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EDSTUACY

fMive streans, sorell Crec’, few Tcwn dvulct, [obrrt
divulet, Brewns diver and Lorth lest Iay Hiver, wihich flcv
down i1, Jellin;ton, wer:zs studied,

Yhysical and choniczl properiies of the water uere
measured and factors likely to affect the distinction of thc

fauna were described.,

Tiie Invertebrate fonne was sarmpled seasonallv al turee

sites on each streamn.

The effects of disturbternces, including pollution, on the

strea-. fauna were studied,

Tr.e main features of the foura arz its unigueressz to
Tasmanic, its susceptibility to destruction by disturtznce of
the environrent, and the presence of a distinct hi-n altitule

fauna.
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CHAPTER 1 IHNTRGDUCTICH

In contrast to the mainland of Australia, which is the mest
arid of thz-world's inhabited continents, containing only some
400 rivers, Tasmania has an abundance of freshwater systens
throughout its area. The lack of study of lotic environments,
noted by Bayly and Williams (1975), on the mainland may be
explained in part by this lack of runninc water, but the almost

complete absence of such studies in Tasmania is surprising,

Survey work in Australia, such as the Tasmanian Dioloprical
Survey, has involved the listing of animals as s prelude to an
investigation of the distribution of enimels, the relation
between plant and arimal communities and the influence of tLe
environmznt on the fauna (lHickman, 1¢38)., Few studies of this
kind have been published in A‘ustralia, and those which have, such
as those by Jolly and Chapman (1966) and Jalker et al. (1976)
have corcertrated cn larger lowland streams. Eimilarily,
althourh lotic environments have been betier studied in New
Zealand, studics such as those of 411lsn (1951) and Stout (1969)

are confined to lar-er and generally low altitude rivers.

In fact, this seems to have been the trend throushout the
world, where althouch a'large nunter of surveys on stream fauna
have been carried out, =uch as the vast descriptive Zuropean
literature, only a fev, such as those by Hynes (1961), Lorpran
and LEgslishaw (15£5), vioodall and Wellace (1972) 2nd ‘frnold arnd

LMacen (1972) heve stulied sinell, torrential mountein strege-,



ADSTRACT
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Pive streans, coreli Cree’sr, Few Tcwn livulet, [obart
Rivulet, Browns diver and liorth Jest Fay Hiver, which flcv

down 't, Wellington, wers studied,.

Physical and chemical properties of the water were
measured and factors likely to affect the distinction of the

fauna were described,

The invertebrate fruna wss sampled seasonallv at three

gites on each stream,

The effects of disturbonces, inzluding pollution, on the

stream fauna were studied.

The main features of the fauna are its unigueress to
Tasmania, its susceptibility to destruction by disturtoznce of
the environment, and the presence of a distinct hirsk altitude

fauna.



CHAPTER 1: IHTRODUCTICH

In contrast to the mainland ecf Australia, which is the most
arid of thz:'world's inhabited continents, containing only some
400 rivers, Tasmania has an sbundance of freshwatar systems
throughout its area. The lack of study of lotic ernvironnents,
noted by Bayly and Williams (1975), on the wmainland may be
explained in part by this lack of running water, tut the almost

complete absence of such studies in Tasmanla 1s surprising,

Survey work in Australia, such as the Tasmanian Biological
Survey, has involved the listing of animals &s a prelude to an
investigation of the distribution of animals, the relation
between plant and animal communities and tke influence of tie
envirenmznt on the fauna (lickman, 1938). Few studies cf this
kind have been published in Afustralia, and those which have, such
85 those by Jolly and Chapman (1966) and “alker et al. (1976)
have concentrated on larger lowland streams, Similarily,
althourh lotic environments have been better studied in Kew
Zealand, studies such as those of Allen (1951) and Stout (1969)
are confined to larrer and generzlly lov altitude rivers.

In fact, this seems to have been the trend throughout the
world, where although arlarge numter of surveys on stream fzuna
have been carried out, such aos the vest descriptive =Zurogpean
literature, only a fev, such as those by Hynes (1961), leorgen
and Egclishaw (1965), tioodall and wallace (1972) end Lrnold and

Hacan (1973) have studied smell, torrential mountain shtream:z,



This may be due to fthe difficvlties encountered sampling such
streams (sce Chapter 4,) ard also their accessibility in many
places., These studies show that mountain streams #i'e character-
ized by a fauna dorinzted by Plecoptera larvae and other insects

adapted te fast current spesds and low temperatures,

Tasmania is a mountainous state {(Davies, 196%) in contract
to the mainland, where mountain aress are almost entirely
confined to the Snowy lountain region in New South Wales, The
mounteins of the central and eastern part of Jasmani= are capped
by dolerite and lit, Wellington is typical of thase mountain areas

which are drained by large numbers of small streams,

Despitz this predominance of sgmall mountsin streams in
Teemania, no surveyv of the fauna has been pvblished, TFresh-
kwater studieé have been limited to larger lowlend rivers such as
the Coal and Jordan Rivers {(Zennison, 1975 and Sloane, 1976) in
relation to fish and fish feeding or in relation to metal polluticn

(Thorpe 2znd Iake 1973) in the 3outh ©sk Fiver,

The water cnemistry has been more widely studied (.7illiars
1964, Tyler 1973 , Iuckney and Tyler, 1673} =zlthouzh much of
this work heas been confined to lentic waters., The water
chemistry of 't., Jellin~ton streams has not been stuiied, nlthous"
the characteristics of water dreining off dolerite are known

(7illiams, 1964),



Althoush the invertebrste fauna of terperate rurnning woters:
displays considerable uriformity throughout the world (Hvnes, 1270),
the Tasmanian fresh-water fauna has many unigue elements such

as the presence of the syncarid Arasvidcs tasmanire, Bayly and

Williams (1975) notes that regional faunistic features are
particularly obvicus in Australis and lNew Zecaland hecruse of

a lont period of isolaticn by marine barriers and Tasmania is
furthest from colenizatior sources., lieboiss (1977) sugrests that
the hign degree of endemicity in Tasmanian waters results from its
separation from the meinland, and because of past =nd present
differences in climate between the mainland of Australia and
Tasmania, He found that 74% of the Trichoptera were enderic,

compared with 827 of Tlecoptera (Hynes, 1976).

Althourn Darwin visited Tasmania in 1835 and climbed
¥t., #ellirgton, he was not impressed by the scenery and did nox
take much notice of the fauna. Thomson (1893), on the other hand
found the Tasrwanian fresh-water mountain fauna extremely inter-
esting and sugrested future studies should follow., He was the

first to discover Annscides Vasrmanine in vools on top of It.

Yellington, and he also collected one specimen of a phreatoici?

isopol ard several gammarid amrhipods.

Smith (1909), on a visit from Oxford, noted thet Tasmani=z
was a particularly favourable place for studvin~ Australian
fresh-water fauna, as the highlands are covered wi*h nur2rous
large l=2ies and tarns and the country is everrsnere drained by

lar-e »ivers and strenrs,



In 1937, the Tesmanian Tioloricz:l Surveyv wos estahlished
to look 2t the faunt, flora =znd reolosy, However, altiourh
studies have been carried out on individual groups of Tlasrzanian
fresh-water fauna (e.c. Clurk, 1939 on the Parastzcidnes llicholls
1943, 19244 1949 on tnhe Phreatoicoidea; Hynes, 197€ on the
Plecoptera and lehoiss, 1977 on the Trichoptera), no survey of

Tesmanian fresh-water wmountain fauna has been published,

This is puzzlin- because lit, Jellington is close to the city
end many other aspects of its envifonment, such as the vegatation
(llartin, 1938, Ratkowsky and Ratkovsky, 1$7¢) and the birds
(Ratkowsky and Ratkowsky, 1977) have been studied in detail,

A possible reagson for the lack of such a study is the fact that
until some of these more recent works, little wazs known atout
the taxonomy of some of the major insect pgrours, especially the
Trichoptera., In fzct, a great deal of work still needs to te
done on individual groups. Such as the Ephereroptera, Coleptera

Diptera and the Cligochaeta.

Beceause of their proximity‘to Hobtart, the streams which
flow down frcm 1't, Jellincton are affected "y disturbances
to the environment caused by man. The niost obvious of thasse are
the effects of clearance of the land for urban and agricultural
use, O0f the five streams wiiich were chogen for this study, two
(Ilewv Town Zivulet znd Hobart RNivulet) flow throu~: the citr, the
other three (Sorell Creek, Drowvns River and .orth 7est Tay

flow throurn rural znd semi~rursl areas. (n the urt-n creels,

there 1s a milkx frctory situ-ted on liew Tosn Nivulet and a



brewery on Hobart Rivulet. Qther disturbtances include the
buildirng of swall dams >n Browns Siver and lorth Vest 2y River

for the abstraction of water for the city cuprly.

lynes (1970} and Rayly and Villiems (1975) review tne effect
of man on running weters, while the specific topic of pollution
is dealt with by Hynes (1963) and Klein (1968)., However, as in
all work on lotic enviranments, most of this workx has deszlt with
the effects of man on larger rivers, since the faunz of smzll
mountain strears differs frem that of larger lowland rivers,
go might the effects of disturbances in general and pollution

in particuler, be expected to differ,

Surveys provide basic data for future studies, irncluding
the effects of disturbances on the environment, They arec,
therefore, useful in the planhing of future use of an area, At
present there is a greater awareness of the velue of the naturzl
environment for asthetic and recreational purroses =and thisz has
resulted in an attempt to reintroduce natural conditicrs slone
the banks of the city strears., A study of flumrkre:x Rivulei by
Russel and Clark (1977) proposed the formation of a linear
perk besed on the stream and plans were announced recently
(Saturday Evening llercury, 12-11-77) by the Teputy Iord lavor,
r, breoadby, to build a park comprising nzatural bush, picnic
areas etc, along the banks of the !obart —“ivulct from %re cit~
to the base of !'t., Jellington, The fauna eof the strearm is toin
an irtercral pert of such a park and an indicator of the

quality of the stream water, The results of this survey will be



useful o the manzzers of these park reserves,

Knowledge of the effects of disturbances on tle lt,
Wellington strears moy be useful in the identification znd
prevention of deleterious effects on the environment in other
gsimilar mountain areas of Tasmania, This knowledge can also be
used in the planning of further development in the area, for
exarple, the planning of tourist facilities within the Iit,

wellington area.



CHAPTER 2: THE AZEA

GLENERAL DeZCRIPTICH

The Nt, Wellington area, approximately latitude 22°54!
and longitude 147017', has been descrited by Martin (1939),
It consists of 2 plafeau capped by & Jurassic dolerite sill
about 428m thick overlying Triassic sandstones about 244m
deep resting on an Upper Permien base., It is separated
from the Mt. Humboldt mass by the valley of Ruszell Falls
which ie in turn separated from the Central Plateau by the
valley of the Florentine and Derwent Rivers,

The zrea is the ezstern ard almnst sguare end of a
32km. cast-west ranre, The eactern face rises fairly evenly
with increasing gradient, The sumrnit plateau is almost flat,
sloping gradually to the western face, There is then a
sudden drop to a flat swampy plain. The northern and eastern
sides cf the renpe are drained by small creeks, while the
whole of the top plateau drains into the swamps end thence

into the North est Bay River.

The soils can be divided into two groups; high mcor and
skeletal soils of the platezu and upper slopes and pcdsols

below 767m.,

CLIVATE
Rainfall
Averare monthly and anrual roinf-11 readir-s for several

stations in the ovsa ax givern by Vartin, a2re crhown in Table la.



Rainfall decreasec rapidly away from the mountzin and this is
almost independernt of altitude, The seasonal variztion in monthly
rainfall is not pronounced, however, there is a marked fluctuastion
al irregulaer intervals and droughte do occur. Rain is gentle

and on 70% of days rain amounts to less than 3.81mm and heavy
fz21ls are rare, Approximately 50% of the rainfall results from
southern Ccean depressions, Jloczl variations sre considerable,

In addition to rain, the mountain above 396m 1s often mist-

covered as a result of dry winds from the Tasman Sea,

Temperature,
Average naximum and minimum monthly temperature readings

as given by Martin are shown in Table 1b.

Wind.

Wind action is considerable especially on the plateau.

Snow.

Snow may fall in any month, but generally only lies for

more than a few days at higher altitudes and in the winter months,

Exposure,

Maximum sunlipght and evaporation cccurs on the top and west
sides of the sunmit and north-west sides of the range, The south
face receives little direct sunlipht except in summer and much
of the other faces iz in the shade for 2 larce portion of the

day,
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Figure 1,

Map of the area showing the relative
positions of the drainage basins of
Sorell Creek, New Town Rivulet, Hobart
Rivulet, Browns River and North West
Bay River with respect to Mt. Wellingtoy
and the position of sampling sites on

these streams,

Kevy,

Urban areas.
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THE CT e/l s,

As mentioned above, several small streams drain the ezstesrn
gide of the range. I chose to study three of the larger c¢f these
gstreams; liew Town Rivulet, Hobart Rivulet, and Browns fGiver, I
also studied Morth “lest Pay Iiver which drains from the top of the
plateau and flows south, and Sorell Creek which rlows north from
Collins Cap., These are the main streams dreining I't. "Yellincton
(with the exception of Nountain River which drains to the south-west,)
They cover a wide range of asvects, This can be seen from Figure 1,
which 1is a map of the area showing the drainage systems of these
streams., The streams alsc flow throush a variety of different land
uses, ranging from natural veretation in the higher re=aches to
urban 2r1 rural land use in the lower reaches, Pigure 2 is a
diagram of the profiles of the streams, showing the differences
between their lengthe and gradients. Iorth Jest Pay River and
Sorell Creck are longer streams with an iritizl steep part then
a long graduzl gradient, The ofther three streams are much shorter

with & greater overall gradient,

Sorell Cr=ek,

Sorell Creek has an epproximate catchment area of 78km2. It is
fed by a large number of tributaries, It rises =zs Iyrile Forest
Creek at an elevation of 1000m on Collins Cap. The vegetation
at this stage is mixed forest {(Jackson 196%), It flows north for
a short distance, then east throurh wet sclerophyll forzst (Jacksorn,
1965), then north s.cain through dry sclerorhvll {(Jackson 19€5), %o
enter the Derwent River near Doyer, At several places tre surround-

ing erea has bteen cleared for farming, esnecially furiher downctrenw,



"he streem flows through two sm=11 towns: Collinsvale =znd

llolesworth,

New Town Rivulet.

~

New Town Rivulet has an spproximate catchment area of 13km“,
It has only a small number of tributaries compared with Sorell
Creek., It rises on the eastern slope of Mt, Vellington at 1000m
where the vegetation is open woodland, consisting of scattered

stunted eucalypts with heath plants such as Richea spp., Fimelea

Spp., Orites =pp., 2and Drinys_lanceolztz. It descends steeply

down the fz2ce of the mountzin through wet sclercrhyll, then
more gradually as it enters the urban area, It then flows
parallel to ILenah Valley road throuch increasinsly urbeniced
areas and past light industry, the most prominent being EPakers
ilk Factory. At several places parks and barbeque sites have

been constructed aleoneside the strezm.

Hobart Riwvulet,

Hobart Rivulet has a catchment area of 19km? with few
tributaries. It has its source at elevaticn 600m on the eastern
slope of the mountzin, where the veretation is wet sclerothyll,
It descends rapidly then flows throurgh incransirsly urbznised
areas and finally disappears in culvets ben=zath the city. It
also passes Cascade Erewery where it is joined by z tritutary;

Guy Iawkes Rivulet,

Rrowns Hiver,
Lrow¥ns 1vel

- . - . 2
Browns [iver has & cstchment arca of cpproximetely 11.1kn

10



and has many tributaries. It has its source at elevation £2Cm
and descends rapidly to Silver Springs wnere water is piped
off for the city water supply. It flows throurh the Hobart
¢ity Council Reserve to Fern Tree then south-east turougk a
ateep sided valley of wet sclerophyll. The vegetation then
changes to dry sclerophyll and some of the surrounding area
has been cleared for agriculture and settlement. It enters

the Derwent at Kingston after receiving primary treated sewage,

North West Bay River,

North West Bay'River has a catchment area of 1O1km2 and

is fed by a large number of tributaries, It rises at elevation
1150m from a series of pools. It descends rapidly to 7ellinton
Palls, then flows in a south-easterly direction through a
heavily wooded steep-sided valley, Below the falls, water is
piped off fer the city water supply. Near Longley the
surrcunding area is cleared for agriculture which is the

main land use for the rest of its course to Margate where

it enters the River Derwent,

CHOICE OF SIIES

| Several authors for examples Allen (1951), Carpenter (1227),
percival and hitehead (1929, 1930) and Hynes (1961), have
observed a change in the composition of stream fauna with
altitude., JSome of the most importent work on the subject is

by Illies (1964; Illies and Botosaneanu,1963), who proposed a
universal series of zones in running water., These zones are:
Eucrenon, the sprine region; Hvpocrenon, the sprin~ broox;

Rhithron, where the mcan monthly temperature riscs to 2OOC,



flow rate is fast, and the bed 1is composed of rocks stones or
gravel; and Potamon, where the mzan monthly temperature rises
to over 2000, flow 1s slower, and the bed is malnly sand and

cud.  In stony streams and small rivers the rhithron can often

be further divided into epi-, meta-, and hyporhithron.

Because of the probable existance of similar altitudinal
gzonation in the streams studied, three sites were chosen on
each stream; one close to the gsource, one approximately midway
downstream, and one further downstream, The choice of sites

was modified by their accessibility.

The position of the sites is shown on the map (Figure 1.).
Altitudes and gradients at the sites are shown on the profiles
in Figure 2, Plates 1-14 give an indication of the vegetation

type, stream size, and the type of flow at each site,

§g;ell Creek

Site 1a, This site is at an altitude of B0Cm in the Liyrtie
Forest, The vegetation is mixed forest with many ferns. It
overhangs the stream so that little direct cunlight reaches
the stream, which is quite narrow at this point, average width
being 60cm., The substrate consists of cobhles and boulders
{(Cummins 1962, refer chapter 3) up to 30cm dizmeter with smaller

material in between, It 1s clear of alzae and moss,

Site 1b, This site is a2t an altitude of 380m. The

vegetation is dry sclerophyll and as the stream is mucli wider



13

here than at site 1a, (approximately 2m), it is only shaded
near the banlis, The sutsirste ic similar to that of site 1a,

but a brown =l1lga grows on the rocks,

Site 1¢. Thig site is at an altitude of 25m &t "oleswortl,
g ferning are~., It 3¢ near hop fields and the riparian veg=tation
contains a number of exotic plants including willows, At this
stage the stream is approximately 2,5m wide and is only shaded
near the banks, The substrate consists of cobbles and toulders

which are covered with a2 growth of brown alpa, this beineg

quite prolific in the summer.

New Town Timmlet

Site 2a, This site is at an altitude of 1000m., The
vezgetation consists of stunted euc;lypts and heath plants as
described above., The stream consists of a number of small
channels about 20cm wide, The substrate is mainly clay with

small cobbles up to 10cm diameter anéd highly irregular in chape.

Site 2b. This site is at 210m at the tottom of a steep
gradient. Thec vegetction is dry sclerophyll., The strear~ is
epproximately 150cm wide and direct sunlizht reaches only the
middle part. The substrate consists of cobbles znd boulders
of up te 30cm in diamzter and these are covered with small

amounts of green algae,

Site 2c, This site is at an altitude of 3Cm. The ripari:n

- vegetavion consists mainly of willows which overhens the strenn



14

and allow little direct sunlight to reach the surface, The
surrounding land is urban and the site is approximately 1.2im
below Bakers lilk factory., The stream is about 120cm wide,
the substrate consists of cobble and boulders covered with

large amounts of hrown algae which traps some fine sediments.

Hobart Rivulet

Site 3a. This site is in thick wet sclerophyll forest
at 300m, The stream has an average width of 1.5m and
overhanging vegetation shades most of the stream. The sub-
gtrate is extremely wvariable, ranging from large boulders to

coarse gravel,

Site 3b. This site is at altitude 15Cm and is situated
just above Cascade Brewery., The vegetation which was oririnally
wet sclerophyll, was burned during the year, and one bank of
the stream below this site was cleared and sown with grass =zt
the same time, This site, which iz on Guy Fawkes Riwvulet,
is more open than site 3a, the width being similar. The

substratum ranges from bedrock to ceocarcse gravel.

Site 3¢. This site is 1.5km telow Cascade Brewery at an
altitude of 60m and 1n e totally urban area, The riparian
vegetation consists of willows and other exotic plants, The
width is about 4m, The subsirate consists of cobbles and
boulders up to 30cm diameter which are cecvered with larze

amounts of brown alga which traps the finer sedinents.



Plate 1, Site la, Sorell Creek.

Plate 2. Site 1b, Sorell Creek,.

Plate 3. Site 1lc, Sorell Creek.
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Plate 4. Site 2a, New Town Rivulet,.

Plate 5. Site 2b, New Town Rivulet,

Plate 6. Site 2c, New Town Rivulet,






Plate 7, Site 3a, Hobart Rivulet.

Plate 8. Site 3b, Hobart Rivulet,

Plate 9. Site 3¢, Hobart rivulet.
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Plate 10, Site 4a, Browns River,

Plate 11, Site 4b, Browns River.

Plate 12. Site 4c, Browns River.






Plate 13. Site 5b, North West Bay River,

Plate 14. Site 5c, North West Bay River.
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Browns River
’-—*'_"_-—

Site 4a., This site is locatzd below Silver Falls in wet

sclerophyll at altitude 450m, Water is piped away Tor the city
water supply at the falls, The stream is approximately 12Ccm
wide at this site and the substrate consisis of cobbles and

poulders up to 3Ccm,

Site 4b, This site 1s at altitude 140w, The vegetation
jg dry sclerophyll, although some of the surrounding area has
peen cleared for agriculture, At this point the stream is
approximately 2m wide so the centre of the stream receives direct
gunlight. The substrate is variable, ranging from coarse gravel

to large boulders covered with small amounts of algae,

Site 4c., Iocated near Kingston, this site is at altitude
40m., The vegetation is dry sclerophyll with some willows but
some o% the surrounding area is cleared, The vegetation provides
almost complete shade to the stream which is about 120cm wide
at this site. The substrate is similer to that of the above

gite but the algae is more abundant,

¥orth est Bay River

Site 5a. This site is at VWellirgton Falls, the top of the
falls being at altitude 80Cm, In this area the vegetation
consists of a thick forest of wet sclerophyll, Even at this
gltitude the stream is approximately Z2,5m wide, allowing direct

sunlight to reach a large proportion of the stream, The subztrate
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consists of cobbles and boulders up to 60cm diameter. Not far

pvelow this site, water is abstracted for the city water supply.

Site S5b. This site is located at Longley at altitude 190m
in a farming area, Vegetation along the banks is dry sclerophyll.
The stream is about 3m wide at this stage, but as the streanm
ved is much wider due to past flooding and grester flow prior
to aﬂstraction of water for city supply, it receives 1little
ghade from the vegetation, The substrate consists of smooth
rounded stones of average dlemeter 15cm, These were covered

with small amounts of green algae.

S.te 5c. This site is located at dargate, almosi at sea-
level. Most of the vegetation has been cleared and only
gcattered willows, ecacias and eucalypts overhang the stream,
providing 1little shade, At this site the stream is approxirately
3,5m wida. The substrate is similar to that at site 5b,
however it is covered by large amcunts of brown algae which

traps some finer sediments.
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(HAPTIER FACTORS CCOJITROLIING FAUNAL DISTRIBUTICH

e

TATRODUCTION «

o

Many factors control the digtribution of aquatic
pacro-invertebrates, Hynes (1970) considers current speed,
temperature, substratum and dlssoved substances to be the
most important, while he considers liability to droughts
and floods, food, competition between species, shade and
zoogeography to be of lesser importance, There may be a
consideratle degree of correlation between these factors,
for example between current speed and substratvm type, so
that 1t is frequently difricult to distinguish precisely the

effect of one from that of others,

Current speed

Arnold and lMacan (1973) cite examples of animals

(e.g. Rhithrogena, Rhyacophila and Baetis) that require a

certain current speed to satisfy oxygen requirements,
Edington (1965) has shown that some aquatic invertebrates
such a8 the net-spinning Trichoptera require a certain
current speed for feeding. Thus some animals are limited

by a minimum current speed. It is obvious that invertebrates
without merphological adaptions for postion-heclding would

be swept eway bty high current speeds, However, as Arnold

and Macan (1973) point cut, most invertebrates in fast

streamns live under stones away from the direct current,

Hynes {1970, describes several methods for measuring
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current speed, Initially measurement was attempted by timing
a floating orange over a certain distance, Unfortinately
many of the sites have boulders in the substrate and these
obgstructed the path of the floating orange, thus preventing
an accurate result being obtained. Also in the high

altitude sites, the depth of water was not great enough

for this method.

One of the most stralght forward methods is by the use
of a current meter, MNr Williems of the Rivers and Water
Supply Commission suzgested that the flow at all the sites
was far too variable for meaningful results to be obtained
using a current meter. Alsoc as the meter works on the
principle of a rotating propellor, it requires a minimum
depth, Most of the higher altitude sites are too shallow

for the use of such a meter,

Allen (1951) suggests that type of flow may be more
useful than actual current speed. He uses the following
flow types:

Broken - waves > % depth

Turbulent - smzll waves, distortion of vision

Smooth - clear vision

Cascade ~ irregular flow among large protruding
stones in sections of steep gradient,

These were used to describe the flow at the sités.

He also describes water types as follows:



Table 3, Flow and water types at each site
uging the classifications of

Allen, 1951,



Site Flow type Pools Riffles Runs
la Cascade + + -
1b Turbulent + + -
lc Broken + - +
Qa Cagcade + + -
2b Turbulent + + -
2c Broken + - +
3a Cascade + + -
3b Turbulent + + -
3c Broken + - +
4a Cascade + + -
4b Turbulent + + -
b4e Broken + - +
5a Cascade + + -
S5b Turbulent + + -
5¢ Broken + - +




Pools = considerable depth for gize of stream
Flats -~ less depth than pools and flow smooth
Runs - turbulent flow, velocity moderate to rapid
Stickles - broken, rapid flow
Cascades - steep, l1lrregular flow

These were defined using a combinatlon of depth, velocity

and flow type.

Thus for

Stickles Current > 1.24 ft/sec
Depth ¢ 0.75 ft

Run Current > 1,24ft/sec
Depth S 0,74 ft

Flat Current < 1,05 ft/sec
Depth < 1,50 £t

Pools Current < 1,25 ft/sec

Depth > 1.50 ft,

2t all sites the current speed was variable but was
classified as rapid (at least 50cm/sec) by the nature of
the substrate (llynes, 1970). Table 3. gives the flow types

and water types according to Allen's (1951) classification,

Substratum

Current speed has an important effect on the substratum,
which has been slhicyn to affect the distribution of stream
macro-invertebrates (Cummins and lauff, 1969), Hynes, (1970)
gives a table showing the speed of current st which particles

of different sizes are removed from the stream bed, Cummins,

)



Clagsification Particle size range (mm)
Boulder 256
Cobble 64 - 256
Pebble 16 - 64
Cravel 2 - 16
V. coarge sand 1
Coarse sand 0.5
Medium sand 0.25
Fine sand 0.125
V. fine sand 0.063
Silt 0.003¢9
Clay 0.0039

Table 4. Substrate particle size terminology and categories,

Cummins, 1962.



(1962) has given a classification of substrates based on
particle size (Table 4,) a1d this was used in Chapter 2.

where the substratum of each site was described,

Temperature

Temperature controls the distribution of stream
invertebrates in several ways, Some require a certain
temperature range to breed and develop. Arnold and lMacan

(1973) cite the planarian Crenobias alpins which does not

breed in water warm=r than 1200. They aslso suggest that
competition restricts the distritution of some animals

to lower temperatures,

Temperature readings were taken at each site at the
same time as the fauna was sampled using a mercury in
glass thermometer. Continuocus readings are desirable
to give a true picture of stream temperature but due to
large number of sites and the time necessary to visit

each of these sites, it was not considered worthwhile to

make more frequent temperature recordings. Several authors,

including Hynes, {1962) and Jolly and Chapman (1964),
found sismificant temperature trends using only isolated

temperature readings.

Seasonal temperature readings at each site are given
in Table 5, These show & marked increase in temperature
downstream in summer. This trend is less in autumn and

spring and there is no real difference between the sites

20



Table 5.

Water temperature readings at each site at the

time of sampling the fauna, The fauna was not sampled
at sites 4c and 5a in summer and autumn and 3a in
spring, so temperature recordings are absent for
these, The temperature was not recorded at site 4a

in winter.



SITE SUMMER AUTUMN WINTER | SPRING
1a 10.5 4,2 5.0 5.5
1b 11.5 6.5 6.0 7.5
lc 17.5 7.0 6.5 8.0
2a 8.0 6.5 5.5 | 6.0
2b 17.5 8.5 5.5 7.5
2c 16.5 10.0 6.5 9.0
3a 14,0 8.0 6.5 7.0
3b 17.0 7.5 6.2 8.5
3¢ 16.5 8,0 6.0 10,0
ba 11,5 7.0 6.0 5.5
tb 17.0 8.0 6.5 8.5
4e - - | - 10.0
5a - - 2.0 -
5b | 15,0 | 9.0 7.0 9.0
5c 20.5 8.5 6.5 10.5




in winter., There is also a seasonal change in temperature.
This 1s more marked at the lower sites than at the hicher

altitude sites.

Although Macan (1958) showed that little reliance could
be placed on isolated temperature readings such as those
made here, fémpgratures of lotic waters do not vary in the

short term and isolated readings have been widely used by

other workers such as Hynes (1961).

Hynes (1961) found similar results to thoée in this
study, however he found that the higher altitude sites were
warmer in the winter than the lower sites and this fact he
could not explain, In this study, the winter readings were
similar for all sites, The lowest temperature recorded was
2°C at site Sa. This was loser thean any of the others
(next lowest was 5°C at site ia), possibly because of snow
melt, although snow was seittled at sites 1a and 2a when the
recordings were made, Another fector affecting these
recordings may be the cover of vegetation, which would
provide some insulation, Site 5a, being much more open than
the other high altitude sites, would be less insulated than

the high sites and would suffer greater heat loss.

Dissolved substances

Many authors such as Carrick end Sutcliffe, (1973),
Egglishaw and Morgan (1965) have attempted to show the
relationship between chemical composition of the water and

distribution of the faun=, However, chemical composition
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does not seem to have a great deal of effect except in extreme
conditions, For example, Carrick and Sutcliffe (1973) found
that the feuna changed when pH values Jdropped below 5.7.

It would s=zem obvious that crustaceans, which require calcium
for theiraexoskeleton, would be limited by water hardness.

However, Hynes (1970) states that Gammarus oulex has been found

in water containing less than 5mg/l calcium,

Hynes (1970) states that oxyegen is rarely a limiting
factor in fast flowing streams, although low valuss in areas

of organic pollution,

Free COZ’ alkzlinity and pH were measured in the field.

Free 002 must be measured as quickly as possible without

agitation of the sample because it is readily lost to the

atmosphere, The procedure used was that outlined by Welch (1948),

N/

100ml of sample was titrated agzinst 44 YaCH using

phenophthalein as indicator. The titre was multiplied by

10 and expressed as mg/l.

Alkalinity in most natural waters is due to (a) carbonate,
(b) bicarbonate and {e¢) hydroxide ions, The use of two

indicators, phenolphthalein and methyl orange, in a titration

n/

against 50 H,.SO, enables these to be distinguished,

2 4
Phenolphthalein alkalinity gives the alkalinity due to

carbonate ions and is measured by titrating 100ml of the

I\1/50 stO4 using phenolphthalein as indicator,

The titre is multiplied by 10 and expressed as pom. Iiethyl

sample against



orange alkalinity measures bicarbomate plus carbonate ions
and is measured in the same way as the phenolphthalein ezcept

/
that methyl orange is used as the indicator.

pH was measured using a Titron Nodel p-120 pocket pH meter,

Water samples were collected from each site in polythene
bottles for laboratory analysis of cations and anions. Samples
for analysis of phosphates were collected in bottles pretreated
witr a solution of iodine in potassium iodide for several days
then rinsed with distilled water and filled with distilled water
until collection of the sample. This procedure was recommended
by Heron {1962) who suggested that bacteria adhering to the
walls of the bottles caused lower readings by taking up
phosphorous., Thls treatment was also recommended ty Bowditch

¢ 1, (1976).

Celcium and maenesium concentrations were determined by the

ETDA method (Golterman, 1969).

Sulphate was determined turbimetrically using barium

chloride (Golterman, 1969).

Orthophosphate was determined colorimetrically as described

by Golterman (1969).

Nitrogen as nitrate was determined by the Brucine me thod

(Standard methods, 1966), Huxley and Wisel (1574), in a

23



review of methods for the determination of nitrate in waters,
name this method as one of the most reliatle in the range

Conductivity at 18°¢ (K18) was determined electrometrically,
Total dissolved solids (T7.D.3.) was calculated according to
the formula (Payly and Williams, 1975).
Bayly T.D.S 3 (3'4K18 + 0.666) K18
106

Dissolved oxy~en and B.0,D.

Dissolved oxygen was determined by the Winkler method
(Standard liethods, 1966). Samples were collected in ground glass
stoppered bottles and "pickled”" with alkaline iodide and
manganous sulphate immediately. The remainder of the analysis

was carried out later in the laboratory.

B.0.l. semples were collected in the same type of sample
bottles as used for the oxygen determinations., The samples
were kept for 5 days at 20°C in the dark, after which they were

analysed for oxygen.

Table 6 summarizes the chemical features for the five
streams. It is apparent from the T,D.3. values that these
waters are quite dilute, Williams (1964) found a range of
T.D.S. values from 21 to 1400 p.p.m. in Tasmaniszn rivers., Eayly
and ¥illiems (1975) note that some Australian saline streams
have T.D.S5. values as hirlh as 60C2 p.p.m, but thét most streams

world-wide have less than 3000 p.p.m,

24



Table 6.

Physical and chemical properties of the water at
each site,

K gs T.D.S., Mg, ca™, and 50, values are for
water samples collected in summer. Alkalinity,
free 002 and pH values are average values. As
free CO2 was generally low, it was not tested

at all sites,

N.,R. = too low to be detected,



-

KlB TDS Free CO, Alkalinity Mg, Ca SOy
SITE pH
(us/cm) | (ppm) (ppm) | (ppm HCO; (ppm} | (ppm) | (ppm)
1a 31 20.65 | 7.6 - 5.5 N.R.{ 0.20 | N.R.
1b 31 20.65 | 7.3 - 7.0 v | 0.20 "
lc 125 83.30 | 7.4 | 1.4 23,5 " 0.75 | 8.0
2a 26 17.32| 7.4 - 5.5 " 0.15 | 0.2
2b 45 29.98| 8.0 1.0 9.5 " 0.22 | 1.8
2¢ 240 |160,03| 8.3 | 1.2 39.0 " 0.80 | 2.0
3a 46 | 30:64| 7.4| 2.5 8.0 v 0,22 | ow
3b 113 75.30| 7.5 | 2.2 13.2 " 0.45 | 11.0
3¢ 143 95.31| 7.7 | 2.0 17.0 n 0.55 | 8.0
bha 58 38.64 | 7.5 - 14.0 " 0.27 | 0.8
4b 97 64.631 7.1| 1.0 14.5 " 0.36 | 8.0
AN
be - - 7.5 - 16.8 " - -
5a - - 7.3 - 24,0 " - ]
5b 51 33.97| 7.3 - 14.5 L 0.28 | 1.0
S¢ 155 | 103.31] 7.4 - 22,5 n 0.46 | 7.0




Hynes (1970) states that the cliemical composition of
running waters is a reflection of the local geography and
climate, As these streams are in the éame area with the
same climzte and geoclogy the water chemistry is expected
to be similar. Alsc since the streams rise in steep
gradients, with little soil formation and thick vegetaticn,
little dissolved material would be transported from the

surrocunding area.

The results compare favourably with those obtained by
Williams (1964) for streams rising in the Cradle I't. Area,
an area similar in geology, geogravhy and climate to the

study area,

Tha\T.D.S. and ionic concentrations show a gradual
inerease downstream, Pennak (1971) found similar results.
Often, as in this study, downstream sites are at a much
lowver gredient and scil is much deeper, allewing rainwater
to percolate and remove ionic substances, Also on these streams
most of the lowlanrd areas were cleared, resulting in greater

runoff, carrying more solutes,

PhOSphaté and nitrates were undetectable, The main sources
of nitrate and phosphate in streams are rainfall and the land
surface, especially agricultural land. It was, therefore,
expected that the sites in sgricultural arezs, that is, cites
1b, 1c, 4b, 4c, 5b, and 5¢c might have had detectable amounts

of these lons. However, Hynes (1970) states that normally the
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concentrations of nitrate and phosphate actuzlly in solution in
stream or river water are low because the ions are rapidly taken
up by plants, Neel (1551) noted that the concentrations of
these nutrients fell as the water passed over riffles., This

may be a contributing reason for the low concentrations,
Although no macrophytes were present at any site, there were
large amounts of algae and the streams were fast flowing, with

many riffle arcas,

Oxygen levels were close to 100% saturation at all sites,
Hynes (1970) noted that in small turbulent streams, (such as
the streams studied), the oxygen content is normally near, or
above saturation, Even ai sites 1c (summer) and 2c¢ and 3¢
(all seasons) where lower oxygen concentrations were expected
(because algal growth suggested organic polluticn) the values
were as high as the other "cleaner™ sites, probably because
of the furbulent movement. This may also have been the reason
all B.0.D. values were low (less than 2), indicating clean water,
Shade

Hughes (1966) showed that shading and direct illuminration
has an effect on the distribution of stream fauna. This factor
may have sa2veral components, for example its effect on the
temperature of the water, oviposition behaviour or food
availability., The riparian vegetziion and its shading effect

at each site has been described in Chapter 2.

Food

The availability of food is en cbvious factor controlling

the distribution of stream fauna. The main sources of food in
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‘the I't, Wellington streems are algee and sllochthorous nlznt
material, since rooted macrophytes were absent. The occurrence
of algce at the sites has been deelt with in Chepler 2. The
amount of tllochthonous material aveilchble depends on the neture
of the ripurion vegotation., The native vegetation is evergrecn,
providing a more cor less continuous supply of materizl to the
siream. Nost of the exotic plants found a2t the lover sites are
deciduous, providing a distinctly seasonal input of focd in autumn.
Egixﬁallen (1951) showed the marked effect of spates on siresm
fauna., This is partly due to disturbance of the substiratun.

Also during spates there ia an increase in turbidity. Dorris

et al. (1963) found a relationship between discharge and turbicity,
Bennison (1975) confirmed this on the Coal River. According te
Hilliems (Rivers and Yater Supply Commission, personal ccnmun-—
icetion) all the Mt. Wellington stireams are subject to flceding,
especially North West Bay River. This could be seen frcm the
erosion of the banks. However, during sempling, the ctireoms
were only affected by minor spates in the winter months., An
inerease in turbidity was noted at thesc times.

Ezzﬁggg}rison (1966) and Herrel end Dorris (1968) have studied
the effects of drcught on stream fauna. At a2ll sampling times
there was a continucus flow of water in all streems. Williams
(personal communication) noted that, from the reccrds for

North West Bay fiiver and DBrowms River, neither hed dried up
during the past 15 years, a2ltbouch on odd occasionsg ith2 flcw

had almost cessed during the summer montihs.
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Microbiolory

The coliiorm bacteria have a density bvearins some relation
to the degree of organic pollution. The higher the coliform
count the greater the health hazard presented by the water.

The presence of the coliform group in water suggest the
possibilify of faeczl contamination by the warm-blooded anirals,

including man. The prescnce of Escherichis coli always mean

pollution by these faceces.

Water gamples were collected from each site in sterile
500 ml bottles from near the centre of the stream, They were
analysed by the State Healtn Laboratories for Coliforms, faecal
coliform and faecal streptococcus using the membrane filtration

method descrited by iWilliams and Dussart, (1976).

Table 7 gives the result of the microbiological aralysis
of the water at each site, There is a general trend of increase
in the count of organisms downstream. Exceptionally hi:h counts
occurred ot sites 3b and 3c, There were three houses above
site 3b, so high counts could te due to leakage of sewage into
the stream, Only one sample was analysed from each site, so
that the high level observed mey have teen due to contamination
just prior to szmplinz. The Health ILaboratory suggest that a
single water sample is of little value in assessing convanination
and thet a sample programme should be established, This was
not feasible for this study as the aim was to obtain an

indication of contamination only.

Standards for coliform defnisity vary from country to country

and are related to water usage, (Rayly & ;iilli=ms, 1973) Zajic (1971)



suggests that counts should not be greater than 4/100 ml for
drinking vinter., A limit of 1000/100 ml was proposzd by the
Cotmonwealth Department of works for Australian stieams sub-
ject to occasioral bathing, Bayly & Williems (1973) give data
for rivers in the lelbourne area in which the counts are much

higher than those obtaiped in this study.
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CHATIER 4. THE TAULA

Samplin:: the faunz.

The nature of stream beds makes them difficult to sample,
The current interferes with many sempling procedurss and large
stones and boulders are often present, causing variable flow.

‘ )

This results in a variety of different substrates which are
colonised by different animals {(Cummins and IL~uff, 1969),
The small size of streams such as those studied here provides
a further difficulty in that it may be difficult to replicate
results, However, as Hynes (1970) notes, in order to study
such an environment, it is essential to have some measure of
the abundance of the svecies present. For this reason, the
study of small streams seems to have been iargely nezlected,

in favour of larger rivers with greater expanses of homo¢eneous

habitats,

Kany methods for sampling stream invertebrates have been
sugcested, These have been reviewsd by Nacan (1958), Cummins
(1962) and Hynes (1970), liany of these wethods have been devised
for specific situations, for example, corers can only be used
in soft substrates, dredges reguire a movable substrate, and

methods using nets require a certain minimum current,

One of the methods most commonly used is the Surbcer (1937)
sampler, which consists of two quadrats, each one square foot

2 .
(30 em™), at richt angles to each other, with a net attached

to one of these, The guadrat without the net is olaced on the



substrate such that the net extends downstream in the current,
Larger stones within the cuadrat are picked up, held in frent
of the net, and any animals picked of{, The area within the

frame 1s then stirred thoroughly and animals so disturbed are

swept into the net, _—

The Surber sampler has the advantages that it is small,
light, easy to carry, and secures saﬁples from a definite area
of the stream bottom (Needham and Usinger, 1956). It zlso
collects arimals both on stones and within the substrate., It
has the limitations that it can only be used in certzin
conditions, It requires a certain minimum current, 1t cannot
be used in water deeper than arms length and Chutter (1972)
suggests that it not feasible to use it 1in water deeper tian
the frame because at these depths, back currents at the mouth

of the net and edge effects causss many animals to escaps,

Because of the variability of the stream bottom, several
samples need to be taken to obtain a good representation of
the number of animals and snpecies present., UNeedham and Usirger
{1956) examined the reliability of Surber sampler results and
from 100 samples concluded that 194 would be required to give
significant figures (959 level confidence) as to the total
wet weight of organisms and 73 for the total numbers. Chutter
(1972), in a reappraiszl of Needham and Usinger's work (1956),
suggest thet in reality these numnbers are nmuch hicher.
Chutter (1972) &lso points out that in many streams it is

impossible to sample even 18 sguare feet in a single riffile.

31



In many parts of thie streams studied this was indeed the case,

Although it is rarely possible to obtain a reliable estimate

-

of the total numbers of animals presznt, Needham and Usinger
(1956 ) showed that in only two or three samples, at least one
individual of the most common species could be collected,
Similerily, in a consideration of the time and effort involved
in sampling, identification and counting the animals, Chutter
and Noble (1966) also concluded that three square feet was

en adequate area to sample.

However, these investigations were carried out in
homogeneous samnling areas and as Chutter and Noble (19%€)
note, the variance of dispersion (senu South wood, (1966)
of individual species increases with heterogeneity of the
area sampled. Thus Gaufin et. al, (1956) found that as many
as 10-15% of species present were not discovered until at
least B8 Surber samples had been taken., They suggest the need
for careful selection of tottom types to be sampled in order
that a small number of samples may give a comprehensive faunal
plcture. Following this suggestion a small stream, such as
at site 2a, could be effectively sampled without removing all

the animals in the area,

As mentioned atove, the use of the Surber sampler requires
& minimum current and can only be used in shallow water., Thus,
althourh it was suitztle for sampling the riffle sections of

the Mt, Vellington streams, it was unsuitable for samoling
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the pools, liethods described by lacan (1958), Cummins (1962)
and Hynes (1570) for sampling pools, for example using dredges
or grabs, can only be used where the substrate is soft, In the
pools sempled, the substrate consisted of cobbles and coarse
gravel. A method was thus devised, whereby a standard F.2.4.
net was dragged across a certain area of substrate, disturbing
it and collecting any animals released, {Unfortunately, as it
was difficult to Jjudge the exact area disturbed by this method
and as many animals would have escaped the net, this method

could not be considered more than weakly quantitative,

The fauna was sampled four times in the year, corresponding
to summer, autumn, winter and spring et all sites except sites
4¢c and Sa, Site 4c was only sampled in winter and spring due
to difficulty in finding suitatle site, and sife Sa was only samrled
in spring due to its inaccessitility. In summer and autumn,
both riffle and pool samples were taken where possible (at
some sites such as site‘1c, it was difficult to distinguish
true riffle or pool areas.) Because of thils and the lack of
comnarability of pool samples, pools were only sampled in
summer and autumn, At least three riffle and pool samples
were taken at these times, while in.winter and spring 6 riffle
samples were taken at each site except in winter when high
flows made sampling difficult and only three samples could De

taken at site 1b and © at site 3ec.

Samples were emptied into z white plastic tray and any

lerge plant material and stones were removed. The sample was



then placed in a vial of alcohol to be further sorted ang
identified later in the laboratory. Samples were hand sorted
btecause this was considered more efficient than sieve methods

mentioned by Hynes (1970).

Animals were identified to species level where possible,
otherwise thev were identified to the highest level possible,
then labelled Bpl, etc., Difficulty was encountered identifying
the Trichoptera because although this group has recently been
revised Neboiss (1977), as yet no new key exists to the larvae.
Identification of most groups was based on keys given by
%Williams (1968) and in the C.S5.I.R.0. "Insects of Australia”
(1970). TIdentification of the Plecoptera mas suprlemented
by the descriptions of licLennan (1971), Illies (1¢75), and

Hynes (1976),

Composition of the feuna,

A complete svecies list, giving the number of individuals
per sample, is given in Appendix 1. Both riffle and pool
- samples are given, The animals ave typical of those found
worldwide in temperate stony streams (Hynes, 1970), consistirg
mainly of irsect larvae., Althouch much of the scuthern hemi-
sphere faunza 1s unique, parallel evolution is evident and
many faunal types found here have similer countervrparts in the
northern hemisphere, Thus the fauna found in mountzin streams
by Hynes (1961), liorzan and Egglishaw (12965) and Arnold and
Nacan (1973) appears similar to that found in this study, excsert

Tor the presence of the syncarid Annspides *sacmarisze and the
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amphipod Ieonipharrus sn, which have no counterpart in the

northern hemisphere, BAlthough not collected in this study

because of samplinpg methods, the phreatoicid Colubotelenn

thomsoni and fstacopsis fluvistilis also occur in this ar=a

and are unique to Tasmania., liicholls {(1946) found that

Colubotelson thomsoni was abundant in puddles on the sumait

and in runnels upon the higher slopes of the mountsin., Clark

(1939) found Astacopsis on lt. “ellington in Hobart and at

Rldgeway, The fauna is best dealt with in faunal groups.

Ephemeropters:

The Zphemeroptera formed a larce portion of the fauna

collerted, the genus Atalovhlebioides being the most abundant

and widespread, occuring at sites at all altitudes and in
both riffles and pools, Riek (1970) states that the genus

Atalophletioides contains the most common Australisn mayfly

specles, the only cqntrolling factor being a need for swift
flowing water, This genus belongs to the family ILeptorhlebiidae,
which is the dominant family in Australia, where it hes

invadcd habitats similar to those occupied bty other fariliecs

in the northern hemisphere (Williams, 1968), Atalozhletia =p.

was the only other member of the Leptophlebiidae found in this
study., It was found only in slower flowing water and in pools
which is the habitat mentioned by Riek {(op. cit.,) Two members
of the family Baetidae were collected, the cosmopolitan

Baetis being fqund mainly at the lower altitude sites and

Tasmanophlebin sp, which burrows in sand occurred in vools,

« . . . ek
The remaining pgenus found is Tasmanccoeris, which belonrs to
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the family Caenidae, This is also a burrower and was simiiarly
found in slower currents and pools. Riek (op. cit,) gives the
distribtution of this genus as pools and slow stresss from

Tasmania to the Xosciusko region.

Plecoptera:
The Tasmanian Flecoptera are considered to be almost entirely

endemic by Hynes {(1976)., They also constituted a prominant

portion of the Mt, Wellirgton fauna, Although Lusthenia spp,

and Tasmrnoperla spp, only occurred in low numbers, they were =&

slgnificant part of the biomass because of their relatively
large size., Both are endemic, but have counterparts on the

mainland, FEustheniopsis, which is found in the Yoscilusko area

resembles Pustheniz; and Austroheptura, which is found in
southern Victoria, Nt., Kosciusko, and New England 1is similar

to Tasmancperla. Eusthenia was found only at sites of altitude

greater than 140r, while Tasmanoperla was found at all altitudes

but was more common at higher altitudes, Riek (1973) found the
genus to be distributed throughout Tasmania. Only one specimen

of the other Tasmanian member of the Austroperlidee, Crypturoverla

paradoxa, was collected, Riek (1973), described this species asz
occurring only in a restricted area in the west of the state,
but Hynes {1976) has since collected specimens from 't. Wellington,

so it may be more widespread,

Nembers of the family Notonemouridae were expected from
the distribution given by Illies (1975), but only one specics,

Tesronocera bifoscinta, was collected and at only one site, 2c.
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liembers of the Grivopterygidae were widesprezd, occurring

at altitudes, OSeven spicies were collected, Cardionerla

nirrifrons being the only endemic, Hynes (1976) noted

morphological differences in this species throughout the
state, namely a variation in the prominance of the dorsal
ridges and a2 similar range of forms was observed in those

collected in this study,

Coleontera:

The most common beetle larva Xound was a new species of

Sclerocynhon (Davis, 1975) found at 211 altitudes tut occurrsd

in greater numbers at the higher altitude sites, possibly due

to the amount of algaz and sediment at low altitude sites,

Davis (1975) fourd that it occurred along the entire lengths

of lLambert Tark and Hytten Hall Creeks in both pools and riffles
end also in the substrate, but that it preferred habitats

where stable contact with the substrate was =zvailable,
Other Coleopters were larvae and adults of the families
Helminthidae, lHelodidae and Dytiscidae. These were found

mainly at lower altitude sites.

Trichortera:

15 families of trichopterans, including 8 case-dwelling
sprecies and 7 free living species were collected, Case-dwelling
species occurred at all altitudes but more species were found
at lower altitudes. Some such &s the Helicopsychidae and

the Limnephilidae were found clustered in large numbers in



crevices on rocks, Gaufin et 21, (1956) found that a stecies
widespread in any pgiven sampling area tended to vary greatly
in distribution over the area, clustering in favourable
microhabitats, This type of distribution makes gquantitative

sampling extremely difficult,

Free living species were not found at sites above 450m.
This may be related to their feeding habits, since although
they require a certain current to built nets hut this current

must not be too great,

Diptera:

The most common diptera collected were members of the
family Chironomidae, OSeveral species were found but it was
difficult to identify them, However, a distinct species with

a case was found at high altitude sites.
Simulidae 2nd Blephariceridae were only found in isolated
samples, due to their need for very fast current. Other

Dipteran larvae included HNuscidae, Tipulidae and Ceratopogonidae,

Olicsochaeta:

The most prominant family collected was the Lumbriculidae.,
These were extremely numerous at sites 2c, 3b and 3c, Jolly

and Chapmen (19€4) found that Iumbriculus tolerates orranic

enrichrent but favours recovery zornes, Accerding to Erinkhurst

and Cook (1974} lumbriculids replace tubificids in stony strezams,
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Other oligochaetes occurred at all sites but were not

abundant,

ollusca:

The two snail genera, Potamopyrsus and Pulinus, were found

at the lower altitude sites and were prolific at site 3¢ all

year and site 1c¢ in summer,

Crustacea:

The endemic syncarid Anaspides tasmrniae was found orly at

sites 1a, 2a, 4a, and Sa. It was found in poth pools and
riffles, but was more abundant in pools. Williams (1274)
described the typical habitat as small upland streams and moor-
land pools, also lakes, It is usually found in the highlands
although he gives the total altitudinal range &s 15 to over
1200m A.S.L. Most collections have been taken at over 150m

and most of these localities he found were subject to near -
freezing temperatures in winter. He gives an upper temperature
tolerance of between 1500 and 2000. Anaspides is eater by the

introduced Brown Trout Salmo trutta, which is found in all th

streams studied. This may explain the presence of Anaspides
above Jellington Falls on the North West Bay River, and its

absence below, Trout have not penetrated above the falls,

The amphipod Neoniphareus sp, was found as low as 140m

but was more frequent at higher altitudes, Lake and Knott
(1972) note that the larger neoniphargids are confined to cool,

flowing streams often in association with inaspides tnasm-nine

as was the case in the Nt, Wellington streams.
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The shrimp Paratva ausiraliensis (Walker, 1972) was found

only at site Sc. Jilljams (1974) notes that it occurs in lowland
creeks near the éoast end in inland lakes, 5Site 5c¢ is much

closer to the coast than the other low z2ltitude sites,

Summary :
The fauna of Lit., Wellington streams contains a large

proportion of endemic species, including Eustheria spp.,

Tasmanoperla spp., several members of the family Gripopterygidae,

Heonipharsus sp., Anaspides tasmanise and some Trichoptera

(also Astacopsis fluviatilis and the phreatoicid Colubotelson

thomsoni not found in this study). Also important is the widely

distriruted mayfly Ataloohlebioides so.

Althouzh no similar surveys have been conducted in Tasmznia,
various collections of these groups indicate that the fauna of
Mt. Tellington streams is similar to that of other mountain
areas, such as I't. Field, Cradle lit., and 't. Hartz, The degre=
of endemicity of the fauna makes it distinct from mainlard lotic
fauna, however, some groups such as the Plecoptera have similar

counterparts in mountain areas such as the Kosciusko region.



CHAPTER 5: ANALYSIS OF RiESLLTS

BISTOGRALS:

One of the problems of presenting the results of survey

work is that the information is often in the form of long lists

of species, from which it is difficult to draw a great marny

¢
conflusions, One method of summarizing such results (used by
many authors including Hynes 1961, Hughes 1966, Ward 197% and

Armitage et al., 1974) is in the form of histograms,

Riffle samples for each site were pooled aﬁd groups of
similar animals such as Gripopterygidae, were represented 2os
a percentaze of the total number of animals collected at that
site, Groups represented by greater than 107 of the total
catch were then plotted as histograms, Figures 3-7 are
histograms for each site at each season. Figure 8 compares

pool and riffle samples in the same way,

This method has some drawbacks, quite apart from the
technical'problems of presenting histograms visually. The
validity of peooling samples from a site is doubtful when
each site contains many different microhabitats and therefore
different faunzl groups, and when clustering of =animals
occurs, The variastion of Surber samples has already been
discussed in Chapter 4, and such variation can be seen from

the raw data,

The use of percentages often leads to zn undzrestimate

4+



of the importance of larger animals occurring in small nunbers,

for example, Busthenia spp.Poole (1974) notes that abundance

is not necessarily a gond indication of the importance of a

species in a community.

However, this method is a simple way of summarizing
large amounts of data and does give some indication of the

dominant groups of invertebrates at each site for each season.

Diversity indices

A method commonly used in the past to analyze such
communi%y results has been the calculation of diversity indices,
However, in recent years doubt hes been placed on the biological
meaning of these indices (Hurlbert 1971, Goodman 1975),

Hurlbert (1971) sugzests that the term " species diversity™
conveys no more information other than "something to do with
community structure.,” Many authors in the past, for example
MacArthur (1955). largalef (1969), have used a specles to
indicate community stability. However, as Goodman (1975)
points out, no relationship between stability and diversity
has been d;mOnstrated. Although biological implications

of diversity indices may be doubtful, they are useful as a
shorthand for expressing the number of species and relative
abundance of species in a community for the comparison of

communities.

Several indices have been devised and some of these are

mentioned by Wilhm and Dorris (1968)., A comparison of these
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indices shows that differcnt raikings of samples cen be
obtained using different indices (Hurlbert 1971). Beanison
(j975) used three indices end gained different interpret=tions
from each, Hulbert (1971) suggests that if diversity indices
are to be used, the choice of a particular index depends on

the purposes for which it is to be,

The most commonly used diversity index is the Shannon-

Weaver Index (Shannon and Weaver, 1962),

where 5 is the number of species and Py is the proporticen
of the total number of individuzals consisting of the ith
species, It incorporates the two ideas of species richness

and species evenness which Hurlbert (1971) considers necessary

for the diversity index,

However, there are some disadvantages in using this
index.' It is based on the assumption that the sanple contains
all the species in the community pool and as Poole (1974)
points out, in most cases (including this survey) this is
not the case., Also Goodman (1975) and Poole {(1974) suggest
that H' is only appropriate in samples containing animals
of thelsame trophic level, The degree of clumping of

individuals also affects the value of B' (Goodman, 1975).

It is evident, therefore, that precaution must be taken

in the interpretation of diversity indices and that use should



be restricted to that of & shorthard for comparison of results.
In this respect, divers .ty indices have been widely used in

assessing pollution (7ilhm and Dorris, 1965, 1968). This topic
will be treated in Chapter 6, Shannon-ifeaver diversity indices

for each site and season are given in Table 8.

Similarityv Indices

One rezson for the use of diversity indices has been the
comparison of communities (Poole 1974), Similarity indices can
also be used for this purpose and may be more appropriate in
this case as they are often based on the presence and absence
of species and not on their abundance. They have been used

by several suthors such as Armitage et 21.(1975), Robach et ~1.

(1971) to compare streams, to ascertain the presence of altitud-

inal zonation and to determine changes in community composition

due to different forms of poliution.

Mountford (1962) reviews some similarity indices which he

shows to be dependent on sample size. He puts forward a new

formula which is less dependent on size. This is given as

I-= 23

2ab - (a + b)]

il

where J number of species common to both sites

a = number of species in n sample from one site ard

b = number from the cother site,

Similarity indices can be expressed as a matrix of values
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for similarities between samples. Hewever, when there zre a

large number of samﬁics, it is difficult tec pick which samples
are most similar. Clustering of sites according to similerity
to produce z dendrogram relating the samples provides a better

visual representation of such results.

A hierarchical clessification of sites wes worked out,
according to Mountford (1966) as follows. A table of similerity
indices wes drawn up. The pair of sites with the hishest index
were groupcd together and indices of similerity were celculsted
between this group and the remaining sites usineg ths formule of
Mountford (19656); the index of similarity between a site B and
a group ccomposed of sites A, and A, being

1 2

I (AIAZ;B) = I(AlB) + I(AEB)

A reduced table of indices wcs drawn un end the process
repeated, each time groups of highes similevrity index being
rrouped using the gencral formula for the index between groups

Al, .A.2’ S e v ess R wS Am E-nd Bl’ B2’ sesesssesae OS

1 m ~ ‘
. 22 1(nB)
mn iz 3

until the table was reduced to a single velue.
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Figpure 3, Relative importance of major invertebrate
groups in riffle samples at each site on

Sorell Creek for each season.
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Figure 4, Relative importance of major invertebrate

groups in riffle samples at each site on

New Town Rivulet for each season.
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Figure 5, Relative importance of major invertebrate
groups in riffle samples at each site op

Hobart Rivulet for each season,

Atalophlebioides spp.
Baetis sp.

Gripopterygidae

Sclerocyphon sp.

Case Trichoptera

Free-living Trichoptera

Chironomidae

Oligochaeta

Mollusca

Neoniphargus sp.
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Fizure 6., Relative importance of wajor invertebrate
groups in rif{fle samples at each site on

Browns River for each season,.
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Figure 7. Relative importance of major invertel,,,
— G..l
groups in riffle samples at each site o

North West Bay River for each season,

Key.
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Figure 8,

NEE LT

Relative importance of major invertebrat,
groups in riffle and pool samples at each
site in summer.

Sites 4c and 5a were not sampled in SUmme,
There were no distinct riffle and Pool g,
at site lc. At sites 2a and 4a the pool

were too small to be sampled.

Atalophlebioides spp.
Baetis sp.

Gripopterygidae

Sclerocyphon sp.

Case Trichoptera

Free-living Trichoptera

Chironomidae

Oligochaeta

| 1

Mollusca

Anaspides tasmaniae




SITE SUMMER AUTUMN WINTER SPRING
la 2,050 1.862 2,303 2.432
1b 1.946 2.075 — 2,426
lc 0.833 2,786 2,303 2,323
2a 1.861 1.870 1.682 2.162
2b 2.587 2.143 2.218 2,241
2c 1.378 2,218 2,033 1.862
3a 2.420 1.844 2.035 2.070
3b 2.093 2.473 é.lOS 2.529
3¢ 0.899 0.524 0.804 0.922
4a 1.869 1.725 2,089 2.042
4b 2.301 1.752 2.338 2.367
be - - 2.598 1.656
Sa - — (a)2.084 -

(b)1.243
5b 1.485 2.206 2.554 2.397
Sc 2.206 2.001 2.044 1.848




Table 8,

Shannon-Weaver diversity indices for each
site and season,

The fauna was not sampled at sites 4c and
5a in summer and autumn nor at site 5a in
spring. The values for site 5a in winter
are (a) above Wellington Falls and (b)below
the falls. For site 1lb in winter, the
number of animals collected was considered
too low (due to a spate) to calculate the

diversity index,.



o€

Ge

91

22

ot

8yl

Gz 95 GG

ay

et Qi

El

01

224

(X

514




.MOHN E92TpuT AITABTIWIS 3Iv
E9NTEA TEOTISWNN °*X9put LITIBTIWIS 6,PI0FIUNCH
Suten ‘zggT ‘pioyaunci o3 Zurpaooade ‘goydues

Ismuns 103 S$33TS JO UOTIBITIIESBID [BOTYUDIRIIIY °p 9an3]d



L6

ol

68

Qs 4l

Qe

dyy eg

qg o€

oG

3¢

B¢

£0¢

e

Bp Bl




* OIX §907pur A3TIRTIWIS 3R

t
SONTEA TBOTISWNN °X5puy AJTIBTTWIS §,pIOJIUNOK
Bursn ‘zogT ‘pirojaunoy 03 Buipiaoodw ‘saTduws

mIn3ne I0J §9316 JO UOTIBDIJISSEID TROTYDIRISTH

01 °anB1d



01l

o€

9§

e

5S¢

16

o[

6L

Qe

68

XA

7€

8LT

qc 45 °9v Qv

EY

48

eg

71

B el




.MOHN £90TpuT AJTARTIWTS 3IB
S3NTEA TPOTISWNN °*XIpul AJTAB]IWIS §,pIOJIunol
3ursn ‘zggT‘paojjuncl o3 Burpioodoe ‘saydwues

I93UTH 10J S3ITS JO UOTIBOIIISBEID [BOTYDACISIH

1 eangid



§0¢

Sl

og

[AA

661

el
BZ BG PBp
BE 4¢ OS5 gy qg oy 01




.mon 890Tput A3JTIABTTIWIS 1B
§307BA IBOTIBWNN °*X9pul AJTIBTIWIS §,pI0FIUNOR
3ursn ‘79T ‘pIoyjunop o3 Buipaoooe ‘sajdwmes

Butads 103 §9376 JO UOTIEBOIFTSEBID BOTUDIRISIH

"T1 2and1d



46

Dendrosrams cshewing the hiercrchicnl clessification of
sites using this mcthod fer ecach scengen are given in Jicure

9_120

Compuriron of Poels and Rifflces

Figure 8 ghovus that there is e difference in the faunal

cempositicn of pocl and riffle arces. Somc /roeuns cuch o3

finzopides tosmoniae, Chironcmidoc, and Cligochacts are more

common in pocls thrn in riffles. Griventerysidec cceur ncere

freguently in riffles and cther Fleccptere, that is Busthenic

spp and Teosmenonerla spn, which do not appecr in this diegram

vere rarely found in pocls. The Epheneroptera stclconhlebicider

spp and Be:itis son were found in both vnecels and riffles,

while Atrlonhlebio sv, Teemanophlcebis =n occurred in low

nunbers c¢nd predominantly in pocls,

Egzlishew end VecKay (1965), Armitace et 2l., (1974)
and Minshall (1968) also noted a difference in feauneal
composition betwecn pools and riffles, They also found more

animals in riffle samples than in pool samples,

Differences in comrosition of the founa of these hobitotco
is due to differences in current speed, depth cnd to scne
extent substrate which consisted of smaller cobbles and mere

fgravel thon rifflec,



At some sites, especially the high and low altitude sites,
it was difficult to finc true riffle and pool arezs, thz flow
being too hish at the low altitude sites and too little =t
high sites. At some of these sites, for exemple site 22, only
one type of szmple was taken. ‘ihere both riffle and pool samples
were taken, znd where there was a lack of real distinction betwecn
riffle and pool areas, similar fauna was found in both sample

types, for example at site 4a,

Altitudinal zenntion

Although only three sites were s~mrled on each stream, some
evidence of altitudinal zonation is evident, from figures 3 - 7.
However, thic is rot obvious os it might be, (except at pelluted

sites) because animals such as Anaspides tasmoniae, Busthenia spo

and Tasmznoperla son, which are almost entirely restricted to high

altitude sites, do not occur in large enough numbers to appear

on these histograns,

The similarity indices, however, show a distinct difference
between high and low altitude sites, the sites ta, 2a, 4a and 5a,
being linked by high similarity, whilst teing dissimilar to the
remainder of the sites. The remainder of the sites (except cite
3a) are all under the influence of some type of disturbance. The
fact that site 3a is not linked with the other high altitude

sites supgents that there is a true altitudinal zonation (site

2]

Ja is the lowest of these sites) ard that the szepzration is not

f

due solely to the disturbed nature of the lower sites. In winter,

site 3a is more similar to site 1a, Za, 4a and 5a than the otler
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‘sites, This may be due to incrensed flow st this time of the
year causing anirwals from higher altitudes to be flushe«d down

to this site,.

As all lower sites are disturbed, no natural zonation
was expected. Instead, sites are clustered according to the
type and degree of disturbance. This will be dealt with in
Chapter 6, The pattern of clustering was modified by the season
and by changing sampling efficiency, for example, during high
water, but in pgeneral the urban sites 2¢, 3b and 3¢ were clustered

together,

Ho Totamon (Illies, 1961) region was observed in these strecms,
as was expected from the temperature vialues and the substrate
types. Thislis tecause these streams are short, arise at hirh
altitudes and do not have 2 lowland deposition zone, in contrast

to the rivers studied by Illies (1961).

The most important factor determiningm altitudiral ronaticen
in this study is probnbly temperature, Lecauce thé temperaturs
results showed an altitudinal variation. BSubstrate type ard
flow were slso considered, tut on the basis of substrote and
flow, site 3a should be grouped with sites 1a, 2a, 4a and 5a.
This site does differ in temperature from these four sitecs,
however, {iinshall (1968) also found that temperazture was mwost

important because of its effect on life cycles,



Sersonnl vari~tion

No distinct seasonel trends can be determined f-om Tigure
3 - 7, except at site 1c¢ which undergoes recovery Trom pollution
from autumn to spring. Other changes in faunal composition
during the year may be due to changes in flow due to minor spates

and to variability in sampling.

Seasonal variation reflects the life histories of the faunal
(Ninshall and Kuehne, 1969) and special effects such a3 floods
(Allen, 1951), ‘Little vork has been done on life cycles of
Australian freshwater fauna, but z study of some mainland
Plecoptera suggests that their life histories are similar to
those of the northern hemisphere (Hynes and lynes, 1975). Tork
in the northern hemisphere, for example, that of Arnold and Lacan
(1973) and Egglishaw 2nd lacKay (1966) showed that most species,
similar to those found in Lt Jellington streems, emerge in late
spring to early summer, Unfortunately, no samples were taken
at that tiwme of the year., the first sample being taken in

late summer and the last in early spring.

Also, some of the animals collected arz non-seasonal (that
is they have a life cycle greater than one year), for exznple,

Anaspides tasmaniae and scme of the larger Plecoptera,

Hynes, (1961), found that in winter and spring there was a
decline in the numbers of some species due to predaticr. This
was not observed in this study. One reason for this may be thet

the summer and autunm sagp’oc did not cont-in wany very owenll




individunls hecause or the mesh size of the net. FHynes, (1961),
used several differnt methcds of collecting and found that by
using different mesh sizes, he altered the time of rear when
maximum nunbers were found, because lie was catching different

sized instars.

Food may also be important. In the northern hemisphere
where detrital food supply frem leaves is seasonzl, Hynes, (1961),
found a difference in faunal composition with season, the summer
fauna b2ing algal fecders =nd the winter fauns detritus feeders,
This would not be expected here, where the natural vecetation
provides an almost constant source of food.

r

Comparison of streams

As mentioned in the section on zonation, temperature which
is in turn delermined by altitude, is the main factor causing
similarity of fauna at different sites. Comparing the hirh
altitude sites 1a, 2a, 4a and 5&,sites 1a and 4a show the greatest
bverall similarity, despite the fact that 1a 1s cleser in
gltitude to sites 2a nnd 5a, Site 2a has a Jifferent substrate
to the other hisnh altitude sites anl different vegetation type.
It is also a much narrower and shallower stream, “then all of
these four sites are compared in spring, site 2a shows the least

similarity to the other hirh sites,

The importance of substrate type hws been mentioned in

Chapter 3. TFrom Fifures 3 - 7, lieoniph-rrus appesrs to be more

important ( in terus of numbers) at zite 2a. This is possibly
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due to the substrate fype. INeonipharsusz escapes the force of

the current by buvrovings into the subztrate (011ldismz, ~974) and

the substrate at site 2a is moere suited to *his,

Site 4a is at a lower altitude than sites 1a, 2a and 5a,

however, it has a similar vegetation and size to site 1a. Site

5a on the other hand is a much larger stream, both in depth and
width than sites 4a and 1a. As mentioned in Chapter 2, the

greater width of site 5a results in the incidence of more direct
sunlicht on the stream and rreatev temperature fluctusations.

The effect of this on the fauna has been investigated by Hughes
(1966), who found that vegetational shading affected the incidences

of certrin species.

From this it may be concluded that temnerature has the
greatest effect on Lhe distinction of fauna in these streams.
This effect is modified by the effects of substrate, stream

size, veretation type and shading,

Because the lower sites are influenced by environmerntal
disturtance, such as clearance of land for agriculture or for
settlement, a comparison of these sites will be treated in a

later chapter, dealing with these effects,



CLHATIZR 6 LIS AnCes

INTRCDUSTICON

Any interference with normal enviromuentsl conditions is
almost certain to have an zdverse effect on aquatic fauna
and as Hynes (1970) points out there are few streams in the
world that ars not disturbed in some way. In Durcpe, man has
hed an influence on fresh-water environwent for many centuries,
so that in many cases the exact effect of man cannot be
détermined. However, in America, wher:» the influence of man
has been wor: recent, some changes caused »y wan (such as the
clearins of land) have been monitored. fasmania is fortunate
Jn that some remote aress have remained untnuched by men, so0
trat precise information on the natural fresh-water environment
and the effect of various forms of disturbanrce could be obtailned.
ALl the I t. Jellington streams are disturbed at some ztage,

althourh the headwaters shov lezst effects.

Hynes (1963, 1970) reviews some of the ways in which man
has influenced the cdmposition of the fresh-water fauna in tie
past. These incluie clearance of ripzrian vopetztion, the
substitution of agricultursal crops for native veretation, the
impounding of streams, the canalization of streams for
navication and drainage, the abstractior of weter for city
use ard irrviration, the intrcduction of exotic species and
pollution. e factors th:t effest It, ‘ellirgion strezms are

dealt with telow,



Abstraction

Water is abstracted for city use frem both Prowns River
and Lorth Yest Bay River., This has had an obvious effect on
the flow of water below the sites of ebstraction., It is
particularly merked on North «dest Bay River where the flow
is greatly reduced. Thus although Rorth Yest Bay River at

fiellirgton TFalls is much larger than the other streams at this

[}
-
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gltitude, below the abstraction of water, it is a2 similer

in tines of normal flow, Therefore, sites 5b and 5c¢ have

similar fauna (as shown by the similarity indices) to the

lower altitude sites on the other streams, whereas, if the
natural flow had persisted, the fauna would prob-bly have had
different elements, such as increased numbers of onimals

adapted to hish currents, such as Plecoptera.

Because North West Bay River originally had a greater
flow, the total stream bed is much wider tran the one presently
occuried and as mentioned above, the shading is restricted.
This, plus the reduced depth would result in greater fluctu-
ations in temmerature, (Hynes,1970), eliminuting the more

sternothermal species.

In order to provide a sufficient depth for water intakes,
small dams have been constructed on lorth West Eay River and
Drowns River. Retention of water in this way allow the
development of lacustrine plankton (Hynes, 1970). This would
occasionrlly be washed over into the stream, but as liyners

{(1970) notes, it is gquickly elimiratcd from streams



tnother consequerce of such dams occurs when abstraction
of water is ceased, resulting in sudden incireasszs inrflow
below the dan, This would haye similar consequences to tle
effect of spates on the fauna, resultineg in the removal of
much of the fauna, (e.r. Allen 1951). However, discuseion
with a Hobart City Ccuncil worker ot the dam on lorth lest Tay

River, indicated that this is not a frequent occurrcnce.
Abstraction of water for irrigation purposes occurs at
most of the rural sites such as 1b and 1¢. This occurs mainly

in the sumrer and would only result in a slightly reduced flow.

Pire Tracks

Fire tracks occur across ZJorell Creek cond lew Town [ivulet
immediately above sites 1b and 2b, Although these are only
used infrequently during summer, the effect on the faunaz could
be quite pronouﬁéd, due to the clearance of the vegetation on
botﬁ sides of these streams. Hughes (1966) sugrests that this
results in the loss of insulation causing wider variations ir
the teriperature of the water, #lso the removal of vegetaticn
results in erosion which increages the siltntion of the stream
(Douglas, 19G7). The ambunt of runoff also increascs and this
will be discussed more fully under the gection on removal of
vegetation, The use of these fire tracks would increase these
effects. Do signs of siltation were visikle, however, presum-
ably because the rapid flow carrics these sediments further

downstream,
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Fire

Bushfires have an important effect on the environment of
Mt. Wellington. The area has been subject to periccic firing,
since man settled the area and probably btefore this, the most
recent severe fire being in 1967, when much of the vegetation
was Jdestroyed. BPrown (1972) has studied the hydrologic effects
of bushfire in the Snowy lountains in tlew South Wslzs. Some of
the observations he made are;
(1) pronounced cliznges in the shape of the flood
hydrograph.
{(11) an increase in pcak discharge,.
(iii) greater runoff in the yesrs followirg the fire than
tkere would have been otherwise.

{iv) an increase in sediment loads.

The area he studied is similar to I't, VWellington, so the
effects of fire would be similar. Thus there would be greater
floods after bushfires and the effect of flcod on the mguntic
fauna has already been mentioned. Chutter (1969) has shown
that silting effects the composition of the faune. As Brown
(1972) noted, there was a greater runoff in the years following
the fire, This is due to the removal of the vegetation, o
that as the natural vegetation returns, the amount of runoff
would return to normal. The long term effect on the fauna
would therefore depend on the time lapse between the fires and
the degree to which the faura is effected and its ability to
recover. At the time of sampling, regrowvth of the vegciaticn

had occurred to a large exte-t,
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Introducad GoHicion -

The effect cf the introducticn oi the brovm trcut, Salmo

trutta, on the distribution of fnaspides tosmanice has elreedy

becn menticned. Sloane (1976) chowed that trout in the Jordan
and Coal Rivers elso fecd on inszcet larvae, especizlly

Atalcohlebicides spp. but this does not scem to have any aeffect

on the peopulations of these invertebrotes in the lit. Wellinsteon
streams., Nicholls (1946) also noted that vhrerctcicids were
frequently found in the stomachs of irout cxomined from the

Greal Lekes sc trout may affect their distribution.

Clearcnce of lend

Vegetation actzs in meny vways to affect stream flou (Sartz,
1951). Firctly it intercents rain and snow, the degree derenaing
on the zmount and type of vegetation. The rain then either
percolates to the ground or is returned to the atmosphere by
evaporation. Vegetaticn builds up litter end husus leyers which
absorb the water and slow dewm surface runceff. Rects tzlie up
noisture frcem the soil and return it to the atmosphere by
trangpiration throuth the leaves ond stems. Thus the removel
of vepgetaticn may increese the amount of runc{f. This is
nodified by cther froctors such @s soil ond topomrathy, for
example, deep soil mayv take up the moiziure vhen precipiteaticn
is not too high. Sartz (1951) susgests that stecp slopes weuld
be morec sensitive to cover r1emoval. The effect of vescteaticon

removel on erosicn hos alrecdy been mention:zd,




Arriculture

Iiuch of the lsnd that has been cleared in the <tudy area
is used for agriculture and mostly for prazing., [Dinbert (1g60)
found that generally flow increased in areas where forest is
converted to grassland. This can be related to the amount of
weter intercepted by the leaves (Sartz, 1951) and to the usage
of water by the vegetation (llibbvert, 1969). This also applies
to most croyps to a lesser or greater externt, dependine on the

leaf cover,

Another factor in lhe conversion of land for apgriculture
is the use of fertilizers. UcElroy et al. (1975) note that
nutrient enrichment may occur in streams due to runoff from
agricultural land. Also there is an increase in salinity. This
wag observed downstream in Screll Creek and liorth West Bay River,
both of which flow through egricultural land. Sites 1c z2nd Sc
showed signs of nutrient enrichment with increased algal growth,
This was more pronounced in summer, possibly because of the use
of fertilizers in late spring, especially at site 1c¢ where hops
were an important crop. This enrichment is reflected in the
composition of the fauna. In summer, at site 1c, there was a
dorinance of molluscs as is chown on the historsram, Iigure 3.
and the diversity index was low. This topic is dealt with in

greater detail under the heading of pollution.

Urbanization

Urbarization also results in increased runceff due to the

construction of non-vorous surfaccs, such as roads and arsas of



concrete, A3z a result materials such as waste petroleum products,
wanste material from building and construction sites and other
solutes which build up ¢n thése surfaces curing dry perioeds,

are washed into the streams. OStor water outlets also enter the
streams which run through the urban areas and solid material is
occasicnally depesited in the streams. These materials enterirg

the streams can be considered under the heading of pollution,

Polluticn

The term pollution has been used a pgreat deal in recent
years but the precice meaninr, of the word is not a2lways clear.
Kleir (1962) defines pollution as anythin~ causin= or inducinsm
cbjectiorn~ble conditiors irn zny wat~-r cecurse, and thus irmp2iringe
the beneficial use of the water. However, it is essentially a
biolorical phenomenon (lawkes, 1962) and can, thersfore, be
defined in relation to its effects on the plant and =2nimal
life in the water, a2s tihie ad2ition of substances to produce
detectzlle chenres in the biotic community structure (7ilhm and

Dorris, 1968),.

There are pany forms of pollution., It may be solid or
liquid, although it is most commonly liquid pollution that hzs
the greatest effect on water environnment, generally in the form
of sewage suspension or industrial wastes, Klein (1962) and
lynes (1963) have ndequ-tely reviewed the topic of polluticn.,
However, althoush a lurge amount of study has been carriel out

on the effects of wnter pollution, most of this work Las tean on

larcer rivers rather than small streams like tlose on Lit., ellincto

v
i.w
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In the past several methods rave been used to ascess
pollution (#ilhm, 1972, Jilliams and Dusssrt, 1976). Tlese

include chemical enalvsis of the water, bacteriolorical assess-

ment and assessment of composition of the flora ar3i fauna.

In early studies of pollution, =z great de=l of erphasis
was placed on the chemical aspects of polluticn »nd ascescment
relied on wmeasurements of pll, dissovled oxyren, chemical and
blochemical oxygen derniand, total dissolved solids, salinity,
nitrate concentration, phosphate concentration znd so on, The
main problem with this is that it only gives the condition of
the water at one particular time and if pollutants ere not added
continvously, pnollution may not be detected by this method,
unless samplin- it carried out soon efter pollutants are added

(iilhm, 1972).

liore recently, the value of %iolorical assessrment has been
recognized, In general, animals and plants are much more
sensitive to chan-es within their environment than sre chemic-l
tests (Goodnirht, 1973) and bhiolosical wmethods of assessment
are based on the assumption that effluents produce distinct and
measurable effects on structural ond functional parameters of

organisms or rroups of organisms (Wilhm, 1972).

The biolorical effects of pollution can be assessed in
many ways. The idea of indicator syecies has been used & rreat
deal, Several croups of invertebrates such es olicochaectes,

rollusce and chironomids have ‘been used as indicator srecies.



Harman (1974) suggests thnt indicator srecies siould possacss
certain choracteristics, that is, they schould be ensil; idertif-
iable, they should ke abundant in their preferred habijitats
througliout »a large gerographicel region, they chould be indica-
tive of the same conlitions throughout their range; they

should possecs a relatively lons 1ife span and they should be
comparatively sessile so that they cennol easily avoid a stressed
environment, For tuls reason, the ahove invertebratc sroups

are often used,

As mentioned in Chapter 5, diversity indices have been
used to describe community structure and this use has been
'extended t2 the change in community structure due to pollution,
(7ilhm and Dorris, 1968), This use is based on the assumption
that larre numbers of individuals and swall numbers of species
are found in enriched areas of streams receiving organic

wastes, while in clean-water areas there are sraller numbers

D -
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None of the siles studied were characterized by low

oxyren levels and B,0.D. values were indicative of c¢lean water
(Bayly and 7illiams, 1975), despite the fact that sites Zc and

3¢ are in wrbon areas end 2c¢ is downstrecam from the Eaker's

kilk Factory and 3c is downstream from the Cascade Erewery,

This may be explained by the hirh current speed =nd turbulence

of the water at these sites, Also, these sites are some distance
below these factories and Hynes (1963), notez thrnt milk wastes

decompose rapidly.
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The effects cf runoff and stormwater outlets vwould censtitute
e mild forn of pollution which would not lcad te rernid deoxysen-
avion nor wculd it hive a hish loadinzy of phesphates, nitrotes cr
other ions beczuse of the amount of c¢ilution involved. Hewever,
eccumulated solutes on areas of concrete etc. after dry periods

would constitute o sirmificant centributien to totezl icnic

concentration with short bursts of rein.

Sites lc¢ (Summer), 2c, 3b and 3c were characterized by the
prcsence of large numbers of either molluses, oliscchoetes eor
chironomids. These groups of znimels were found at meny of the
other sites. Harman (1974) suggests that the cbsence cf "clezn
water” specice (such as Plecopteras ond Ephemeroptcra) is 2
beticr indicsticn of the weoter conditicns than the prescnce of
tolcrent ones., This zlso involves vproblens, such us restricted
ranges cf sowe of these species, the variable tolerznce cf
these species (Robocl, 1974, suggest thet many inzects may be
quite tclerant to pcllution) end the difficulties cof identificction
of miny of theuse specics by eother then experts. Althouch
oligeochaetes and chironomids may a2lso be difficult to identify
esnecizlly in fustraliz, they usually occur in lcrse nunbers
in rolluted wators and the number of species is usuelly rceestricted
in these cases so that in many ceses identificetion to fenily
level is adequote (Willicms and Dussart, 1976). Sphemeroptera
and Plecopters, which vsre proesented ot unvolluted sites, were

larzoly aboent frem cites le (Summer) 2c end 3¢, and were rerloced

by lorge numbere of cliscchocties, molluccs end chircnenids,



Using the ranfe of volues for Shannon-%ezver Indicec sucrected
by Wilhim ond Dorris (1953}, sites lc (Summer), cnd ¢ zre heavily
polluted and the rcmaining cites ere mederately polluted. Inhaber
(1975} notes thot generally &« grecter number of wpecizs 32017 :s
an zcolagically heelthicr arce and thot 2n increazse in pollution
nay result in the remcval of some specles but that thece ere
merely generclizrtions, $Similzrily, Roback (1974) peints cut
that elthoush an undomaged streem is one which supperts o diverse
and bzlanced fiuna, the physical structure and ¢veilable hobitots
must be considered in mokine any evelucticn, He surgrests thet
beclrreund studies of rimniler strerm ceoctiens whose sourcer and
amounte of ccntamiﬁﬁticns cre 'movm ore necerscry Tor cenrerizen.,
Thus the lew volucen of diversity in thie study ere mest lilkely
duve to the hersh ccenditions, such as periodic fires and sccourine
conditicns of the envircnment as fcund by Hendricks et 21. (1974)
in a2 similer study. For the meaningful u:é cf diversiiy; indiccs
further studies heed to be carricd outl cn the effects of knowm

pollutants in such envircnrmcents,

Clustering techniaues using similerity indices heve been
used by Robeock et el. (1969) snd Kaectler et 2l. (1971) to
grcup sities effeceted by pcllution. This methecd assumes ¢ cchmon
chenge in community structure due to the addition eof pclluteants,
resultin~ in 2 clustoring cf rolluted sites sepsreils frem
"clean sites”. In the prescnt anelyszis, the pclluted urban
sites were generally clustercd together. Jlovever, thic methcd
dcos not determine which sites sre polluted and roquirns a

itnoviledgo of tho cxistence cf polluticn. I% docs, houcver, sfive



an idea of the effect of a pollution source on » particular

community.

From the above discussion, it is obvious that the urktan
sites are polluted to some extent. Harman (1974), Williams and
Dussart (1976), emphaciscs the danger of over-reliance on any

one nethod of assessing pollution, and therefore the physical

and chewical characters of the environment as well as tie tiological

component should he considered. In this case, a reliance on
chemical factors would have suggested that none of the.sites were

polluted but composition of the fauna indicates that they are.

In genzrel, addition of organic pollutents results in the
increase in saprobic micro-orsanisms which cause deorvgenation
bf water, thus resulting in the death of orgenisms such as
Plecoptera and Crhemeroptera which require hirsh oxygen
corcentrations ard allowing organisms such 'as certain olico-
chaetes and other animals that can exist in low oxyien concentr-
ations to increase in number. In this study, although there
was no observed deoxycenation, there was an otserved clanze in
fauna similzr to that described above‘at several sites. At
sites 1c, 2c and 5¢ there was a large amount of szlgzae growing
on tre substrate and this trapped fire sediments. iynes (13966)
notes that in well oxygenated waters, mild polluticn supplies
nutrients which result in a change in algel growth rather tizn
deoxy-enation and growth of sewage funrus. This results in z

change in fauna because the glgae and settled solids interfere

with the holdfast wechanisms of these anirals, which depeni on



smooth clean surfaces.

It appears, therefore, that the sites 1¢, 2c¢ and 3¢ were

subject to mild pollution only. This is supported Ty the lack

of Tubificidane and sewage funrus at these sites. Drinkhurst ard
Coole {1974) note that althou.h lumbriculids replazce tubificids

in stony streamsg, tubificids occur when there ic sufficient huild
up of silt and organic matter, due to pollution. These sites were
never the less characterised by a marked chanse in feguna, showinc
that even mild pollution in stony streams can have a significent

effect,

In cummary, the ohtszrved charng~s in faunal structure at thc
urban sites may be du= to:

(1) The 22dition of nutrients causing increesed algal
growth and smotherine of the faunn,

(2) sedirentation, also resvlting in smothering of
organisms anl encouraging burrowing animals such
as olirochaetes,

(3) occasional deoxyrenztion due to increased fungal
growth, removing oxygen dependant animels with slow
recolonization,

(4) occasional pollution evenis such as accidental
discharpge of sewage, as indicated ty high colifornm
counts, or runoff from paved areas, resultin? in

increaszes in solutes,
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CHATTIR 71 Gails AL ZISCUSSICH

Cne of the feztures of the I't. Wellinrcton stree: Faura,

evident in Chapter 4, is the altitudinal zonation, particularly

the presence of a distinct nountain fauna, ircluding Susthenia

SPD., Meonivharmus sp and Anaspides tosranize. lvnes (1€61)

also noted that scme species were confined to the higher
altitudinal headwaters of the Afon Hirnant, ‘/ales, and he
explained this in terms of food availability and ability ‘o
mrintain position in fast flowing conditions, 1In the ILt, Nellint-
ton streamws, the zonation arpears to be due mninly to the effects
of tempernture, since site 3a, which has simrilar veretation,
substrate and flow ftype, but slishtly hi~her summer temperature

to sites la, 2a, 4a and 5a, lacks this hirh altitude fauna.

Finshall (1968, 1969) notcd that there wes a predominance
of Tlecoptera in the headwaters of lNorran's Creek, Kentucky,
However, tlie characteristic feature of the higher altitudes

of the Iit, Wellinrton streams is the presence of lleoninh,rrus

sp and Anaspides ft-smaniae which do not have counterparts in

the nortrern hemigphere.

Another noteworthy feature of the fauna of Ut., VWellington,
in general, 1is the high proportion of endemic species. For
example, of the 12 species of Flecoptera collected, all are
confinzd to Tasmaria, Iany of the Crustacea of the area are
also endermic and a further knowledse of the other invertebrote

groups would, doubtless nshowv ~ hirli decrec of eniericity in these
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also,

Neboiss (1977) notes that 745 of the known Trichoptera of
Tasmania are endemic. A similar proportion is found in the other
aquatic insect gzroupc, for example, 829 endericity in the Tasmaninn
Flecoptera (llynes, 1976). lieboiss (1977) also found tlat the
greatest proportion of endemie Trichoptera occur in the nortr-
wvest and souvth-west of Tasmania. This surpests that the
uniquencss of Tasmanien aguatic .fauna is related to climate,
since the western part of the state experience hign rainfall
and cool temperatures, while the east is relatively dry znd
warmer. The mountains of the Central Plateau, ard the south-east
including I't. /Wellington show more affinity with the west than

east, in vicw of their hirh rainfall,

Past envirommental conditions, such as climate, have also
had an important influence, lNeboiss (1977) notes that during
the last glaciation, when a leand bridge joined Tasmenia to the
mainland (and also provided a fresh-water zonnection tetween the
two land masses, ) the climate of tie eastern part of Tasmania
vas similar to that of the south-eastern part of the mainland.
This has resultcd in the occurrence of the same species of
Trichoptera in the two areas, and different species in the
western part of the state, including the Central Flateau and

It, Wellington,

In discussins~ the Plecoptera, tiynes (197€) sugrests thet the

reason why such a small rrorortion of specles crossed this land
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bridge between Tasmania an? the mainland may be that durin:
periods of separation of tie two land masses, the Plccoptera
fzunas evolved separately in Yasmania =nd tle mainlzand, so thot
when mixine becare possible, tlie niches were mostly filled and
firmly held. He also considers that the similarity in climate
between eastern Tasnania and south eastern fustralia is important
and notes that the species common to both areas are warm water

species in Victoria,

If these theories are correct for the Trichoptera and
Plecoptera, it is likely that they apply to other insect groups
end possilly to the non-insect grours alse. In fact, Willisms
{(1973) suggests that the reason for limitetion of the presert

distribution of Anaspides tasmarize to mountain areas of

Tasmania, is that there is at prescnt a relative scarcity of
suitable hrbitats on the mainlend and also the differences in
past and present climates between the two rerions. Ilie also
suggests that the degree of endemicity of the fresh-water
gammafidean amphipods in Tasmania may be due fto the presence

of more permanent stahle fresh waters in Tasmania,

Although the faunas differ at the species level and in
some instances at the reneric level, {for example, sore Pleconfera,
Hynes, 1976) between Tasmania and the mainland, in riost cases
the genera are siared. In fact, Hynes sugrests that there is
reason to doubt the validity of some generic sernrations in the
Tlecoptera, ¢.5. the distinction between the Tasmanian renus

Eﬁfjbﬁﬂii and the mzinland Tustheniorsis.




The zcogecsrephy of the llecontera, {Illiez, 1955), the Cphemerc—
ptera (Zdnmunds, 1972) #nd the Trichopters (Pces, 1557)

shows the affinities ¢f the fresh-water frunas of Austrelic,
South America end lew Jealend, reflecting pravicus lond connict-
icns betweon thesc arcas. Rick (1967) zlso remarks on the

marked similarity betveen the Ephemeroptera of fustralic, Feu
4ealsnd and South Americe, and !'cLellen (1971) notes that tke
Gripepterygsidac, which comnrisoed o lerse pertion of the founa
collected on It, Wellinston, erc rectricted te fustrclia, New

Zoclond 2nd South Americe.

Hynes (1970, 197Ca) notes that the temperate rheophile
insect frune shews world-wide uniformity with the sime femilies
same life foruz and often the same genera. licwever, isoleted
land magsesz, such s Ausiralic, often have an imroverished
fauna because of dispersal prcblems, znd therc is ceme dichotony
between the fauna of the ncrthern ond southern hemicpheres. Thio
is cspecialiy true cf the Flecontern. Thus, 2lthcush ths founz
of the lt. Wellingston streams is similer in appecrence to thet
found by Arnold and llacan (1973) and Hynes (1961) in Surcpe and
Hughes (19662) in South Africa, it hes few tawonomic #ffinities

with thege fzaunoe bolcew the ordinol level.,

Hielkk (197C) rotes the zbsence in the scuthcrn hemisrhere cf

ez whole cuborder cf the Flocorters, the Terlaria, vhich are feuad

in the nerthern hemicrchere. The Plecopters chew o reotricted

northe>n or southern temperate uz:nes, Illiec, (1257). The



southern hemisphere families, especially the sustheniideae

are of ancient lineare and Illies (1965) surpgests thet the
Plecoptera probadbly originzted on a cortinuous scuthe n land
mass, including the present continents Australia, South
Americe and Antarctica, and progressively evolved and mirrated

to the northern hemisphere,

The poor disrersnl abilities of the Ephemeroptera are
evident from the restricted Australian fauna and Riek (1970)
sugrezts that most ‘ustralian specics belons; to generalized
farilies, This has resulted in the diversification of these
familles in the northern hemisphere, This is particularly

evident in the Leptophlebiidae, (Bdmunds, 1972),.

This phenomenon has also occurred to a lesser degree
in the Trichoptera (Riek, 1970) in Australia, where they are
represented by all but one of the major, more universally
recognized Tamilies. However, as Ross (1967) pointed cut
many elements of the present fauna of Australia, Hew Zealnnid
and temperate South America have not vet been studied in
relation to the world feuna and this still holds to a large

extent.

The taxonomy of the species indicative of pollution is
poorly known in Australia, however the general effects of
pdl]ution in the ﬁt. Jellington strenms appezrs to be
similar to that fouri in the northern hemisphere (e,-. Kleirn,

1662, Hynes 1663), with the game families dominatine the
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fauna in polluted resches., Thig study hes shown that the
rheophilc fauna is rreatly effected even by mild peilutien,

such zg that resulting from city runoff cnd sicrmvater drainc.

The diversity indices at 21l sites irrespecitive eof pollution,
were reletively leou compared writh the rcnoe given by Wilhm
and Dorris (1968) and ¥ilhm (197C). Hendricks et ol. (1974)
suggests that low indices in clean waters mzy be dus to the
hargh environmcnt of the strerm, that ig, hish znd low
periodic flews, heavy organic flows, coarso sandy bottors etc.
eliminatin= a leree number of vrobable habitets. They succent
further thot this mey result in either very herdy (sic)
orgenisms which will be able to withetond exposure to nelluticn
or on the other hand, the orgrnicms mey be in the precerious
positien of beinsz barely ablc to tolerate the normal conditicns
cf the stream sco that they are rcemoved by any stress imposed

by polluticn.

Beczuse cf the periedic occurrence c¢f fires and reculcr
floedinz, the 1't. Uellin~ton stireoms cen bz considered a herch
envircnment. In the lower rcaches of the stresms apporently
mild pollution has hzd a severe effect, so it zppeorz thet
the second proposition of Hendricks et 21. (1974) ic the casc
ot least in the lower reaches cf these streoms, Thus, preceauticus
should be token in any develepment thet moy tcke place et

hi~her altitudes.
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Althecugsh there ave at present no specific plens feor tourint
development o¢n Mt. Hellingtocn, in the post plens heve been
proposed for the building of a hotel and = restaurant at the
pinnacle. The lest plan for a restawrant was prerocoed four years
ago (J. Thompson, Mt. Wellinoten Rance Suwrvey, personzl communic—
ation). Ctiher possible developments include picnic arees, tcilet
blocks, cerpariks, poths and roads. Any of these develcrnents
could have deletecrious effects cn the generzl ecolosy of the

arecs, including the fauna cf the streems.

Cne ¢f the mest important problems in the construction of a
hotel, restaurant or tcilet blcclts would be the disposal of
westes. As Russell and Clarke (1977) point out, thc develcpment
of sewage systems hicher up the mountein would be difficult
and expensive and diswrcsel of weste materiel into the
swrounding streams would cpruse unpleasant cenditions and
dostroy the fresh—uater fauna ns it has in the urben sitcs,

This would be highly undesireble egspecially beccuse cf the

uwniqueness cf this faunz,

An increese in paved areas due to construciion of roads,
car pncrks and peths weuvld rocsult in increcsed runoff and
additicn of solutes to the streems of the ercr, ag discussed

in Chzpter 6, in rcsvnect to the urban sites.

Jith rrioter numbers of vpeonle visitin: Mt. wellin-sten,
ther. is crecter fire risk, Leke and Fnott (1972) note thot

the influince of grouing ond fire heve cruccd » reductien in

[



tue bog aren of thz Central Flateau., The drnivace from these
bﬁaS in tie past rointained su-wer flow in creaks which zre ros
semi-permnvent, and, therefore, unsuitahle for stresm-dwellins
custaceans «nd many insects. As lorth ieost Day ‘iver is fed
from sinilar bog areas near the summit of 4., Jellinrton, the
effect of fire and tranpline of vegetation by sicht-seers,

which could disturb trese bogs, should be xept a* a winimum

to preserve them,

The fauna of the 2t, ellinston streanrs is unique to
Tasmania, s a mountain res-rve, close to the city, Lt Well-
in-ton, therciore, offers a groant deal as 2 resource lor
biolorical study, and every attempt shoull be male to conserve
it, From tle inTormation gained in this study, this will
irvolve careful planrinz before any listurboncees are made

to the surrounding ewvironment,

12
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The Fauna,

Species lists of invertebrates
collected in each sample for riffles
and pools at each site and scason.
All insects are larval forms, except

where otherwise gpecified,



)

Fatil

pmeroptera

jJophlebioides spl.
" SPZe
n Sp4.

otis spl.

goptera

gthenin ccstalis
smanopcrle tholia
lervalis '
inotoperles hurdyi
egricele

yppturoperla peradoxe

lsoptera
iderccyphon sp.

ichoptcra
glicepsychidae
pptoceridce spl.

" SPCe
tilorheithridae sple

htera
bironomidae
bscidae
imtdlidae

wstocea
mecrida

mepides tesmeonize

phipoda
leonipharpus sp.

hechnida
draczrina sp.

ligochzeta

SITE
1/3/71
Riffle
1. 2- 3- 4.

7 5 4
1
303
1
2
1
3
6 3 3
T 1
1
13
1
2

Pool

1.

2-

ny N

oo

n =

3.

=

4-

1/6/17

Riffle

J..

2' 3-

Fcol
1.



i

secta

pbcmercptera

flophl cbioides spl.
i epd.

optere

wthenia spectabilis

L eostalis

pmenoperla  thalia

, lervalis

jekoperle triloba

pdioperle nigrifrons

gpioperla varia

isontera
slerocyphon sp.

fchoptera
lmephilidze
moesucidae

iplera
hironomidae
jmbiceladus
fiscidac

fnulidae
ﬂepharic eridac

nmsteces
peerida

hispides tasgmaniee

phipode
Yeoniphcrgus SDe

ligochaeta

8119 1a

2/8/71
Liffle
1. 2. 30 40 5.

1
2
1 2 1
1
1
1
1
3 2 2
1 2

16/9/77
Riffle
1. 2. 304.
4 7 1
5 1 4
2 1 3
1 1
1 1 2 5
1
1 1
1
11
3 1 4
2 7 3
;
2
1 1
1

(%2

N

=

81



P

fikA

I)‘lsec a2
“wmeropt01a
ﬁtlovhlob3c1de~

n
1"
paetis spl.
" spl.
jtalorhlebicz spl.
n Sp2.
fasmanococonis sp.,

lecoptera

f. costelis
leptcrerla veria
rrinctoperla
T, zvicki

P, agricola
rolecptera

Sclerccyphon <p.
Helminthidae

frichoptera
dydropsychidee
L]

Rhyacephilideae
17

Stenopsychidae
7"
Philopotamidae
G(lossoscmatidae
Helicovsychidae
foncesucidco

Leptoceridas
n

epl.
Eple
" 503

Iimnephilidae

Dintera
Chircencmidae
Muscidae
CWicidee

(rustacea
tmphipcda
Neoniphar us sp.

Arechnidn

Hydrocerine sp.

(lizochrecta

spl.
5D,
sp3.
spd.

Tesmanophiebi:d sp.

fusthenic spectzbilis
Tfasmanoperla larvelis

terdioverla nicrifrons
Rietoperla triloba
hardyi

spl.
spe.
spl.
sp.
spl,
sp2.

nJTr] J 1b [

’f73/(7
Rifflc
1., 2. 2, 7. 5,

3 31 2
51 2 4 5
2 1

2 1 3
e

1 2
2 2 2 4 1
1 1
1
913 6 4 3
1 4 1
2
>
2 2 1 5
2
331 4
2 3 1 4
2
4
1
1
1 3 4
1
21 3
33 43 41 42 48
1
1
1 1
1

Pocl

1. 2. 3.
4
1
2
3

1 1
1 2

1
1
2
1
3

1 2

1 2
1

1 1

1

7 T 124

1

31/5/77
Rifile Tool
1. 2. 3. 1. 2.

2
1
4 1
2 1 3
1
1 1 2 1
1 1
1
2 1
1 1
1 1
1 5 1
9 717
18
1
2 6 1
3 2

4 10 13 32 52 12

2

[



DATD

TrXA

Insecta

Ephemeroptora

italophlebicides spl.
1 sz.
u Sp3.
] Sp4.

Bretia spl.
TPagmenocoenis sp.

Plecoptcra

Busthenia spectabilis
E. costalis
leptoperla varia
Riekeoperlz triloba

Cardioperlae nirifrons

Trinotoperla zwicii
T. hardyi

Coleoptera
Sclerocyphon sp.

Trichoptcra
Gloszoscmatidac
"
Relicorsychidoe
Hydroptilidae spd.
Limnephilidae
Leptoceridee spl.
Concegsucidae
Hydropsychidae sple.
" SpPZa
Rbyacophilidae spl.
" SPCe
Stenopsychidee

Dipterc
Chirgricnid-.e
Culicidee
Muscidee
Tipulidae

{rustecec
Amphipoda
lieonipharsus

Cligochereata

liellusca
Potrmopyrmus

%]
'd
.

larvae)
pupae)

SITE 1b
29/7/77
Riifle
1. 2. 3.
1 1
1

1
1
1
1

16/9/71
Riffle
1. 2. 3.
2 1 7
3
1 2 1
2 1
1
31 2
1 8
5 4 8
1
4 2
5 1 7
20 8 34
21 1 13
1 2 1
1 12
14 12 14
P
1
1 1 9
1 3
1
1
3 16 14
1
1 4
1

P

(ool V)

[AVRNS)

13

-1

RN O\ o

21
19

2
)

b=

Lt =1 o

19

I



SITS lc,.
DATL 1/3/11

Riffle

1- 2- 3. 40 50
TLXL
irsecta

Ephemcroptore

ptalephebioides spl. 43 8 20 1310

n sp2. 121515 1 10
i Sp_’). 6
n sp4.

Baetis spl. 5

" Sp2. 1 4
Atalophlcbia sp. 1
Tasmenocoenis sp. 1

Plecoptcrea
Tasmenoperla
Rickoperla triloba
Trinotcperla zwicli

Colecptere
Sclerccyphon sp. 1l 9 4
Trichopterao
Hydroptilidece snl, 1
11} sz. 1
Hydrozychidae spl. c
(1 Sp2¢
Rhyaconhilidze sp.?2 5 2
Helicopsychidee 31 5 3 1
Conoesucidaoe 2
Leptoceridce snl. 315 6 1
" sp3. 19 1 6 3
Limnephilid-e 1
Philorheithridas spl. 5 4 3
" SpPea 1
" Sp3. 1
Diptera
Chironomidce 4
liluscidoe 1 1
Culicidre 1
Simwlidne
Arachnida -
Hydracarina 3 1
Cligcchaeta
Mollusca

JPotamepyrus 501 455 210 106 140

31/5/77
Riffle
1. 2. 3., 4.
301 3 1
11 6 2 11
6 2 1 1
9 4
2 2 6
2
1
2 1
35 1 2
1 1
10
1 2 2 2
13 6
10 3
1 2
6 20 22
3 4
1
3 2
1 1
1 z 5

84



SITE 1c,

DATE 29/1/11 16/9/77

Riffle Riffle

1. 2. 3. 4. 5, 6, 1. 2. 3. 4. 5. 6.
TARA
Insccta

gmphemercpicra

stalophlebioidos spl. 3 6 112
" spl. 2 4 1 3 2 2 11 817 8 24 14
" 5p3. 1 5 1 1 9 15 13 10 16 14
" sp4, 1 6 4 4 213 2
Bzetis opl. 1 7 21016 2
" sp2, 2 1 1 5 6 9 6 4
plecoptera
Tesmanopetvls larvalis 1
Iinotoperla sp. 2 2 1 1 1
Rickoperla trilotb:: 2 1 6 1
¢ardioperla nisrifrons 1 1
Leptoperla varia 2
Colecptera
Sclerocyphon sv, 1 2 1 1 5 4 2 6 3
Helminthidee 1
Ielodidee 1 1
Trichopterc
Philorheithridae soil. 2 3 1 1 2
Hydropsychidze spl. 1 1 2
" Spl. 1
Heliconsychidao 8 4 3 2 1 1
Limnephiltidas 5 §5 2 2
Rhyacophilidae sp2. 1 1 1
liptera
Chironomidae 3
Tipulidee 1

Jlpocheeta _ 4 2 2 1


file:///lebloides

SITE 2a,

PLIE 4/3/71 31/5/71
Riffie Riffle
1. 2. 3. 4. 1. 2. 3., 4.

Tk

Insccta

gnphemerontera

Melenhlebioides svl. 3 3 1 13
" 392. 1 l

" spd. i 2

Plecoptera

Tesmenoperla tholia 6 4 2 1 7 8 4
T, lorvelir 4

cardioperla nicrifrons 2 210 6

Trinctopevla herdyi 34 4
T, agricola 1 3

(oleontera
gelerocyrniion Sne 5

rrichoptera

Iydreptilidec an3, 1 1
Conoesucideo 36 45 6 4 49 12 15
leptoceridee sp2. e

Dintera
Chircnomidasz 4 2
Muscidee 7 A 4

Lt

Crustoceez
Syncarida
Anpspides tosmanioe 8 2

tnphipoda
Neoniph: r—us sp. 13 2 4 1 6 1 3

0ligochacta 2 2 3 1 2



pAT

A

Tneecta

Ephemerortera

ptelophlebiciden onl,
spi.

tlecoptersa
Tesmenoparle tholiz

gardicrerla nigrifrons
Leptoperlsa varia

Trichontera
Limnephilidae
leptoceridae snl,
Hydroptilidaec =pl.

Diptera
chironomidao
Fuscidae
Culicidac

Cructocen
tmphipoda

Neonirharmsus sn,

0ligochaeta

8311 2o,

2/8/711
Hffle
1' 2' 30 4- 50

1
2 3 929
5 115 1
11 3 612
3 2

23 57 11 25 16

3 1
1 4 4
15 2
112

13/2/77
Rifile
1. 2. 3. 4.
& 611 11
4 5 8 3
1 7 7 6
2 5 4
15 g 20 2
1
1 2 1
1 1 1
5 4 1
1
2 4 5 2C
2 2

5. 6.
1 4
T 2
10 5
11 12
3 1
8
e 2
4 3
12 1

87



1

sgcti’-

peroptere

ylopnlebloides spl.
" SPE .
n SPB .
] Sp4.

;ﬂtis Spl'

plophlebia sp.

goptera

stheniz spectebilis

, costalis

spziioperla lervalis
qdioperla nisrifrens

koperle trilobe
gnotoperle zwiclii

JeopveTa
plainthidae

jchontera
yydropsf.ychidao spl.
|hya007.-hilidc.e apl,
senoczychidae
Joscosomntidec
plicopsychidce
meccucidoe
gploceridae srl,

" 8D

" SD3

" Snd.

tilorheithridae spl.

iptera
hironcmideoe

nstaces
mphirode
feonipher Tus

lgochceta

illucca

fotemonyrous sp.

5/3/71

Ritfle

1e 7o

2 1

302

e 2
z

1

2 1

8

4

1

5

1

1

1

3.

ny RS

N =

Pool
1, 2.
5 1
512
1
1
2 1
1
101
3
2 10
1
2 2

18/5 /77
Difile
1. 2. 3.
1
1
3 8
1
1
2 1 2
1
37
2
2 2
1 1
1

Fcol
2.

ny

3

o0

88



SITE 2b,

PATE 26/1/11 15/9/17
Riffle Riffle
1. 2. 3. 4, 5. 6. 1., 2. 3. 4. 5. €,
T
Incectao
mmomGTOptera
ttelophlebicides spl, 4 1 3 3y 2 2
" spe. 3 3 1 2 1 2
" BP3. 2 4 4 1 2 1 2
" epd. 1
Pectis sp. 1 1 1 1 1 1 1
plecentera
fusthenic ccptalis 1 1 1
riekeperla triloba 4 3 3 1 115 1 3 1
Cardioperle nirrifrens 1 1 1 2
Leptoperla veria 2
Trinotoperls zwiclii 4
fricheptera
Limnephilidee 1024 4 1 2 T 11 4 9 1
Concesuecideac 1 2 4 1 2 1
flessoscrmotidee (larvee) 5 6 4 12 111 9 113
" (pupee) 1 2 4 7
Rhyocophilidoe spe, 1 1 1 1 2 1
Hydropsychidee zpl. 1 &6 ¢ 1
" Spe. 1
Tasiriidze 3 2
Diptera
Chircnomidece 1 3 1 4 2 1
Tipuvlidac 1
Culicidae 1
Crustecea
Mmphincdz
tleonivharmus sp. 1

{licochzetn 1 1



P2 T1s

T/ XA
Insecta
Eohenieroptera

ptelophlebioides
11

“nmn

ldr]
ol o)

W RO E2
L]

*

Bactis cpl.
" sp2,
Atalephlebic cp.

Plecoptcra

Tasmanoperla
Cerdioperla nigrifrons
Trinotoperla herdyi

foleoptera
Sclerocyphon sp

Trichoptera
Hydroptilicdae sp2,
Hydropsychidas spl.
Rhyescophilidee spl,.

1] sp}.

Helicopnychidec

Leptoceridee apl.

Dintere
Chironcmidae
Muscidae
Tipulidze

irachnida
Hydracarina

Cligochacte
Lunbriculidae
Gther

SITH 2o,
e8/2/71 30/5/71
Rifflo Focol Fiffle
l. 2. 3. 4. 5. le 2. 3a 4. 5. l, 2. 3.
1
1 1
1 301
1
6 6 5 3 1 1 1 1
1
1
1 1 2 2
1
1
l .
1 2 1 3 1
1
1
3 8 2
1
1

o8 33 18 21 11 231
1 6

45 20 15 14 6
1

2 4 1 2 12

90

Fcol
1. 2. 3.
1

1
4 6
3
1

2
2
1 2 1
8 14 17
1 3



DATE

TAXA

Insect:

Enhemerontera

Atalophlebioides znl,
" SPB-
" spd,

Baetis sp?.

Plecoptera

Tesnanoperle lervalis
Cardionerla

Riclkoverla trilclha
Tognonocera bifoascirta

Colecontera
Sclerccypheon op,.

Trichoptera
Glossocomatidae
Cdontoceridee
Dhyaconhilidre oo,
Hydrovnaychidre sp2.

Diptera
Chircnomidae
Tipulidee
Culicidee

Clircchocte
Lunbriculideze
Cther

lMollusce.
Potmnopyrous spe
Bulinug «mn,.
Fettencziun or.

SITH 2c.
26/1/17
Riffle
1.2.3.
1
1 1
7 611
1
1 1 1
1
2 1 1
5 1 1
1
12 15 40 6
13 4
4 2 5 4
6 20 6 8
1 1

20

O =3

-

N

15/2/117
Diffle
1. 2- 30 40 5¢ 6.
1 2 1
1
1
6
120 1 1
4 195

83124 4 7 8

1 1
1
1 8 6 1 1 1
2 1 1 2 5 4
1
11 5



SITD 3e.

DTS 2/3/11 21/5/11

Riffle Pocl Rif{le Fool

1, 2. 3. 1. 2. 3, 1. 2. 3. 1. 2. 3.
TiXA
Insocts

Bphererontera
Ltolephehloides «»l,
1" ‘C-:p2.

[Re RN

Bactis &1,

" SPE. 2
Atalophlebia sp. 1

Pleceptore
Busthenie spectabilis
E. costaelis 1 1
Tesmancperla larvalis 1 2 2
Cerdioperla nirrifrons 2 1
Trinotoperla agricola 1

N
!
=

Coleoptera

Sclerccyphen so. 1 1
Helodlidae 2 1
Helminthidee 1 2 1

Trichoptera
Rhyccophilidae spZ. 3
Glossosomatidae
Helicopgoychidee

“Leptoceridee spl.

n Sp4. 2
Philorheithridae spl. 1
Limnephilidae , 1 1

29 9

= S0
by

Diptere

Chircnomidae 5
Muscidae

Tipuiidzae

Simulidae 6

= o=

==
-

I

-3

i

—

Arcchnida
Hydraczarina 1

Cligochaeta 2 1 1 2



DATE

TAXA

Insecta

Ephemeropters

Atalophlcbioides spl.

" sp2.
n- SDB-
" spd.

Baetis spl.

Plecoptere

Bustheniz cpectabilis
Tasmznoperla

T. lervalis
Cardioperla nisrifrens
Rieltoperla triloba
Trinoperla zwiclii

Colcoptera
Helminthidae
Helodidae

Trichoptera
Glossosomatidae (larveae)
" (pupze)

Helicopsychideoe
Linnephilidac
Concesucidas

Tasimidoe
Hydropsychidce sr2,
Rhyecophilidce spl.
Leptoceridae spl.
Calamatoceridas

Diptere
Chironomidac
Tipulidae
Ceratcopogenidae
Muscidie
Simulides
Blephoericerideoe

Crustocean

Amphipcda

leonipharsus =D,

Oligochaete

21/1/17
Riffle
1. 2. 31 4' 5! 6'

1 1
1
1
1 7 1
1
2 2
1
1 1
2

3 7 110 1 13

1
1 5
5 2
1
1
50 3 10 4
7 1 1

2 2

14/9/11
Riffle
1. 2. 3, 4. 5, 6.

6 2 1 6
5 1 1 1
1 2 1
1 1 5
1 5
2 1
1 4
2 1
1
2 1

14 2
3 1 4 1
1 1
1 1
1 2
1
1
1
23 1 17 2
1
1 3
1
2
2 3

93



SIT2 3b

DAT:S 2/3/17 25/5/11
Riffle rocl Rifile Fool
1. 2. 3. 1. 2. 3. 1. 2. 3. 1. 2. 3.
PAXA
insecta
phemeroptera
Atelophlebicides snl. 1
" 5p2., 2 4 1 1 2 6
Bactis spl. 1 1l 2
" Spl. 1 3
Malophlebic sp. 2 i
Pasmencphlebia sp. 2
Flecoptera
gusthenis costalis 1
Tesmanoperla thelia 5 1 1 1
Te Jorvelis
Cérdionerla nigrifrone 2 1 2 1 2
Trinotecperla swicki 1 1 4
foleoptera
Sclerocypheon <p. 2 4 3 2 T 7 2 1
Helminthidae 2 4 3 1 6 3 3 1
Trichoptera
llydroptilidae sp?Z. 1
Hydropzych. dce spl. 4 1 2 4
" BDC. 14 1
Philorheithridae sne2. g
" SPoe & 17
Rhyrcophilidoe op2. 2 1
" SD3e 2 2
FPhilopotonidae 2
Helicopsychicdee 1
Conoesucidaze 2
Leptccerideze spl. 1
n sp2. 2
" sp3. 4 4 1
Limnephilidae 1 b9 1
Diptera
Chircnemidae 1 20 4 8 2 32 8 2 4 23 10 4
Culicidee 1 1
Tipulidas 1 1
Arochnida
Hydracarine =pe il 1
Clirmechaeta
Lumbriculidee 37510 9 12 23 10 2 12 4 3 3
Yollurcr
Fotonoryr s €, 2 813 511 915 11 2



T AR L
Insecta
tphenmercoptere
Atelovhlebicides:
"

Boctis snl,
" SP?-'

Plccontera
Teoncnorecrle lervelic
Rickenzrle trilon:.
Lepteperle virvic
Dinotcperle sp.

Coleoplere
scloreccyzhon =0,
Eelrminthicco

Trichoertor:
Liznmorhilicd:r o
Helicopsychidae
Leptoceridee sp3.
Philerheithridae sp1.
" sp2.
" sph.
Gloczsocomatidze
Rhyecophilidee sn
Hydropsychidae s
7] sp2.
" SPB-
Ecnoemidae
Tasniidee

Diptera
Chironomideo
Muscidze
Cerztoponcenidee

(ligochaeto
Lumbriculidae
Cther

Nolluscs
Potamonyrasus
Pettancylus

27/7/771
Riffle

1. 2. 3. 4. 5. 6,

2
1 201 1
2 2 1
1
1 1
1 1
1 1
2 1 1
48 15 A8 18
11
1
1
1
1 1
3 4 2
2 2 1
22 5
1
1
7 5 3
1 3 2
3 111 2

1
1 6
3
1
3 3
3
7 31
1
1 2
2
2
2
1 2
1
18 13
4 2
5 8

15/9/77
niffle

1. 2. 3.4, 5. 5,

1
5 1 10
1 5 3
7 717 5
3
5 8 8 2
1 11
2
1
35 5 5
3 2
4 37 3 9
1 1 2
2
1
1 1 1
1
1 1
1
e 1 4
48 4 19 13
15 2 1 11
3 3 2

23

N P Lo Lo

[A]

0o

95



DATE

TAXA

Inseciz
Epbemerontera
pAtalorhlebes sp
Baotis spe,

Plecoptera
Cardiopcrle nigrifrons
Trinotoperla zuicki

Coleopters
Dytiscidcze
Helminthidae

Trichoptera
Hydroptilidae =pZ.
Pbilerhei thridae spl.
Limnephilidac
Stenopsychidee
Leptoccridae spZ.

Diptera
Chircncmidce
Culicidae
Muscidas=
Ceratopogonidre

0ligochaeta
Lumbriculidece
Cther

2/3/11

Eiffle

1.

SITS 3c,

Focl

2. 3. 1. 2. 3.

[

33 53 31
2 4

et

6 1 2
16 51 35
1

21/5/11

Riffle

1.

1

~
[y}

186 180 120 170 115 70 8 5
10 16 6
1

3.

1

Fecol

1» 2- 3.
1

1

2 2 1
1

16 45 55 22 13

96



DATE

TAKA

Insecta
Ephemecroptera
Baetis spZ,

Plecoptere

Leptorerla wvaria
Riekonerla trilobe
Cardicperla nigrifrons

Trichoptera
Rhyacophilidce sp2.

Diptera
Chircncmidae
Culicidoe
Muscidee

Cligcchaeta
Lumbriculidac
Cther

SIS 3c.
21/1/11
1ifle
1. 2. 3. 4.

1
1
7 611 15
1 4 6
4

65 40 26 60
2

97

14/9/77
Riflle

1. 2. 3. 4. 5. 6.

1
1
1 1
4
1
21 14 26 4 12 7
3 3 2 1

80 50 60 30 3C 40
6 6 5 4



DATE

TAXA
lnsecta

Ephemeroptera
Atelophlebicides spl.
1t sp2.

Plecoptere
Bugsihenia
Tasmanoperls thalia

Cerdicporia nisrifrong

costelis

Colecnterza
Sclerocyrnheon =bp.

Trichopter:
Philorheithridae sp1l.

Conoosucideae

Diptera
Chironomid:ie

Crustacea

Synceride
Anzspides tasmeniae

Amphipoda
lieonipharsus sp.

a8

577 4a,

2/3/77 20/5/77
Tiflle Riffle Fool
1. 2. 2. 1. 2, 3. 1. 2. 3,
1 1 5 1 2 6
6
2
1
1 1 4 1
1 4 1 303 1 1 2 1
1 3 5 3 7 2 1
1 1
3
6 2
1 4 1 2 3
p) 2 1 9 1



DALS L/0/11 14/9/17
Riffle Riffle

1- 2. 3. 40 50 6. lo 20 30 4-

1AXA
Insecta
Ephemercptera
Atalophlebioides spl.
" sp2. 1 1 5
5pd. - 2 1

b=
(@0]
LS
a0

Plecoptera

Busthenia spectabilis
Tasmenoperla thelia
Leptoperlc voria
Cardicperla nigrifrons

bt

LN
Ny L

N R
SESENSE o

Coleoptera

Sclerocyphcn sp. 7 8 4 3 1 4 9 1 1
Helninthidze

Helodidee 1

Iygrobiides (adult) 1

Trichoptcrea

Limnephilidae 1 3
GConccsucidao

Philoheithridae =pl.

A 6 5]

Dipterc
Chironomidae 111 1 1
Culicidee
Tipulidee
Ceratopogonidae 1

= o

Crustacea
Synccaria
Anaspides tasmeniae 1 2

Amphiroda
Neonithersus sp. 1 53914 3 18 1

Cligochaota 3 3 1 4 4 1 3

=



SITS 4b.
DATS 4/3/11
Riffle
1, 2. 3.
TAXA
Insecte
Ephemerontera
Atalcphlebioides snl. 1
e Sp?_. 1 1
] spl, 5
n Sp4.
Atalophlebes op
Baetiz =pl. 3 4 5
" sp2, 2
Tasmeonccoenis sp.
Tasmenophlebia sn.
Plecoptera
Fusthenia spcctabilis 1 1
Tasmanc perle lervelis 2

Cerdicperls nisrifrons
Rieloperle trilcba
Leptoperla varia
Trinotoperla zwicli

Colecntera
Helminthidece
Helodidee
Sclerocyphon sp.

Trichoptera
Glossosomatidoe
Leptoceridae spd.

" spl.
Limnephilideoe
Philorheithridce opd.
Conoesucidze
Hydroncychidee snl,

" Sp2.

Rhyaccphilidco spl.

Helccopsychidae

Dipterz
Chironcmidae
Vuscidae
Simulidae

Crustzcea
Amphivoda
MMeonipherus g0,

Clicochaerta
Inmbriculidee
C 'theI‘

l.ollusce
Fotamcpyrsus sp.

3
1
11 1
2
1 1
4
4
1
16 4
1 -
1

Fool

1- 2.

32
6

1 5
1

2

2

2

3

1 1

1

g 1
2

3

2

8 6

26/5/77
iftle
1. 2. 2.
1
Z
1 1 1
1 1
1
1 2 1
> 4
1
15 13 5
2
1
1
1 1
1
1

100

Pool
1. 2. 3. 4.
31 2 1
6 1 1
1
1 3
1
1 1
1 2
1 1
1
2 2 1
1
1
4 1
g 7T 1



DATL

WA A

Insecta

Ephemeroptera

Atalophlebioides spl.
" speZ.

sp3.

Baetis spl.
L Sp2.

Plecoptera

Fusthenic spoctabilia
Tesmanoperla larvolis
Cerdioperle nigrifrcens
Riekoperla trilobe
Trinotoperla zwiclki

Coleoptera
Helodidae
Sclerocyphon sp.
Helminthidce
Dytiscidac (adult)

Trichoptera :
Glossosomatidze (larvae)

" (pupae)
Belicoptychidee
leptcceridae spl.
Limnephilidae
Philorheithridee spl.
Hydropsychidae spl.

11 sz.

" sp3e.
Rhyacophilidae spZe

Diptera
Chircononidee
Tipulidece
Simulidae
Muscidae
Ceratopogonidae

Cligochaeta

Mcllusca
Potamopyrsus sp.

Ivs 4b.

25/7/77
Riffle

1. 2. 3. 4, 5. 6.

15

318
1
2 5 1
1
2
5

o

-]

-

14 12 15 22 33

1
31
:
1
& 4
8
16 4 1
1
5
1

L NN

[

2
4

2 W]

13/9/117
Riffle

l. 2- 3- 4- 5‘ 60

[ —

=
OO\ =N

[h]

-]

1
0 10 14
7 511
3 7 6
2 2 4
1
2 1
3 1
114 19
55 11
1 3 24
6 1 2
3
2
2
1
5 3 2
2
1
3 2 1
1

O =~

N

L o AN =)

NS RN o)

101



DATE

TAXA
Insecta
Ephcincronters
Atalophlebioides sp?2.
1 Sp}.
Baetis spl.
" Sp2.

Plecoptora
Tasmanoperla larvalis
Rieltoperla trilcba
Trinoloperle wiricki
Dinotoperla sp.

Colecoptera
Helodidae
Helminthidae
Sclerocyphbon sp.

Trichoptlera
Gloscogometidae
Helicopsvchidee
Limnnerhilidae
Leptoceridac sp2.
Philorheithridere snl,
Rhyecophilidoe zpl.
Hydropsychidee spl.

" spl.

Diptera
Chircnomidae
Simulidee
Tipulidze

Crustace
Anphipcda
Parccelliops Spe.

Cligsocheeta

¥ellusca
Potamopyrous sD.

SITH 4e.
25/1/17
Riffle
1-203-
3 9
17 11 1
5 2 2
2
2 7
1
1 2
1
3 1
5
.2
5
2 2

L

—

(oY) |2 WY NI

I S

b =

[ Y Y]

13/9/71
Riffle
1. 2. 3. 4, 5, 6.
817 19 14 12 14
c 7 8 8 1¢C 5
2 3 1 1
2 4 3 3 1 2
1
2
1 1
2 1
1
2
4 1 1
2 1 2 1 1
1 1
1
1 2
1 2 1 3

Tr Y2



SIT: 5a.

DATE 8/8/7'{
ABCVE FALIS 4
lo ?c 3. 4. 5- 6.

THXA
Inseccta
Ephemeroptera
Atalophlebioides =pl. 1
" spe.
t spd. o
n SPS- 1
Plecoptera
Lusthenie spectabilis 3
Tesmenoperls thalia 1
Cardioperls nirrifrens 3
Ieptoperla vouria
Trichoptera
Helicopoychidae
Conoesucidae
Diptera
Chironomidae
Cligochzeta 1

# 1 sample wita no animels

+ 2 samples with no animals

)

LY

ro k-

103
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SITZ Sb.

DATIS 6/3/7?
Riffle
1.

TAX:

Insecte

Ephemeroptera

Atalephlebioides spl.
" Spg.

Sp3.

=

Baetis spl.
tl sp2.

Plecoptera

Eusthenie spectabilis

E. costalis 2
Tasmanoperla l:rvalis
Cardicperla nigrifrons
Trincoteperla zwicki

Colecptera
Sclerccyphon sp.

Trichoptera
Gloasosomztidae
Leptoceridee =snd,.

n sp3.
Limnephilid:ie
Helicopgsychidae
Rhyeacophilidee spl.
Hydrcnsychidee srple.

" sp2.

Diptera
Chircnomidoe
Culicidas
Muzcidee

Cligochoeta

Molucsce
Potamopyrgus sp.

—

Mo

O~
=L L

o = N
=t

[
[0
N
O P
—t

30/5/77

3. 4.
2
3
2
114
3
6 5
2
1
9 5
1
2 1

Fccl
1. 2, 3.
2 26 14
5 1
1
2
1
31 1
1
2
5
1
27 3
1
1



DATE

TAXA
Insecla
Ephemeroptera
Atalecphlebicides spl.
1" sz.
" Sp3-
Baetis epl
" SP2e

Plecoptltera

Bugthenia spectabilis
Tesmenovnerla larvalis
Riekorerle trileobe
Leptoperla varis
Cardicoperla nigrifrons
Trinctoperla zwicki

Coleoptera
Sclerccyphon sp.

Trichoptera
Limnnephilidee
Glossoconatidee (larveoe)

" (pupze)
Leptoceridee spZ.

Rhyacophilidae spZ.
Hydrepsychidae spl.

" Sp2.

Heliccepsychidae

Diptera
Chircnomidae
Tipulidee
Culicideae

Mollusca
Potamopyrgsus sp.

SITd 5b.

30/7/77
Rif{ile
1. 2. 3. 4. 5. 6.

1
1 2
2 1
1 1
1 l1 2
1 1 1 2
3 1
2
7T 1
3
3
1
1
1
2
1

12/9/7
Riffle

1. 2. 3. 4. 5. 6,

1 2
3
1
1

2

1
2
513
1
11
2
10 10
4

1

7

o

—

[AV]

—

N P

n

= A

e

no

=

1G5



DATE

TAXA
Insecta
Ephemeroptersa

Atalophlebioides sypl,
sp2.
s5p3.

Bzetis spl.
t sp2,
Tasmanccoenis sp.

Plecoptera
Trinotoperla zwicki

Coleoptera
Helminthidae

Trichoptera
Leptoceridece spl.
Glossoscomatidae
Limneprhilidao
Hydrortilidooe spl.

1] Sp3.
" spd .
Celamatoceridze

Rhyecophilidze sr2.
Hydropsychidae spl.
Ecnemidae

Dipters
Chironomidae
Culicidae
Kugcidee
Tipulidze
Ceratopcgenidae

Crustocea
Decapcda

Paratya austreliensis

Cligochecota

Mollusca
Potemonyrus sv.
Pettconcylus so.

SITZ Sc.
6/3/11 30/5/71
Riffle Fool Riffle
l. 2.3, 1. 2,3, 1. 2. 3.
1 2 3 1 4 2
1 1 1 4 5 10
3 T 1
1 1
5 3 3
1 9 1
1 2
1 2 1 1 1 1 2 1
1 1 3 2 1 2 1
1 7
1 3
1 1 1
1
2 1
1
1 1 1 1
4 5 2 2626 40 28 27 13
1 1 1
1 1
1 2 1
2
1 1
1 P
18 20 26~ 2 29 1 1
1 2

Fcol
1' 2. 3.
1 2
1
1 1
2
5 3
T2 2
1 14 12
1 2
1
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SIS hHe.
DATE 2/8/71
Rif{le
1. 2. 3. 4. 5. 6,
TLEA
Insecta

Ephencroptera

Atalcephlebioides spl.
" Spg.

gr3.

it

N A
5w
-

Baetis spl.
n sz.

N =L
OOV W
| o

ooy

—

Flecoptera

Tasmeneperla larvalis
Cardicperla nicrifrens 1 1
Riokoperla triloba

Coleoptera
Sclerecyphen sp. 1
Helminthidoe

Trichoptera
Limnephilidee
Leptoceridao sn2. 1
Calamatoceridae
Hydroptilidoe sp4.
Philorheithridae sp2.
Rhyacorphilidce sp2, 2 3
Hydropsychidze spZ.
n Sp}- 1 1
Philopotasideze
Lencemidae

Diptera
Chircnomidec 1
Culicidze

- Tipulidae

Crustacea
Deceapoda _
Paratya australiensis 1 101

Oligochaeta 1

Mollusca
Foteanmopyragus sm. 1-

12/9/77
Eifile

1. 2. 3. 4. 5. 6.

5 2 1 7
1 213 6 38
2 2 3 9
1 1
1
1
2
1
1 2 6 113
1 1
8 3
1 2 1
1 1 2
1 1 1
1
1
7 45 80 4 40
1 1
1 4
1
1 2
34 21

58
1

2

107
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