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Executive Summary

1 Albany Plantation Forest Company of Australia Pty Ltd (APFL) initiated a study of
the impacts oplantation and woodchip mill activities on the permanent tributary of
the Marbellup Brook which flows through the leased properties, Plantagenet 100 and
101. Ths is thethird report onbiodiversity and water qualitpf this tributary
undertaken by the éhtre of Excellence in Natural Resource Manager(@BNRM)

at the University of Western Australia in Albany.

1 Selected water quality variablemd instreamaquatic faunavere measured aight
siteson 18 November 2008, 8 April, 1 July and 1 Novembed20Four of these sites
were | ocated along the stream drasitesi ng t
T1-T4), and the remaining four sites were located along a nearby stream flowing
through agricultural |, aitesdCi04)t The sitdsowermp ar at
previously sampled i@006and 200.

1 Water quality for thetwo streamswas similarwith the uppermost sections bbth
streams showing nutrient enrichmeamtd the downstreamsections although not
having nutrient levels of concern, showislight increases in nutrient level$he
improvement in nutrient statwwnstreamhighlights the value of riparian vegetation

in ameliorating the nutrient impacts of agricultural practices.

1 The water in both streams was fregxcept for site T1 at thimp end of the impacted
stream where salinity appears to be risifige salinitiesat the other sitewerebelow

threshold levels of concern for biodiversity.

1 The total number of kstream faunal species found at all sites ranged 8dm50,
with speces richness showing a general increasing trend downstream in the blue gum
plantation impacted stream, so that richness was always highest at Sitee§gecies
richnessbetween the streams comparable to each other atalother studies in the
region. Species richness values obtained in the present sudggests that, on the
whole, the streams sampled are nmoderately good ecological condition In

particular, the presence of a diverse, sensitive fauna at the most downstre#rthsite

Centre of Excellence in Natural Resource Management Report CENRM099 1
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stream impactedoy blue gum plantations indicates that this site still has good

ecological values

1 The most abundamhacrceinvertebrategroupwasthe dipterans (midge, mosquito and
fly larvae) howeverthe ensi ti ve OEPT6 taxa (orders E

Trichoptera) were well represented at the downstream sites

1 Overall, water quality and ecological values of the stream draining Plantagenet Lot
100 and 101 improved downstream, suggesting that the plantation activities were not

having a detrimental effect onelstream during the time period monitared

Centre of Excellence in Natural Resource Management Report CENRM099 2
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Introduction

In 2001,Albany Plantation Forest Company of Australia Pty LA®FL) commenced leasing
Plantagenet Lot 100 and 1@Plantagenet loc. 5779yom Landcorp for the purpose of
establishing &lue gum (Eucalyptus globulysplantation. This agriculturalland, consisting of
kikuyu (Pennisetum clandestingmastures and unfenced remnant vegetation and wetlands
had been grazed for many years mainly by cafite north western portion of the property
had beerthe last area cleargdbout 25 years agoCattle grazing on the property continued

up to the end of January 2002.

Standard plantation establishment technigwese employedand blue gumseedlings were
planted in the winter of 2002 (minassmall areaeast ofthe APEC woodahip mill which was
established in 2003 using the same meth&tsndard raintenance operatismave included

the spraying of firebreaks each spring watimtactand residual herbicidemdapplicatiors of
additional broadcadertilizers. Immediately adjacent to the central permanent watercourse

within the plantation is a buffer area of blue gums and some remnant vegetation

Mindful of the need foi mpl ementi ng environmental -manage
gr ound 6 , APFlLaiutiatedcaestudy of the impacts of plantation and woodchip mill
activities on the permanent tributary of the Marbellup Brook which flows through the leased
property. As one of the objectives of APFL isniinimise negativeenvironmentaimpacts

and address community concerns regarding environmental issues relating to farm forestry
this study focused on monitoring biodiversity and water quality indicatdi®e investigation

was undertaken by the Centre of Excellence in Natural Resource Manageing¢he
University of Western Australian Albany. Results of sampling from May 2006 to February
2007 werereportedin Cook et al (2007) andresults of sampling from November 2007 to
July 2008 wereeportedin Cooket al. (2008).This report describes thesults ofNovember

2008, August, Juhand November 2@sampling and also compares these results with those
obtained for 20062007and 2008

Centre of Excellence in Natural Resource Management Report CENRM099 3
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Methods

Sites sampled

Selected water quality variablesd instreammacrcinvertebratebiodiversitywere masured

at eight sitesduring four sampling periodsl® November 2008, 8 April, 1 July and 1
November 200p Four of thesesites were located along the stream draining the leased
property( ¢ a |l | embactedh es toramdaha yemaining four sites weredbed along a

nearby stream(Ords Creek)flowing through agricultural land cal | ed t he o6com
stream)Fig. 1;Table 1).

Both streams hadome intact riparian zones consisting ofainly teatree (Taxandria

parvicep$, Blue Broom (Psoralea pinnatg kikuyu grass(Pennisetum clandestinymand

sedge zonesr a combination of thes€See Appendix A for photographic recard)rhe

commonly used Contrdmpact (Cl) design allowed the comparison statistically of the two

sets of sites to see if they diffeigsificantly. Although a Beforé\fter-Controtimpact

(BACI) design would have been preferable 6 Bef or e6 data was .l ackin
Thecontrolor o6écomparatived stream was selected b
stream would havehanged throughtimei@ way compar abl e Gt o the 01

The sites sampled are as near as possible to the same locations as sampled in previous years.
However, on the first two sampling occasions (May and August 2006), the site C3 on the
comparatre stream was a seep upslope of the stream and is notated as C3seep. Water quality

results from the seep have not been included in the analysis.

Centre of Excellence in Natural Resource Management Report CENRM099 4
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Table 1: The location of sites along Marbellup Brook tributaries that were sampledri the study.

Site | Northing | Easting

code | Zone 50 Description

Impacted stream

6135246 | 567239 | Plantagenet loc. 5779, immediately downstream of boundary fence with
T1 property of Ken Pech (loc. 5778). Immediately upstream, stream drains
open pastures with no riparian trees and direct cattle access.

6134995 | 566986 | Plantagenetloc. 5779, above culvert at junction of sedge and tea tree
T2 riparian zones at track. Stream immediately upstream drains sedge and
kikuyu grass riparian zone.

6134411 | 566276 | Plantagenet loc. 5779, immediately downstream of tea tree and kikuyu

T3 .
grass riparian zone.

6134311 | 566186 | Plantagenet loc. 5779, immediately downstream of short, sedge and

T4 kikuyu riparian zone.

Comparative stream

6134372 | 568076 | On Plantagenet loc. 5780, leased by Lindsey Black, downstream of

cl sedge and kikuyu grass riparian zone, in middle of Blue Broom thicket.
co 6134181 | 567930 | Plantagenet loc. 5780, immediately downstream of sedge and kikuyu
grass riparian zone and downstream of small dam.
6133650 | 567408 | On Plantagenet loc. 5780, at point where stream flows into property of
C3 Anthony Thomas (Plantagenet loc. 5781) with dense tea-tree and fern
thicket.
ca 6132779 | 566619 | On Plantagenet loc. 5781, at point where stream crosses railway line.

Intact dense native vegetation with overhanging sedges.

Figure 1: Location of sampling sites. Sites on the O6i mp
indicated by blue triangles (T1-T4). Sites on the nearby comparative stream arindicated bygreen
triangles (C1-C4).

Centre of Excellence in Natural Resource Management Report CENRM099 5
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Measurement of water quality

Electrical conductivityymS/cm) salinity (parts pethousand ppf), pH, temperature (degrees
Celsiug, dissolved oxygen content (mg/l and % saturation), oxidation reduction potential
(mV) and turbidity (NTU) were measured, 4gitu, using a YedKal 615 multi-parameter
water analyser.The conversion between conductivity and salinity was performed using the

Practical Salinity Scale as outlined in UNESCO Technical Papers in Marine Sdigégi@ge,

Salinity and electrical conductivity (EC) are measures of the total concentration of inorganic
ions in the water. Seawater has a salinity value of around 35 parts per thouspadd@pt
conductivity value of around 54 mS/cm. Freshwaters amergdy considered to have an EC
value of less than 1 mS/cm (ANZECZDO00).

Values of pH are measures of the acidity or alkalinity of water. The pH scale varies from 0

(extremely acidic), to 7 (neutral), through to 14 (extremely alkaline).

Turbidity is measured using nephelometry, a technique which measures the fraction of light
scattered at right angles to the light path of a waterbody. Results are expressed as

nephelometric turbidity units (NTU).

In order to assess the level of nutrient enrichimensites total nitragen (TN), and total
phosphorus (TPJevels wereanalysed Analyses for samples prior to March 2008 were
conducted by Department of Agriculture (Albany) using standard colorimetric methodology

in a segmented flow auanalyser (ALPKEMmodel 501, Wilsonville, OR, USA). TN and TP
values from the November 2007 sampling event showed some anomalies and have not been
included in the results although are displayed in Appendix B. Analyses for samples from
March 2008 to October 2009 were coothd by the Chemistry CentraV(A.) of the
Department of Industry and Resources. This is a National Association of testing Authorities
(NATA) accredited laboratory.

Centre of Excellence in Natural Resource Management Report CENRM099 6
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Ecological sampling

Macroinvertebrateshave been selected as the key indicator grawpagsessment of the
health of Australiabds rivers wusing biologic
Program.Macro-invertebratesre found in most habitats, generally have limited mobility, are

easy to catch using standard collecting methods,harwe a range of sensitivities to changes

in water quality and habitagts and are thus good i nd&arthat or s
sampling of macroinvertebrates10 m stretch of stream located at the centre of a study reach

was selected. After disgbing the benthos using a combination of kick sampling and
loosening of stoneand large woody debris (if presebt) hand,a25@ m mesh net was
to sweep over 1@n’ of streambedAfter rinsing off the leaves, twigs and other debris, the
remainder of the sample was washed through a stack of sieves with mesh apertunes, of 2

500 em and 250 & m. T h e mptienl mtosepatatavhite fraysdaa ¢ h s i
sorting. Usingtweezers, spoons amipettes, animals were picked out frahe trays for a

total of either 60 minutes (one operator) or 30 minutes (two operators). Care was taken to
maximise the diversity of animalampled by starting with common, abundant taxa for the

first five minutes, then switching attention to finding the less common, inconspicuous taxa.
Animals were placed in labelled vials containing 70% ethanol, and stored for processing. All

macroinvertelratespecimens were counteddidentifiedin the laboratory.

Macro-invertebrateswere identified to species level where possible, using a variety of
resources (e.g. Davis & Christidis, 1997).

Centre of Excellence in Natural Resource Management Report CENRM099 7
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Results

Water quality

Measurementaluesof selected watequality variables argiven in detail in Appendix B.
The following sites were dry when visitesite T1 in February 2007, March and June 2008
and April 2009 and siteB2 andC1 in February 2007, March 2008 and April 2009.

Rainfall

Monthly rainfall reords for Albany Airport (Station 009741) were accessed from the Bureau
of Meteorology website (BOM, 2010) for the years 2006 to 20@Dare shown iRigure2.

The months sampling events took place are marked in pink diamonds.

200 7 Monthly Rainfall Albany Airport # Sampling events .
180 A

160 -
140 -
120 -

100 A

mm rainfall

80 -
60 -
40 -
20 -

sl mlalml s s[alslol[os | llaluls s als[oln|o|s [elulalmls]s | als[oln[o] s | [ulaluls s alsloln[o

2006 2007 2008 2009

Figure 2: Bureau of Meteorology monthly rainfall records for Albany Airport (Station 009741) with
sampling events marked in pink diamonds.

Centre of Excellence in Natural Resource Management Report CENRM099 8



Impacts of blue gum plantations on stream health

Nutrients

The National guidelines for fresh and marine water quality have developaatdgfideline
Atriggero values for nutrients i n waterways
nutrients that, if exceeded, have the potential to cause a problem and so trigger a management
response (ANZEC(2000). Table2 shows that sites T1 and C1 excegfoth lowland and

upland guidelines trigger values on all sampling occasioptand streams are defined as

those at greater than 150 meters altitude.

Table 2: Percentage of sampling evestexceedingthe total nitrogen (TN) and total phosphorus (TP)
ANZE CC (2000)trigger guidelines for lowland and upland riversin W.A.

ANZECC (2000) trigger guidelines | T T2 T3 T4 Cl C2 C3  C4
upland streams TN > 0.45ma/lL | 15500 10005 1009% 73% 100% 91% 67%  91%

lowland rivers TN >1.2mg/L | 10000 7506  36% 36% 100% 27%  22%  36%
upland streams TP > 0.02mg/L | 15500 10005 8206 73% 100% 100% 89%  82%
100% 88% 45% 45% 100% 64% 44%  36%

lowland rivers TP > 0.065 mg/L

Figure3 show the values dbtal phosphorus (TP) for both streams as a time skeoesMay
2006 and Figure 4 compareghe average TRmongst the sites of the two streafgure 5
shows the values fototal nitrogen (TN)in both ¢$reams as a timseriesand Figure 6
compares the average TN amongst the sites of the two str@&mtisnutrients showariation
with the highest values obtained the uppermost sitem spring. Nitrogen values at the
downstreansite of the impacted streamwere generally higher for this reporting period than
they have been for previous reporting periodlse values of TN and TP for the November

2007 sampling have been removed due to anomalies in the results.

Centre of Excellence in Natural Resource Management Report CENRM099 9
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Figure 5. Total Nitrogen values (mg/L) for sites on thempacted (T) and comparative (C) streams for all
sampling events betweeMay 2006and October 2009 (The values for the November 2007 sampling have
been removed due to anomalies in the resultsSjtes T1 and C1 are in the headwaters of the two streams
and sites T4 and C4 are ear their confluence with Marbellup Brook. Results of sampling fromMay 2006
to July 2008 havebeen reported by Cooket al (2007 & 2008)
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Figure 6: Total nitrogen (TN) values (mg/L)for each site(° standard error) averaged forall sampling
occasions from May 20060 October 2009.
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Salinity

Based on Pindeet al (2004) , who <c¢cl assifi ed lessaathaar
3ppt ;s ad s ke 610 pphh &d sallhe when > 10 pfie water in both streams was
mostly fresh. Figure 7 shows the salinity values for both streams as a time series for all
sampling occasionsSalinity appears to be rising in spring &esl'1l at the top end of the
impactedstream(sub-saline water in October 2008 andisalwater in October 2009Figure

8 shows thathe impacted streandownstream from Tlandall of the comparative stream
sites werdresh.
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Figure 7. Salinity levels (ppt) for sites on thampacted (T) and comparative (C) streams for all sampling
events betweerMay 2006and October 2009. Sites T1 and C1 are in the headwaters of the two streams and
sites T4 and C4 are near their confluence with Marbellup BrookResults of sampling fromMay 2006to

July 2008 havebeen reported by Cooket al (2007 & 2008)
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Figure 8: Salinity values ppt) for each site £ standard error) averaged for all sampling occasions from
May 2006 to October 2009.

pH

Figure 9 shows that thémpactedstream had pH values that were slightly acidiaceutral
(5.2 to 7.2). The comparative stream had a greater rangd ofith values from 3.2 to 8,2

showing a seasonal trend of lower pH during winter and sgifiggire 10).

7 - O Impacted sites
6.5 @ Comparative sites i I
6 ) ]
5.5 &
T 5-
4.5 A
4 4
3.5 A
3 T T . T
T1 C1 T2 Cc2 T3 C3 T4
Stream sampling sites

Figure 9: pH values for each site { standard error) averaged for all sampling occasions from May 2006
to October 2009
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Figure 10: pH values for sites on thempacted (T) and conparative (C) streams for all sampling events
betweenMay 2006and October 2009. Sites T1 and C1 are in the headwaters of the two streams and sites
T4 and C4 are near their confluence with Marbellup Brook.Results of sampling fromMay 2006to July
2008 havebeen reported by Cooket al (2007 & 2008)

Turbidity

Figurell shows that most of the stream water inithpactedstream is clear to only slightly
turbid, however highly turbid waterseverecorded at site T1 onrde occasionandsites T2

and C2on one occasiorach Figure12 shows that the uppermost site in the impacted stream
(T1) is much more turbid that the uppermost site in the comparative streanH@agver,

the two uppermostites of the impacted strearhave very shallow water seeping through
kikuyu grass(Pennisetum clandestingrand sedges and it is easy to disturb the sediments

whilst obtaining water for sampling.
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Figure 11: Turbidity values (NTU) for sites on theimpacted (T) and comparative (C) streams for all
sampling events betweeMay 2006and October 2009. Sites T1 and C1 are in the headwaters of the two
streams and sites T4 and C4 are near their confluence with Marbellup BrooResults of eampling from
May 2006to July 2008 havebeen reported by Cooket al (2007 & 2008)
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Figure 12. Turbidity values (NTU) for each site ¢ standard error) averaged for all sampling occasions
from May 2006 to October 2009
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Dissolvedoxygen

Figure13 shows that thémpactedstream has a consistently lower dissolve oxygen level than
the comparative stream and in general, the upstream sites are less well oxygenated than the
downstream sites. The downstrearesiarevell oxygenated.
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Figure 13: Dissolved oxygen values (mg/L) for each sit& §tandard error) averaged for all sampling
occasions from May 2006 to October 2009
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Ecological data

Community diversity

The total number foin-stream faunal specidsund at all sites ranged fro® (at site T1
sampled inNovember2007) to 50 (site T4in August 2008. Figure 14 showsthe seasonal
variability of species richness over the time of sampling from May 200Bctober 2008
Figurel5 shows that the average species richness imtpactedstream increased from 19 in

the headwaters (T1) to 32 in the lowermost site (T4). The highest species richness in the

comparative stream wd$ in site C2whichis situated close to a dam.
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Figure 14: In-stream faunal species richness for sites on th@pacted (T) and comparative (C) streams
for all sampling events betweeMay 2006and October 2009. Sites T1 and C1 ari@ the headwaters of the
two streams and sites T4 and C4 are near their confluence with Marbellup Brook. Results of sampling
from May 2006to July 2008 havebeen reported by Cooket al (2007 & 2008)
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Figure 15: Species richnessor each site (+ Standard Error) averaged for all sampling occasions from
May 2006 to October 2009.

Three taxai the mayflies (Order Ephemeroptera), stoneflies (Plecoptera) and caddisflies
(Trichoptera) are known to be more sensitive to degradationgzes&he presence of these
three taxa, as measured by the EPT index, has often been used as an indicaterwaty
health. When water was presenhet number of EPT taxa varied from zéstes TL, T2 and

C1 at various timedp 10 (siteT4 in November2006. Figurel16 shows that the downstream

sites of both streams acbaracterised by relatively higher numbers of EPT.taxa
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6 - @ Comparative sites
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S 51
(8]
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Y
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Figure 16: The EPT score for each site (+ Standard Error)averaged for allsampling occasions from May
2006 to October 2009.
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Two different aspects of community structure contribute to the concept of community
diversity 1 species richness, and equitability, or evenness. The latter expresses how evenly
theabundance ahdividuds is distributed among the different species. The most commonly
used diversity measure taking both of these iaccount is the Shannativersity index.

Figure 17 gives the average Shannon diversity inderrefor eachsite over all sampling
occasions.There is a general increadewnstreanmn diversity and evenness as expressed by

the Shannon diversity index with site T4 showing the highest average value.
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1.0 T
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Shannon diversity index

Figure 17: Average Shannon diversity indexscore for each site (+ Standard Error)averaged for all
sampling occasions from May 2006 to October 2009.

Community composition

Figure 18 and Figure 19 show in streanmacrginvertebratecomposition forsites in the two
streamsover all sampling occasion®ipteran speciegmidge, mosquito and fly larvae)
generallyformed thedominant groupat all sites The second most abundant group were the
EPT taxaA high diversity of coleopterans (beetle adults &ar@tae) was consistently found
at site C2 with many beetle species being found only at this site (App€ndil other
aquaticmacrainvertebrategroups are moderately well represented in the downstream sites.
Native fishwere again collected in th@maao-invertebratesweep nets on the downstream
sites, T4 and C4During the last four sampling occasiotise Western Pygmy PerclE@elia
vitata) and Night Fish Bostockia porosawere caught al4 in the impacted streamnd the
Mud Minnow Galaxiella munda were caught aC4 in the comparative streantiowever
over all the sampling occasions, C4 libd greaterfish diversity withall the above species
and the Western minnovs@laxiasoccidentali3 caught in the sweep net (see Appendix C)
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Figure 18 Average instream fauna community composition for sites in thémpacted stream.
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Figure 19: Average in-stream fauna community composition for sites in the comparative stream.

Discussion

Water quality

Oveall, water quality of the four farm forestry sit€&l-T4) was comparable with that found

at the comparative stream si{€s1l-C4). Therewashoweversigns of nutrient enrichmeimt

the uppersectionof both streams For example, higher levels of TN (wva of 11.0mg/l in
October 200pandTP (value of7.00mg/l in November 200Bwere recorded at site TIThe
headwatersof this streamdrain agricultural pastures before entering the leased forestry
property and is characterised by free stock access amd intact riparian zone.The

downstream sites of both streastsow improvements in nutrient status and water quality
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which highlights the value of riparian vegetation in ameliorating the nutrient impacts of

agricultural practices

The ANZECC (2000) guideines for median total nitrogen in slightly disturbegland
streams i9.45 mg/L andfor lowlandriversis 1.2 mg/L (ANZECC, 2000).Upland streams
are defined as those at greater than 150 meters altBotte.the impacted and comparative
streams flow fron¥0 meters to 30 meteadtitude,however they are first order streaarsd as
such do not sit within the lowland river categaBpth streams have been highly disturbed in
the context of the ANZEC (2000) guidelinesThe TN values exceeztl the recommended
level for slightly disturbedupland streamson more than 67%of the sampling occasions
however only the two upstream sites (T1 and @i¢ of concernThe downstream site T4
recorded higher values of TN for this reporting period possibly indicatingthbatiparian
vegetation (grasses, sedges &aitrees) are not able to take up the increasddentload

flowing from the agricultural land. évever further data is required to verify this.

Total phosphorus has been shown to vary from lessil@@i ng/L in small headwaters to as
much as7.0 mg/L in heavily polluted riverstANZECC, 2000). ANZECC guideline
recommendations fofP in slightly disturbedsouthwestern Australian waterwayse 0.02
mg/L for upland streams an@d.065 mg/L for lowland rivers.On 4% of sampling occasions
TP values associated with the farm forestry activities (sit@34) exceededthe higher
recommended levelf®or lowland rivers Somesite specific guidelines haveeen developed,
e.g.the EPA (2008) guidelines for phosphora@asmcentrations in the lower Peel Harvey inlet
rivers is 10 mg/L. Murray et al (2005) found thatphosphorus loads are the main driver for
algal blooms inthe Torbay watershednd the predominant nutrient soureeas discharge
from the catchmentvhich includces Marbellup BrookMaintaining phosphorus levels below
0.065mg/L in the lower sections of the impacted straara commendable target in support

of maintaining a healthy Torbay watershed

Based onPinderet al (2004)the salinity in the upstream site T in the impactedstream
appears tde rising in spring and was sghline in October 2008 and saline in October 2009.
Otherwise both streams are comparable and fresh with salinities ranging fronD(@®2 ppt.
Thesesalinitieswere similar to those recded inMarbellup Brook by Halseet al (2000)
(9791561 puS/cmi.e. 0.20.5 pp).
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While conductivities recorded in this study exceeded the level of 120u8Idi8ppt)
proposed for upland streams and exceeded drinking water guidelines, they easilg met th
recommended levels for stock watering, and were well below the levels expected to have a
detrimental effect on biodiversity valueBinderet al (2004) demonstrated that salinity has a
major influence on the distribution of aquatic invertebrates inViteatbelt,with species
richness decreasy with increasing salinityonce salinities exceeded abofdur ppt
However,Hart et al (2003) suggested thacro-invertebratesould be adversely affected

by salinities as low asneppt. Apart from site T1galinities recorded in this study were well

below these threshold levels.

The impacted stream had generally lower dissolved oxygen levels than the comparative
stream with the lowest levels in the upstream site (T1). The kikuyu grass and sedges have
grown thickly over the stream area along its entire length and have created a thick layer of
decomposing organic matter. The processes of decomposition create a biological oxygen
demand (BOD) reducing oxygen levels in the wa@enerally dissolved oxygen folvs a

diurnal cycle with the lowest values just before sunrise due to respiration and highest values
during the daydue to photosynthesis. For aquatic biota the minimum values are the most

stressfuland these were not recorded in this study.

Biodiversity values

Species richness in thmpacted streanshows an increasing trend downstream of the blue
gum plantation with site T4 having the highest species richn&secies richness values
obtainedover all sampling occasior(sanged from8 to 50) comparefavourably with those
found by Halseet al. (2000) and Cook (2008who found Marbellup Brook to be in
moderately good ecological conditiaith species richness raimg from 14 to 32

The most diverse and abundamacraeinvertebrategroup are the diptens (larvae of midges,
mosquitoes and fliesHoweverthes ensi ti ve OEPTO6 taxa (orders
and Trichoptera) were well representedhast downstreansites C3, C4, T3 and T4wvith a

maximum of 10 speciesrecorded for siteT4 in November2006 (see Appendix D). The

presence of a diverse, sensitive fauna at the most downstreawh thigestream impacted by

blue gum plantations indicates that this sti#t has good ecological values.
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The native Western Pygmy Perdbdglia vitatg and Nidht Fish Bostockia porosafound in

T4 are abundant in south western rivers. They favour habitats with inundated or overgrowing
vegetation(Morgan et al, 1998) as observed at T4 (see Appendix. Ahe Mud Minnow
(Galaxiella munda collected from the comparae stream site C4 is generally rare
throughout its restricted distribution in the south west corner of Western Australia. It is
generally found in darland mildly acidic wateways with intact native riparian vegetation

Site C4 retains intact dense nativiparian vegetation (see Appendix.AJhe Western
Minnow (Galaxias occidentaljscollected from the site C4 in 2006 generally prefers more

open water

Conclusion

Overall, water quality and ecological values of the stream draining Plantdgere0 aml

101 improved downstream, suggesting thatpitesentvoodchip mill andplantation activities
were not having a detrimental effect on the stream during the time period manitored
However changes such as harvesting activities could be detrimental toquatiy and
biodiversity values of the local waterwayhusit is recommended that annual monitoring
continue to assess the effects ofgming activities associated with blue gum plantations on

the stream.
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Appendix A: Photographic record of sampling sites

Figure A - 1: Site T1: May 2006, looking downstream from the crossing at the top fence line and the dense
grass that the stream flows through.

% LA o

Figure A - 2: Site T1: June 2009, looking downstream showing the dense grass and sedgestiteam
flows through has not changed greatly.
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Figure A - 3: Site T2, May 2006, looking upstream from culvert crossing at sampling site The grasses had
been slashed above the culvert to facilitate sampling.

Figure A - 4: Site T2, October 2009 looking upstream from the culvert crossing (above) and downstream
(below). The stream flows through very dense grasses and sedges.
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Figure A - 5: Site T3, May 2006 Barbara Cook pointing to the sampling site which is in the middle of
thick Melaleuca and Taxandria shrubs (above) and the sampling site (below).

Figure A - 6: Site T3, October 2009, looking upstream and downstream at treampling site. There has
been little change in the three years of sampling.
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