M66.7 58.8 485 600 219 234 357 250.0 2000 2636| 6750 8444 270.0
0.0 00 0.0 0.0 a.0 a0 0.0 co 0.0 0.0 0.0 0.0 0Q 0.0 0.0 0.0 0.0 [+Xs} 0.0 8.0 0.0
59 125 364| 250 200.0 t00.0 20 0.0 0.0 41.2 R 120 8.8 14.9 2.0 0.0 5.0 4.5 0.0 a0 0.0
0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0o 4.0 0.0 10 0.0 0.0 a.0 0o 0.0 0.0 [+}1]
BB 2 5313 13727 6083 17000 12200.0) 4266.7 79000 2333.3) 5529 4273 624.0| 2656 2213 140.5| 955 85.0 54.5| B25.0 7667 600.0
176 313 Q1| 66.7 300.0 12000 1000 400.0 166.7 178 are 16.0 3.1 85 T4 213 200 @1 1375 1000 50.0
0.0 0.0 0.a Q.0 0.0 0.0 0.0 0.0 0.0 co 00 Q.0 00 00 0.0 00 0.0 co 0.0 0.0 0.0
18 213 0 8.3 1100.0 100.0) 667 00 1333 18a 13.6 0.0 0o 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0
0.0 0.0 a0 1a 1.0 100.0 00 2.0 t.a 294 227 200 0.0 oo 0.0 a0 0.0 0.0 0o 0.0 a.0
5.9 on 0.0 0.0 a0 0o a0 no 0.0 00 0.0 a.0 A 0.0 0.0r 182 5.0 [$34) 0.0 0.0 oo
5.9 6.3 0.0 oo no 0.0 0.0 a.0 23.3 0.0 4.5 0.0 0a 2 0.0 0.0 on 0.0 0.0 11 0.0
0.0 0.0 00 0.0 0.0 0.0 0.0 [IXM] 0.0 0.0 0.0 [434) 0.0 0.0 ao 0.0 0o 0.0 0.0 0.0 0.0
0.0 a.0 0.0 0.0 0.0 oo o0 0.0 0.0 10 a0 o 31 1.0 24 a0 0.0 1.0 [134) 0.0 0.0
204 813 118.2] 250 3100.0 900.0 0.0 100.0 23.3 118 136 4.0 0.0 2.1 0.0 4.5 0.0 1.0 0.0 0.0 @00
0.0 0.0 00 c.o 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 oo 0.0 0.0 00 Q.0
6.0 0.0 0.0 n.o 0.0 0.0 a.0 0o on n.o 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 Q.0 0.0 a.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0o 0.0
0.0 0.0 0.0 o.n 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0o o0 0.0 0.0 0.0 0.0 [11") 0.0 0.0 0.0
5.9 a.0 0.0 8.3 0.0 0.0 a.0 00 0.0 23.5 1.0 o0 0.0 o 0.0 227 0.0 45 0.0 111 0.0
0.0 0 0.0 3.3 900.0 2000.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 9.1 5.0 409 0.0 0.0 100
0.0 0.0 a1 a0 100.6 1300.0| 33.2 o0 0.0 11.8 o0 40 3 21 [1X0) 0.0 n.o 4.5 0.0 0.0 0.0
0.0 0.0 0.0 00 0.0 200.0{ 186.7 100.0 66.7 0.0 00 0.0 0.0 o0 0.0 0.0 0.0 0.0 00 0.0 0.0
225 250 18.2| 250 700.0 4400.0] 4333 25000 200.0 Q.o 0.0 a.0 0.0 0 0.0 9.1 100 9.1 25.0 222 0.0
a0 0.0 0.0 0.0 [{84) 0n 0.0 o0 oo 0.0 0.0 a.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 a0
0.0 0.0 0.0 04 0.0 0.0 0.0 0o 0.0 0.0 4.5 0.0 0.0 0.0 0.0 0.0 0.0 4.5 0.0 0.0 0.0
1.0 6.3 0.0 3.0 1.0 s3] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 1.0 2.0 0.0 0.0 0.0 0.0 0.0
oo 00 0.0 8.3 0,0 0.0 0.0 0.0 0.0 an 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 [£X¢) 0o 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 2. 00 0.0 a.0 0.0 [0 a.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0 a0 0.6
0.0 a0 0.9 0.0 a.0 0.0 0.0 0.0 0.0 0.0 a.0 00 0.0 0.0 0.0 0.0 0.0 0.0 ao 00 0.0
no 6.3 oo 0.0 0.0 0.0 0.0 a.0 00 0.0 0.0 0.0 00 o0 0.0 0.0 0.0 a0 0.0 0.0 oo
1.0 a0 00 0.0 0.0 00] 223 4.0 0.0 5.9 10 2.0 0.0 21 24 1.0 0.0 0.0 00 0.0 0.0
0.0 0.0 0.0 0.0 ao0 a0 0.0 0.0 a.0 0.0 0.0 0.0 0.0 0.0 7.1 0a 10.0 0.0 27.5 0.0 6.0
0.0 0.0 0.0 0.0 0.0 0.0 a0 no 0n 0o 3%} a0 .0 00 0.0 0.0 0.0 0.0 6o 0.0 0.0
1.8 188 182 83 0.0 2200.0 0.0 0.a 00 i1a 0.0 32.0) 469 43 333 9.1 30.0 227 1000 1333 200
0.0 an 0.0 0.0 0.0 00 n.o a.0 0.0 a.n 0.0 4.0 9.4 0.0 4 0.0 0.0 0.0 0.0 Q.0 0.0
an 90 0o 00 oo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 n.o 0.0 0.0 aa a0 0.0 0.0
88,2 375 183.6) 1083 5000 1500.0} 300.0 2000 5233 353 22,7 52.0( 3213 106 21.4| 2138 2850 2909 2875 2111 1300
0.0 0.0 a.0 a0 0.0 0.0 o0 00 0.0 0.0 a.0 an 0.0 a.0 24 4.5 0.0 0.0 0.0 a.0 0.0
0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
590 0.0 0.0 0.0 0.0 00 0.0 a.0 0.0 0.0 4.5 1.0 0.0 0.0 0.0 0.0 0.0 0.4 0o 0.0 oo
n.o 0.0 0.0 0.0 a0 0.0 0.0 oo 0.0 0.0 .0 0.0 a0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 a0
0.0 00 0.0 0.0 aan 0.0 0.0 oo 0.0 Do 0.0 a0 0.0 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0
4.1 a0 1091 3500 240.0 800.0] 380.0 S600.0 11333 52.9 26,4 16.0 15.6 128 48| 104 0.0 5.5 200 778 36.0
0.0 0.0 1.0 2.0 a.0 0.0 0o 0.0 0.0 1 1.0 4.0 0.0 2.0 .0 00 oo 0.0 0.0 0.0 a0
[+28] a0 0.0 Q0 0.0 0.0 0.0 o 0.0 0.0 0.0 0.0 0. 0.0 0.0 0.0 0.0 0o 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 00 1.0 0.0 0.0 0.0 0.0 0.0 0.0 o0 Q.0 0.0 0.0 04 00 0.0 0.0
41.2 6.3 455 832 100.0 2000 133 000 2867 6.5 50.0 120 119 170 167 138 50 a.1 37.5 778 160.0
170.6 1375 2636 116.7 2800.0 5600.0| 5667 31000 8333 294 22.7 40.0| 244 170 1149) 1386 5.0 21.8f 2125 556 200
0.0 0.0 [1X4] 0.0 o 0.0 0.0 an (i3] 0.0 0.0 0.0 0.0 0.0 u.o 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 a1 0.0 300.0 3000 a0 0.0 0.0 17.6 a5 a0 3 0.0 [1X4] 00 0.0 0.0 12,5 0 0.0
1.0 0N 27.3 7.0 an 000 %33 100.0 333 54 4.4 a8.0 6.3 (42 2.4 4.0 10 45 375 333 500
oo 0.0 g 0.0 n.0 Y 0o 0.0 0.0 0.0 00 0.0 oo oo 0.0 0.0 0.0 0.0 a0 a0 0o
0.0 0n (0 0.0 0.0 00 .o a.0 0.0 [3R8] 0.0 0.0 0.0 0.0 L0 4.0 [138) oo 0.0 0.0 0.0
0.0 00 2.0 0.0 0.0 0.0 0.0 0.0 0.0 ag 0.0 ool a0 on 0.0 0.0 1Ky 0.0 0.0 0.0 0.0
00 @.0 0.0 a3 L6 0.0 4.0 oo 0.0 0.0 0.0 o0 00 2.0 0.0 t.0 09 10 0.0 oo 0.0
R n.0 0.0 (Y] [13) 0.0 0o X1 0.n s o0 on 125 G4 333 45 5.0 4.5 375 0.0 2.0
0o .0 0.0 o 0.0 0.0 0.0 [13¢] 0.0 oo 00 0.4 0.0 Q.0 a0 0.0 n.a oo Q.0 na 0.0
0.0 0.0 a0 0.0 0.0 a0 0.0 oo 0.0 a0 a 0.0 0.0 o0 0.0 0.0 c.o 0o 0.0 0.0 0.0
00 nu 0.0 00 0.0 0.0 0.0 0.0 ¢ oa 6.0 0.0 6.3 0.0 T 435 45.0 a1 ta.s ©.0 au
an 0.0 0.0 0.0 oo o 0.0 oo an an 0.0 ca 0.0 2.0 0o oo 0.0 0.0 00 0.0 Q.0
[1X9) X1} 00 0.0 0.o oo oo 0.0 0.0 2.0 0 0.0 a.n 0o 0.0 0.0 0.0 oo 0.0 040 0.0
a0 0.0 0.0 0.0 0o 0.0 0.0 oQ 0.0 .0 a0 0.0 0.0 0.0 0.0 n.o 0o (421} 0.0 0.0 0.0
a.0 0.0 n.o 0.0 o 0.0 a0 0.0 0.0 5.9 Q0 0.0 0.0 00 0.0 .0 0.0 an 0.0 0.0 0.0
o0 0.0 0.0 oo no no 0.0 o0 0.0 0o 2.0 a0 0o 0.0 2.0 oo no 0.0 0.0 0.0 0o
0.0 3.0 0.c 0.0 o0 1.0 n.a an 0 0.0 0.0 an 0.0 0.0 [1Xs] 0.4 0.0 0.0 0.0 0. Q.0
G0 0.0 0.0 8.3 200.0 oo 1.0 mno.g 0.0 0.0 on 0.0 0.0 0.0 00 136 t0.o oo 0.0 0.0 0.0
0.0 on 0.0 0.0 00 (1] 0.4 10 o 0.0 0.0 0.0 0.0 ny 0o 0.0 0.0 0.0 ea 0o 0.0
00 0.0 0.0 0.0 [$R¢) 0.0 0.0 0.0 0.0 Q.0 0.4 0.0 a.c 0.0 0.0 4.5 0.0 oo 0.0 0.0 [eX]
353 500 182 83 /nn.n 1000.0) 200.0 N0 1333 52.9 A 16.0 0.0 a0 0.0 4.5 0.0 a0 0.0 90 1o

Page 141




s5UM 5TW 7JD 74U CFD CFU NMD

19/4/99 19/4/88 11/5/39 11/5/99 12/5/99 1215/%8 11/5/59
1 2 3 1 2 3 1 2 3 1 2 3 1 2 1 1 2 3 1 2 3
45.2 654 514 1323 375 1250 88.9 66.7 125 137.5 154.5 82.5) 1250 0.0 60.0 10.0 0.0 30.0 0.0 59 0.6
0.0 00 [4R4) 0.0 0.0 0.0 0.0 0.0 00 090 ag an 4.0 00 0.0 0.0 0.0 0.0 0.0 Q.q 0.0
00 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0o
00 00 0.0 0.0 0.0 a0 0.0 on an on 0.0 0.0 o0 0.0 0.0 0.0 oo 0.0 0.0 0.0 0.0
00 00 0.0 0.0 0.0 Qo 1.0 1.0 0.0 00 00 0.0 250 375.0 80.0 0.0 286 200 0.0 29 0.0
58 19 0.0 0.0 125 0.0 22.2 6.7 0.0 2.0 at YR 0.0 0.0 Q0 0.0 0.0 0.0 a7 0.0 0.0
00 0o 0.0 0.0 0.0 0.0 0.0 0.0 Q0 0.0 oo 00 [15] 0.0 0.0 0.0 04 Q0 0.0 0.0 0.0
12.8 269 (0.8 133.3 75.0 000 222 0.0 1250 1250 a8 75.01 150.0 100.0 180.0 20.0 28.6 140.0| 48.1 176 0.0
080 00 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10 00 0.0 0.0
32,7 482 459 900.0 500.0 1875 2222 58.3 227.5] 250.0 2009 35004 1100.0 1050.0 980.0 100 42.9 80.0| 296 208 255
00 00 0.0 0.0 0.0 0.0 0.0 0.0 00 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0
28 0o 2.7 16.7 25.0 50.0 778 250 137.5| 875 18.2 750 150.0 2000 1200 0o 874 80.01 254 500 8.5
00 to 0.0 0.0 0.0 0.0 1.3 83 0.0 0.0 on 12.5 0.0 0o 0.0 Q.0 0.0 10.0 0.0 2.9 0.0
39.6 835 919 11500 8875 {3625 11222 6250 1587.5] 575.0 518.2 1012.5] 2875.0 1575.0 1420.0{ 1080.0 1085.7 1400.0] 351.9 281.8 979
54 77 216 2.3 375 1500 1111 75.0 1500] 112.5 a0 h 250 25.0 100.0 1400 20,0 429 1200 208 29 21
09 no a.0 0.0 0.0 0.0 0.0 0.0 0.0 o0 6.0 0.0 0.0 0.0 0.0 00 30 0.0 0.0 0.0 [t}
0.0 0o 0.0 a0 0.0 25.0 0.0 a3 a0 0.0 00 0.0| 1000 5.0 0.0 0.0 14.2 200 0.0 0.0 0.0
i9 00 0.0 0.0 0.0 0.0 0.0 0o 0.0 0.0 0.0 12,5 1.0 25.0 20.0 an a.q 10.0 3.7 0.0 21
00 (t5s a0 0.0 a0 o (AN 18.7 0.0 0.0 0.0 12.5 0.0 0.0 oo 00 0.0 0.0 0.0 0.0 Q.0
00 Q0 0.0 0.0 0.0 25.0 0.0 0.0 0.0 0.0 0o [+X0] 250 0.0 0.0 20.0 14.2 0.0 0.0 0.0 0.0
00 00 0.0 Q0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 049 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
a0 00 0o 0.0 0.0 0.0 0.0 0.0 Q0 0.0 0.0 0.0 0.0 a0 0.0 0.0 00 0.q 0.0 0.0 0.0
0.0 00 0.0 Q.0 250 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.0 0.0 80.0 0.0 0.0 10.80 0.0 0.0 21
a0 00 0.0 0.0 0.0 .0 0.0 0.0 a4a 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 00 0.0 11 16.7 0.0 125 9.1 0.0 0.0 00 0.0 0.0 00 &60.0 Q.0 0.0 10}
00 00 0.0 0.0 0.0 0.0 0.0 0.0 a0 an 0.0 00 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 Q.0 0.0
00 00 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 Q.0 0.0 21
13.5 0.0 5.4 0.0 0.0 0.0 1y 6.7 12.8) 1125 108.1 25.0 00 125.0 40.0 200 1.0 0.0 407 38.2 48,8
a8 14 2.7 0.0 12.5 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 0.0 20.0 a0 0.0 00 0.0 oo 0p
a0 19 0.0 16.7 25.0 50.0 77.8 25.0 75.0] 150.0 1418 1500 50.0 1.0 40.0 0.0 0o 0.0 7.4 5.9 0.0
00 18 0.0 0.0 0.0 0.0 a0 0 125 0.0 a.1 00 oo 0.0 0.0 10.0 oo 10.0 0.0 0.0 0.0
135 115 0.0 0.0 0.0 no 0.0 83 0.0 12.5 91 12,5 0.0 25.0 20,0 0.0 0.0 0.0 7.4 0.0 .0
0.0 00 0.0 0.0 0.0 04 0.0 0.0 0Q 0.0 o0 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0 Q.q
18 58 0.0 6o 0.0 0.0 a.0 a.n an 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a7 0.0 21
1.9 0.0 n.o 00 0.0 0.0 0.0 0.0 00 1.0 0.0 00 20 1.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0
00 00 a0 00 0.0 0.0 0.0 0n 04a 0o 0.0 0.0 0o a0 0.0 0.0 0o 0.0 0.0 0.0 0.0
38 19 135 [130) 00 0.0 222 417 37.5] 1000 154.5 182.5 0.0 0.0 0.0 0.0 00 0| 185 8.8 10,8
0.0 00 0.0 no 0n 0 0.0 0.0 0.0 0.0 0.0 0.0 Do 0.0 00 0.0 0.0 a.0 0.0 0.0 0.0
6o 00 on 0o 0o 0.0 0.0 0.0 0a 0.0 0.0 0.0 ot 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00 0o A1 0.0 0.0 0.0 1000 1082 1125 500 45.5 25.0 0.0 on [+X} 0.0 00 00} 148 235 14.9
15.4 1.7 54 0.0 0.0 0.0 0.0 83 0.0 0.0 273 0.0 0.0 1.0 1.0 Q.0 n.¢ 10.0] 111 8.3 0.0
00 19 oo 500 1250 125 0.0 0.0 12.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 [1X:} 0.0
00 00 0.0 0.0 12.3 0.0 0.0 0.0 12.5 Qn 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18 00 0.0 6168.7 3125 187.5 44.4 187 2375 1374 8.z 75.0 75.0 100.0 60.0 0.0 00 04al 148 29 0.0
0o 0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ag 0o 3.7 0.0 0.0
0.0 00 0.0 an 0.0 0o 0.0 0.0 0.0 0.0 a0 0.0 0.0 0.0 0.0 an 0.0 0.0 0.0 Q0 0.0
10t.0 1135 484 533 75.0 12.5 77.8 25.0 137.5] 1250 2182 237.5( 2500 4000 E680.0 10.0 0.0 60.0f 222 a4 6.4
06 00 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.0 0o 0.0 Q.0 0.0 0.0 0.0 0.0 Q0 0.0 0.0 A
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