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area,means:RI = 56.7,R2 = 59.1; leaf area/twig dry wt., means: RI =·237.2, R2 = 349.2) or severity
of insect damage (means: RI = 18.8%, R2 = 18.9%). This resultis somewhat surprising because field
observations of the tree canopies revealed that the trees in Row 1 produced a noticeable freshflushof
growthshortlyafter the first watering treatment. A possible explanation for this lack of statistical
difference betweenwateringtreatments or rowscouldbe due to the large variability existingbetween
trees. This variability was revealed in the analysis of variance of canopyaspect(model, y = tree
aspect)were the independent variable 'tree' wasfound to be significantly different(P < 0.05) for
almosteveryleaf characterandsampling datecombination tested. The only two exceptions werefor
insect damagein January 1991 andthe leaf wt./twig wt. ratioin February1991. The regenerating
saplings wereless variable, with 'regenerating tree' beingsignificantly different (P < 0.05)for insect
damagein December1990andJanuary 1991, for specific leaf area in all threemonthsand for the leaf
area/twigwt. ratio only in January1991.

Figure 31 showsthere was little changein the level of insectdamage over the initialstudyperiod.
Whenthe samplingdate wasincluded in the test modelformaturetrees, significant differences
(P < 0.05)were revealed for the leaf wt./twig wt. andleaf area/twig dry wt. ratios. Monthlymeans
were compared usingTukey's Studentized Rangetest andit showed that these two 'leafiness' ratios
were significantly higherfor March 1991 than for eitherDecember 1990, January 1991 or February
1991 (Figure32, B and C). Whenthe test wasrepeated usingthe regenerating saplings, the foliage
variablesdid not vary significantly withsampling dates. Additionally there wereno significant
interactions betweenwatering treatments andnaturalseasonal shootgrowth(expressed as sampling
date) for eitherthe saplings or maturetrees.

A systemic insecticide treatment in November 1990resulted in significantly (P = 0.047)higher leaf
wt./twigwt. ratiosin the February foliage sampling (Figure 32A). The insecticide treatment, however,
had no significanteffecton percentage defoliation, specificleaf areaor leaf wt/twig wt ratio (Figures
32, B, C, D). The meanpercentage leaf areadamaged by insectsfor the untreated maturetrees was
18.6% (95% C.I. = 8.2%to 33.3%) whilefor the insecticide treatedtrees it was 10.3% (95%C.1. =
1.3%to 27.7 %) (Figure32C). In comparison, the meanpercentage insect damage for the
regenerating saplings in February1991 wasslightly higherat 20.3%(95% C.I.= 15.3% to 25.9%)
than for the untreated maturetrees (18.6%).

The percentage of necroticarea (N.A.)per samplewasquitelow « 5 %)and therefore was not
includedinto the abovefoliage analysis. A full analysis of leaf necrotic area will be undertaken at a
later date.

(h) Sampling offoliage insects

Onlyone sampling for insects(as described in "Sampling for Insects", page 61) wasundertaken in the
period December1990to March 1991 andthat wason 14February, 1991. However, field
observations indicated that at no time wasany species presentin high numbers, therefore the forest
was in a non-outbreak periodfor defoliating insects.

A totalof 567 invertebrates k~1 of ovendried(65~C) foliage (leaves pluspetioles) were sampled.
This comprised 486 insectkg and 81 spiders kg-of foliage. The mostnumerous groupof insects,
by far, were the leaf hoppers (species of Eurymelidae and Cicadellidae) whichformed 60%of the total
numberof insectssampled. The secondmost numerous groupwerethe ants,predominantly
Iridomyrmex spp. These ant species appeared to be attending the leaf hoppers for theirhoney-dew.
Verylow numbers of leaf-chewing insects werecollected. This is somewhat unexpected as the mature
trees were suffering from an average level of 19.9% defoliation (Figure 31A). This couldbe due to
either the sampling methodused disturbed leaf-chewing insectsto a greaterextentthan the leaf­
hoppersor that the leaf-chewing insects werelargelynocturnal. The suiteof insects occurring on the
regenerating saplings couldbe differed to that occurring on the maturetrees. This last possibility will
be investigated oncethe mechanism for monitoring the permanently taggedleaves in maturetreeshas
been installed. A light trap will be set up to trap the nocturnally activeinsectsin the forest In situ
foliageexamination will occurat night.
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Figure 31. Monthly variation of the combined treatment plot data for the following four foliage
variables: A) mean percentage defoliation per sample; B) mean leaf dry wt/twig dry wt
ratio; C) mean leaf area/twig dry wt (cm" g ') ; and D) mean specific leaf area (cm- g'')
collected in December 1990 through to March 1991 from mature trees in Row 2.
Mean values sampled in March 1991 for B) and C) were significantly higher
(P < 0.05) than those sampled in either December 1990, January 1991 or February
1991 (Tukey's Studentized Range Test). All other means were not significantly
different from one another. Bars represent 95% Confidence Intervals.
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Figure 32. Comparison between mature trees treated with Nuvacron® (systemic insecticide)
(=Sl) (n=9) and untreated control trees (=C) (n=18) of the following four foliage
variables: A) mean leaf dry area/twig dry wt. ratio; B) mean specific leaf area
(cm' g-l); C) mean percentage defoliation per sample; and D) mean leaf area/twig area
(cm' g-l) sampled in February 1991 from Row 2 of treatment plots 1,2 and 4. Only
the mean leaf dry wt./twig dry wt ratios (C) were significantly different (Tukey's
Studentized Range Test, P=O.047). Bars represent the 95% Confidence Intervals.
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At this stagethe identification of most of these insectshas only been taken to approximately family
level. This will improvewith subsequent insectsamplings whenmore immatureinsectscan be reared
throughand specimens sent to taxonomists for identification.

(c) Litter trap collections

The contents of all eighteenlitter traps were collected monthlyduringthe periodDecember1990to
Apri11991 and given a preliminary sorting. Plottingthe dry weightsofleaves, twigs, bark. and
reproductive parts (buds and capsules) revealed that no significanttrendshad yet becomeestablished
betweenwateringtreatments. Whenthe litter trap data was combinedover all treatments, however,
the plots revealed moreleaves and bark werecollectedduringthe summermonths (Januaryand
February 1991)than in the autumnmonths (Marchand Apri11991). Also more leaves were caught in
the traps in Rows 1 and 2 than in Rows 3 to 6. This pattern of leaf-fallwas greatestduring January
andFebruary. Likewisemore buds and capsules were collectedin March 1991 than in the other four

. monthsand the majority(75%)of these fell in Rows I and 2.

The insectcadavers and frass collected in the litter traps will be examined and a more detailed
statistical analysis of the litter will be undertaken in 1993.

4. Discussion ofPreliminary Studies

In orderto fully interpretthe interactions betweeninsectherbivoryandhost water stress it is first
necessaryto gain someknowledge of the shootdynamics of the E. camaldulensis trees in this trial. It
is for this reasonthat the entomological component of the Gulpa IslandStateForest WateringTrial has
concentrated duringthe first four months on developing samplingregimes that provideaccurate
foliagedescriptions. This willnot only contribute to understanding the entomology of the river red
gumsbut alsoto the broaderobjectives of the project.

The fact that canopyaspectcontributes an insignificant level of variationto the foliagewhile tree
variabilitywas foundto be very high has resulted in the monthly samplingregimefor foliage being
modified. Commencing in May 1991 the numberof branchesper tree was decreased from four to two
while the numberof trees per treatmentwas increased fromtwo to six (Le. two trees from Rows (sub-

. plot) 1,2, and4 per month).

Whilethe problems associated with intraspecific variability of eucalyptsare regularlyencountered in
field trials, reportson the variationwithin singlecanopies in terms of insect defoliation have been
conflicting (Ohmartet al.; 1984;Landsberg, 1989). A possibleexplanationfor the apparent
uniformity of both growthand insect attackin theseE. camaldulensis crownscouldbe due to the
foresthavingan open structure and hence crownshavingminimal interference with one another. It is
hopedthat ifcanopydifferences betweenneighbouring trees of similarage arise, in part, from
differences in their water-status, then pressurebombmeasurements shouldcorrelatewith crown
development and insectherbivory.

The first four monthsof resultshave shownthat over the summermonthstotal leaf area per twig
significantly increased throughthe productionof fresh foliage. It is not unreasonable to assumethat
the main periods of activegrowthof E. camaldulensis is influencednot only by temperature but also
by the alleviation of water stress. However, the relativecontributions to foliageproductionby the
normalseasonality of shoot growthand by the watertreatments are unknownat present.
Unfortunately, treatmenteffectswere not detectedin the data obtainedwithinthe periodup to two
monthsafter application of the first differential watering. A further 12months of treatment
application and an increasein the numberof trees sampled(to overcomethe large betweentree
variability) will,however, greatlyincreasethe probability of detectingtreatmenteffects.
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Samplingfrom the regenerating saplings over the summermonths revealed firstly, that the foliagewas
less variablebetweenyoungtreesthanbetweenmaturetrees andsecondly, they did not appearto
respondto seasonal fluctuation through new foliage production to the sameextentas the maturetrees.

The average level of insectdefoliation in the maturetrees between December 1990andMarch 1991
was 21 percent Becauseof the relatively low numbers of herbivorous insectspresentin the canopies,
this must be viewedas the non-outbreak. background level of defoliation Although comparisons of
levels of eucalyptherbivory recorded previously must be treatedcautiously (Ohmart, 1984; Fox and
Morrow, 1986), this level of defoliation is above what is now considered average for Australian
eucalyptforests (Fox andMorrow, 1986(15% to 20%); Landsberg and Ohmart, 1989(8.5% ± 5.0%».
Future sampling fromthe insecticide treatedtreeswill assistin determining what impactthis level of
defoliationhas on the growthof the trees. The average level of defoliation in the regenerating saplings
over the summermonths (December 1990to February 1991)wasvery SImilar to that of the mature
trees (21.5%), howevermonthlyvariability was slightlyhigher.

It is hoped that the incorporation of dataobtained fromboth the litter-trap data and the permanently
, tagged branches into the main database will circumvent someof the criticisms that have been directed

at earlierstudieson eucalyptherbivory (e.g.Ohmart, 1984; Fox andMorrow, 1986). The litter trap
data will alsoenable the comparisons of seasonality and rate of litter fall betweenwater-stressed and
unstressed trees. BriggsandMaher(1983) suggestthatE. camaldulensis litter may providean
importantfood sourcefor detritivorous invertebrates andhencewaterfowl in this river red gum
ecosystem. Releaseof nutrients from litter in flooded waterways willbe studied in limnological
component of the study. Leaf nutrientconcentrations will alsobe measured.

Finally,the intensive shoot assessment of E. camaldulensis developed for this study shouldnot only
identifypossibleinteractions between water-related stressandinsectherbivory but also assist in
quantifying their response to the different watering strategies being tested.
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ROLE OF ALGAE - ESTABLISHMENT AND INITIAL ASSESSMENT
D.EDWARDS

1. 1ntroduction

During these trials, ephemeralponds (floodedplots) were establishedat different times in 1991/92.
Descriptionof these plots is given in "Experimental Outline", pages 10-35,of this report Water
drawn from adjacentstreamswill remain on part of each plot for up to six weeks. Many river algae
may be expectedto flourish in such warm shallowpools but their populationsmay vary significantly
from those in their originalenvironment. Little is known of the ecological role of algae in such
ephemeralwaters, yet their positionnear the base of the food chain makes these organisms important
when planning the holosticmanagementof river red gum forests. It is in this area that a number of
questionsneed to be answered:-

1. What factors affect algal growth on the flood plain, e.g. the presence and amount ofleaf
litter beforeflooding, soil type, plant cover, etc.?

2. What is the role of algae in the invertebrate/fishfood chain?

3. Are there significantcontributionsto river red gum nutrition either directly as a green
manure crop whenthe water recedes or via AzotlaiAnabaena fixation of nitrogen?

4. Do algal bloomsoccur which increase these contributions?

5. Do algal bloomsoccur which pose problemsfor native animals or stock, e.g. Anabaena or
Microcystist

The algae most likely to occur in the trial plots are expectedto show growth patterns similar to those
in their source rivers. However the relationshipbetween algae populationin the source waters and
algae populationsin the forest waterwaysneeds to be assessed. Investigationof river red gum
floodplain algae communities should make a useful contributionto this body of knowledge.

2. Aims ofthe Algae Study

1. To determinethe algal flora associatedwith the flooded plots and adjacentnatural
watercourses andlagoons.

2. To examinechanges in the populationsof significantalgal taxa during the trial floodings.

3. To evaluate the contributionof flood plain algae to both river red gum and fish nutrition.

4. To monitor the growth of algal blooms during flood events.

3. Experimental Outline - Initial Survey

This survey comprisedthree qualitative samplingsof flooded plots and of their source waters
comprisingadjacentcreeks and a large lagoon.

On 22 November, 1990,23 January, 1991 and 19 June, 1991 three 250 m1 water samples were taken
from markedpositionsin Gulpa Creek,McCartney's Creek and HorseshoeLagoon and from some
researchplots as shown in Table 8. The markedpositions were near the regulators supplyingthe
experimentalplots.
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Sites sampledin preliminary algal survey- Gulpa Island WateringTrials,
22 November, 1990to 19 June; 1991.

Sites examined

22 November, 1990

23 January, 1991

19 June, 1991

*Gulpa Creek,McCartney's Creek,Horseshoe Lagoon,Plots S4,
C2, C4, NI, N2 and N5. .

Gulpa Creek,McCartney's Creek(two sites + Channelto Horseshoe
Lagoon,Horseshoe Lagoon(plus a channelsite); Plots S4, S5, C4
C5, N4 and N5.

Gulpa Creek,McCartney's Creekand Horseshoe Lagoon.

* Plot numbers are explained in "Experimental Outline", pages 10-35, of the report.

The samples were taken from the littoralzonejust belowwaterline of the creeks and lagoon and from
the deepestposition within floodedplots. Each sampleincludedbottomsedimentsand, wherepresent,
portions of aquatic plants.

The samples,contained in clean plasticbottles with 'snap on' lids, were.despatched to the laboratory
in insulatedcontainersplus 'cooler' bricks. Rapid transit enabledthe samplesto be examinedwithin
24-36 hours. This was considered necessaryto minimisechangesin the biota due to temperature and
oxygenvariations,predationby invertebrates and degradation by fungi and bacteria.

Water and air temperatures were recorded at the time of sampling. The pH was determinedon receipt
at the laboratoryusing a paper strip indicator(Merck-Neutralit).

Small amountsof sedimentplus scrapings and squeezing from plant stems,leaves and roots were
mounted in water from the sample andexaminedfor the presenceof microalgae and micro­
invertebrates. After standingin subdued light for severaldays a furtherexaminationwas made in the
same way.

Because it was an initial assessment, identification was made to a genericlevel only, unless a species
could be clearlydetermined. Occurrences of micro-invertebrates in each samplewere recorded either'
to genericor higher taxa levels.

Where determinations could be madeto a specificlevel, these were recordedfor a future report and
small samplesfrom each collectionwere reserved for furtherstudy.

The procaryoticCYANOPHYTA - Anabaena, Microcystis and Oscillatoria have in the past been
classifiedas algae but are now regarded as cyanobacteria. They are listed here as Cyanochloronta.
The generaChlamydomonas, Euglena, Trachelomonas andVolvoxare treated as algae (prestcott,
1978; Bold et al., 1980) rather than as protozoa(Williams, 1980).
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4. ResultsofInitialAssessment

A list of algae and invertebrates found during the initial assessment is given in Table 9 and their
distribution by sites in Table 10.

Table 9. Algal and invertebrate taxa recovered from Gulpa Island Watering Trial plots and
adjacent streams. November 1990 to June 1991.

ALGAE

CYANOCHLORONTA (cyanobacteria, blue-green algae)

Anabaena, Microcystis, Oscillatoria

CHLOROPHYTA (green algae)

Actinastrum, Ankistrodesmus, Chlamydomonas, Closterium, Cosmarium, Desmidium, Euastrum,
Gleocystis, Micrasterias, Oedogonium, Pediastrum, Pleurotaenium, Scenedesmus, Staurastrum,
Staurodesmus, Volvox

EUGLENOPHYTA (eug1enids)

Euglena, Phacus, Trachelomonas

PYRROPHYTA (dinoflagellates)

CHRYSOPHYTA (yellow-green algae)

Dinobryon, Synura

CHRYSOPHYTA (diatoms)

Asterionella, Cymbella, Epithemia, Frustulia, Gyrosigma, Hantzschia, Melosira, Navicula, Nitzschia,
Pinnularia, Rhopalodia, Stauroneis, Surirella, Synedra

INVERTEBRATES

PROTOZOA
(SARCODINA)

Cyclopyxis, Euglypha, Paramecium, Spirostomium, Vorticella

NEMATODA
UNIDENTIFIED

Forestry Commission of New South Wales

ASCHELMINTHES
ROTIFEA
UNIDENTIFIED
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Table 10. Provisional list of algal taxa recovered during initial assessment of Gulpa Island State
Forest Watering Trials. November 1990 to June 1991.

Taxa Location(1)

G M H S4 S5 C2 C4 , C5 NI N2 N4 N5

CYANOPHYTA
(blue green algae)

Microcystis X X
Oscillatoria X
Anabaena X X X

CHLOROPHYTA
(green alga) "

Chlamydomonas X X X
Volvox X X
Gleocystis X
Ankistrodesmus X X X
Actinastrum X
Scenedesmus X X X X X
Pediastrum X
Oedogonium X
Closterium X X X X X
Cosmarium X X X X
Desmidium X
Euastrum X
Micrasterias X
Pleurotaenium X X
Staurodesmus X
Staurastrum X X

EUGLENOPHYTA
(euglenids)

Euglena X X X X X X X X X X
Phacus X X X X X
Trachelomonas X X ,X X X X X X X X X X

PYRROPHYTA
(dinoflagellates) X

CHRYSOPHYTA
(non-diatoms)

Synura X

(diatoms)

Melosira X X X
Asterionella X
Synedra X X X X X
Frustulia X
Gyrosigma X X
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Table 10. (cont.)

Taxa Location(l)

G M(2) H S4 S5 C2 C4 C5 NI N2 N4 N5

Navicula X X X X X X X X X
Pinnularia X X X X X X X X X X X
Stauronets X
Cymbella X X X X
Epithemia X
Rhopalodia X
Hantzschia X X X
Nitzschia X X X X X X X
Surirella X X X X X

PROTOZOA
Euglypha X
Cyclopyxis X X
Coleps X X X
Paramecium X X X X X X X
Vorticella X X
Euplotes X X
Spirostomium X X X

Nematoda X X X X

Rotifera X X X

(1)
Location and sampling dates:-
G =Gulpa Ck.; M =McCartney's Ck., H =Horseshoe Lagoon (22.11.90, 19.6.91)
S4 to N5 are plot nwnbers
S4, C4, N5 (22.11.90, 23.1.91)
C2, NI, N2 (2211.90)
S5, C5, N4 (23.1.91)

(2)
McC~ey's Creek is closely linked to S4. All other plots are watered from Horseshoe
Lagoon.

5. Discussion

The algae and invertebrates foundin the initial surveyare commonin the freshwaters of southern
Australia. Most are planktonic (Cyanophyta, Chlorophyta andEuglenophyta) or epiphyticor bottom
dwellers (diatoms) but there were someexceptions to this generalisation.

Sullivanet al. (1989) has foundthe most commongenerain the adjacentMurray system,duringthe
period 1980-85 included Ankistrodesmus, Asterionella, Anabaena, Melosira, Nitzschia, Synedra and
Trachelomonas. All these generawerefound in the initial survey.

Generawhichcontainspecies causingproblemalgalbloomsor whichindicatethat conditions are
suitablefor suchbloomsareAnabaena, Asterionella, Euglena, Microcystis, Melosira, Oscillatoria,
Synedra andSynura. These generawill requirefurthermonitoring, as some of these were present.
Anabaena azollae was foundwithinthe leavesof the water fernAzolla from Gulpa Creek. Its
importance as a greenmanurecomponent of the river red gum systemneeds further study.

Forestry Commission of New South Wales Technical Paper No. 56



Inception Report on Development ofWatering Strategies
to Maintain the Millewa Group of River Red Gum

-75- (Eucalyptus camaldulensis) Forests

Data in Table 10 suggests there is movement of both planktonic andbenthicalgaefrom river to plot.
The data is insufficient to allowconclusions as to the likelybehaviour of these algaeover the periodof
floodwater retention.

Invertebrates have been recorded to generic or higherlevelsbut it is not proposed to studythese in any
detail. These organisms are best handled by the Murray-Darling FreshwaterResearchGroupwho
have considerable expertise in this area.

6. 1991-1993Studies

It is proposedto study two flooding cycles, one fromlate winterto earlyspringand one in mid­
summer. The aim is to determine qualitative and quantitative changes in the composition of the algal
biota duringeach flooding sequence. Thesewill thenbe related wherepossibleto changes in
floodwater chemistry and other foodchaincomponents. Weekly qualitative sampling is proposed for
each floodedplot commencing one weekafterflooding andcontinuing until the floodrecedes. This is
expectedto cover a periodof four to six weeks. Similarsamples areproposed for GulpaCreek,
McCartney's CreekandHorseshoe Lagoonjust beforeandduringeachfloodregime. Sampling areas
in the study are shownin Table 11. '

Samplingmethodsare to be the sameas thosedescribed for the initialsurvey. Additional data
requiredat each sampling are air andwatertemperatures and O

2
determinations whilstpH will be

determined on receiptat the laboratory. A sampling protocol has beenprepared for DistrictStaff.
Severalprecautions are essential. All sample Points should be clearly marked. Watertemperature and
water0z samplecollectiondepths are to be standardised at 10 cm. Oxygendeterminations are to be
made usinga YSI@ meter. Thesemeasurements shouldbe compared on site with the New South
WalesFisheriesmeter measurements andeveryeffortmadeto standardise the results betweenthe two
groups. It may alsoproveuseful to conduct a seriesof O

2
determinations at two-hourly intervals over

a 24 hour periodin plots showing unusual population responses.

Invertebrates presentin eachsamplewillbe recorded to the taxa considered most practicable. Algae
howeverwill be determined to species level wherever possible.

Weeklyquantitative samples areproposed usingan artificial substrate (glass slides). This method is
considered better suitedto the shallow waters of the plots thannet sampling. Whilstit favours
epiphytic diatoms, past experience suggests thatmanyplanktonic algaeshowpopulation fluctuations
on such substrates. Whencombined withthe results from littoral samples it is hopedthat a useful
pictureof changesin the algalbiotawillbe obtained.

The slideholderseach containa set of nine carefully cleaned slidesplacedsideby side and orientated
to face acrossthe currentflow. In all exceptvery cleanNewSouthWalesstreams, algaldeposition is
suchthat counting individual plantsbecomes difficult for intervals longerthan one week. For each
slide the numberof eachgenerapresentin 30 fields viewed at X 375 will be counted and combined to
give an estimateof the numberper mm2 for each taxa at each sampling.
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Table 11. Plots sampled in 1991and 1992. Gulpa IslandStateForest Watering Trials.

Plots

Date

Aug/Sep 1991

Jan/Feb 1992

*G

x

x

M

x

x

H

x

x

Southern

2,4

4,5

Central

2,4

4,5

Northern

2,4

4,5

* G = Gulpa Creek, M = McCartney's Creek, H = Horseshoe Lagoon

Azolla bloomsoccurin quiet reaches of the two creeksand the lagoon. It is proposedduring 1992­
1993that the proportion of plot surfacewaterscovered by Azolla be estimated wheneversuch blooms
appear. Thesewill alsobe sampled to determine the AzollalAnabaena complexspecificto that plot

It is hopedthat these studies may be integrated withthe workof other groups,e.g. fish nutrition
(Fisheries), invertebrates (Murray-Darling Freshwater ResearchCentre) and river red gum silviculture
(Forestry Commission of New SouthWales).
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FUTURE DIRECTIONS FOR THE PROJECT

It is expectedthat the experiment will continue for twelveyears. This wouldenabletwo cyclesof the
four year flood to be completed. It would alsoallowtime for longer term changes in the ecosystem to
be apparent. For example,widespread deathof E. camaldulensis and subsequent replacement with
variousbox speciesis unlikelyto occurwithina singledecade. Similarly recolonisation of the
frequently floodedwaterways withmoreaquatic flora or faunais likely to be slow.

In the initial phaseof the experiment we haveconcentrated on measuring ecological changes due to
flooding. Some of these changes, for example tree growth, will require long-term monitoring.

The projecthas two basic approaches:

1. To monitorecological responses due to flooding

2. To developa hydrological budgetfor the variousfloodtreatments

Earlier sections of this report identified the approaches beingundertaken to measureecological
chargesdue to flooding. Otherstudies proposed for the future are givenbelow.

1. Ecological Changes due to Flooding

Other aspects of ecological changes due to flooding to be addressed include -

(a) Construction ofa floodwater biota food web

This will beundertakenby collaborative researchers fromthe New SouthWalesFisheries and the
Murray-Darling FreshwaterResearchCentre. Initial information on population dynamics of
floodwater biota shouldbe available in late 1992.

(b) The role oflitter in determiningfloodwater physio chemistry

Initiallythis will involvecomparison of floodwater from plots inundated at differenttimes of the year.
Changes in litter quantityand composition duringflooding willbeassessed in 1992/1993.

(c) E. camaldulensis reproductive response to varying water management

Litter traps have alreadybeen used to assess seed fall. This workwillbe expanded in spring 1993to
studythe effectsof flooding regimes on flowering andseed set Otheranticipated studiesinclude:

Germination of E. camaldulensis seed

Survivalof E. camaldulensis

Growthof E. camaldulensis saplings

These studies have been delayed until the cyclicpatternof the various floodregimes are well
established.

(d) Chemistry ofE. camaldulensis leaves

Initial entomological leaf phenology studies showleaf size anddamage varieswithflood regimes.
This maybe due to indirecteffectsof flooding on nutrientavailability and uptake(Heinrich, 1990).
Leafnutrientstatus shouldbe assessed in 1994. Changing moisture stressmay alsoinfluence
production of chemicals capableof inhibiting insect activity. Essential oils such as cineolecan make
leaves less palatable. The effectof flooding on cineoleconcentration in leaveswillbe investigated in
1992/93.
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(e) Changes in wood character

The annual assessment of DBH will indicate change in tree growth rate. Beginning in 1993, recording
dendrometers will be used to assess short term fluctuations in trunk circumference. Increment borers
will also be used to assess change in bark and sapwood thickness. Towards the end of the experiment,
several trees on the edge of the plots should be harvested and the effects of the various flood regimes
on wood structure assessed.

2. Developmentofa Hydrological Budget

The second of the two key aims of the project is the development of a hydrological budget for the
various flooding regimes..Figure 23 presents the various components of the hydrological cycle likely
to occur in the plots. An indicative schedule for measuring the various components is:

Component Proposed technigue Monitoring Schedule beginning

Inputs
.Rainfall Rain gauges Continuous Spring 1992
.Through fall Rain gauges Continuous Spring 1992
.Interception Stem flow Continuous Spring 1992

.Floodwater V notch weir upstream During flood times Summer 1993

.Groundwater Piezometers Monthly Summer 1993
(possibly isotopes)

Outputs
.Evaporation - soil Class A pan Continuous Spring/Summer 1992

- water Class A pan Continuous Spring/Summer 1992

.Transpiration - grasses + soillysimeter Short term Autumn 1993
- trees sap flow monitoring system Short term Spring 1992

.Distribution - soil Neutron probes Monthly Winter 1991
- water Mapping Once during flood Spring 1992

The full development of this monitoring schedule will depend on adequate resources bein! available.
The hydrological information can be used to predict forest production (Le. m3 timber ha- + biomass
ha-I) per unit water used. .

3. Implementation ofForest Flood Management on a Macro Scale

This final component of the project will aim to utilize the intensive studies from Gulpa Island State
Forest as a model for identifying the degree of moisture stress in forests and for predicting water use
when large-scale portions of the forest are flooded. Several approaches will be tested, including:

1. use of remote sensing of the Gulpa Island forest plots to identify stress related changes in
radiation reflection patterns;

2. use these patterns to identify areas of the forest that are under similar stress;

3. ground truthing of these areas;

4. monitoring changes in soil water content and tree growth rates following flooding.

This component of the project may form the basis of a new water management/monitoring system for
all the riparian E. camaldulensis forests.
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Appendix 1. Locationof transectsand quadrats for understorey vegetationassessment, Gulpa
Island StateForest.

The following tables list detailsof locationsof transects and quadrats. Transectsare labelledusing the
standard procedure depictedin Figure26. Parameters are as follows:

ORIENT PR WATERWAY - compassbearingat whichthe transect is oriented,beginningat the
runnerend

REP PEG - pegs markingthe side boundaries of the plot are used as startingpoints for locatingthe
transectposition. The numberlisted is the peg numbercountingfromthe cornerpeg in the runneras
numberone

DIST- distance in metresof the transectfromthe reference peg, alonga line approximately
perpendicular to the side boundaryof the plot

PI-PS - distances of quadratcornerpegs alongthe transect, startingat PI=lm, as shown in Figure26.
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Appendix 1. (cont.)

Northern plots

Orient
Fr. waterway Ref Transect Dist PI P2 P3 P4 P5

Plot (deg) Peg No. (m) (m) (m) (m) (m) (m)

N1 70 3 A1 13 1 10 19 25 35
N1 70 3 A2. 28 1 10 \ 28 34 44
Nl 70 3 A3 32 1 8 17 23 33
N1 70 3 81 14 1 6 21 27 37
Nl 70 3 82 18 1 7 23 29 39
N1 70 3 83 33 1 6 22 28 38

N2 290 2 A1 13 1 10 29 35 45
N2 290 2 A2. 23 1 11 33 39 49
N2 290 2 A3 32 1 12 33 39 49
N2 290 2 81 16 1 16 41 47 57
N2 290 2 82 27 1 14 38 44 54
N2 290 2 83 33 1 14 38 44 54

N3 315 3 Al 19 1 2 12 18 28
N3 315 3 A2. 25 1 3 13 19 29
N3 315 3 A3 37 1 3 16 22 32
N3 280 3 81 12 1 5 19 25 40
N3 280 3 82 22 1 6 21 27 37
N3 280 3 83 28 1 4 17 23 33

N4 130 2 A1 14 1 21 47 53 63
N4 130 2 A2. 17 1 22 49 55 65
N4 130 2 A3 21 1 25 54 60 70
N4 130 2 81 12 1 30 64 70 80
N4 130 2 82 17 1 29 62 68 78
N4 130 2 83 20 1 29 63 69 79

N5 290 3 A1 21 1 5 18 24 34
N5 290 3 A2. 38 1 5 19 25 35
N5 290 3 A3 42 1 4 17 23 33
N5 290 3 81 17 1 4 17 23 33
N5 290 3 82 20 1 4 17 23 33
N5 290 3 82 43 1 4 17 23 33
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Appendix 1. (cont.)

Central plots

Orient
Fr. waterway Ref Transect Dist PI P2 P3 P4 P5

Plot (deg) Peg No. (m) (m) (m) (m) (m) (m)

Cl 280 4 Al 14 1 2 12 18 28
Cl 280 4 A2 17 1 2 12 18 28
Cl 280 4 A3 30 1 2 12 18 28
Cl 280 4 81 20 1 2 12 17 27
Cl 280 4 82 27 1 2 12 18 28
Cl 280 4 83 34 1 2 12 18 28

C2 250 4 Al 13 1 5 18 24 34
C2 250 4 A2 21 1 5 19 25 35
C2 250 4 A3 37 1 8 25 31 41
C2 250 4 81 16 1 5 18 24 34
C2 250 4 82 31 1 5 20 26 36
C2 250 4 83 35 1 4 16 22 32

C3 80 4 Al 7 1 8 25 31 41
C3 80 4 A2 10 1 8 24 30 40
C3 80 4 A3 16 1 6 19 25 35
C3 80 4 81 12 1 6 21 27 37
C3 80 4 82 14 1 6 20 26 36
C3 80 4 83 19 1 7 22 28 38

C4 260 4 Al 16 1 6 20 26 36
C4 260 4 A2 19 1 6 20 26 36
C4 260 4 A3 28 1 4 17 23 33
C4 260 4 81 18 1 3 15 21 31
C4 260 4 82 28 1 3 14 20 30
C4 260 4 83 37 1 4 16 22 32

C5 280 4 Al 23 1 7 23 29 39
C5 280 4 A2 28 1 7 23 29 39
C5 280 4 A3 33 1 5 19 25 35
C5 280 4 81 13 1 5 22 28 38
CS 280 4 82 23 1 6 20 26 36
CS 280 4 83 29 1 S 17 23 33
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Appendix 1. (cont.)

Southern plots

Orient
Fr. waterway Ref Transect Dist PI P2 P3 P4 PS

Plot (deg) Peg No. (m) (m) (m) (m) (m) (m)

51 250 3 A1 12 1 8 24 30 40

51 250 3 P2. 18 1 8 24 30 40

51 250 3 p.:J 28 1 7 23 29 39

51 250 3 81 25 1 10 28 33 44

51 250 3. 82 28 1 11 30 36 46

51 250 3 83 34 1 11 31 37 47

52 270 3 A1 13 1 4 17 23 33

52 270 3 P2. 21 1 :3 16 22 32

52 270 3 A3 26 1 5 20 26 36

52 270 3 81 18 1 4 18 26 36

52 270 3 82 20 1 4 16 22 32

52 270 3 83 22 1 3 14 21 31

53 50 3 A1 20 1 3 13 19 29

53 50 3 A2 30 1 3 14 . 20 30

53 50 3 A3 34 1 3 14 20 30

53 50 3 81 14 1 2 12 18 28

53 50 3 82 34 1 4 18 24 34

53 50 3 83 44 1 2 12 18 28

S4 90 3 A1 17 1 9 27 33 43

S4 90 3 P2. 21 1 10 29 35 43

54 90 3 A3 24 1 10 29 35 42
54 90 3 81 14 1 11 30 36 46

S4 90 3 82 21 1 14 32 38 48
S4 90 3 83 31 1 16 35 41 51

S5 60 3 A1 15 1 2 12 18 28
S5 60 3 P2. 22 1 2 12 18 28
S5 60 3 A3 34 1 2 12 18 28
S5 60 3 81 12 1 3 14 20 30
S5 60 3 82 24 1 2 12 18 28
55 60 3 83 31 1 2 12 18 28
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Appendix 2. Related current projects on vegetation.

Several broadly related projects are currently being undertaken on the Murray floodplain by other
organizations. These are:

.Department of Conservation and Environment, Victoria (K. Ward and B. Atkins, D.C.E., Shepparton,
Victoria). Investigating flooding requirements of Moira grass (Pseudorhaphis spinescensy plains in
Bannah Forest This is to be extended to rushland (mainly Juncus ingens) and river red gum
communities. Sampling intensity for these investigations is spatially less then our assessments but
concentrates on short-term changes in vegetation. There are two treatments, current and natural
flooding. Bannah Forest differs from Gulpa Island in being subject to a more extensive sheet flooding
pattern relative to thechannel pattern of flooding in the latter. The understorey vegetation reflects this
difference, with Bannah Forest having a greater abundance of species characteristic ofmore frequency
flooded sites. P. spinescens and J. ingens do not occur in the Gulpa Island trial area.

Ward and Atkins are also sampling vegetation in the six Gulpa Island plots which receive either
annual winter flooding or annual flooding in ~th winter and summer. They record leaf litter and
vegetation cover and composition in three 1 m quadrants on a monthly basis, in each of two transects
in each plot, sampling flooded and unflooded portions of each plot.

CSIRO Division of Water Resources, Griffith, New South Wales 0. Roberts), aims to investigate the
relationship between flooding regime and composition of wetland and riparian vegetation. This
project is designed as an extensive survey using a series of transects along flooding gradients. It may
assist to provide a general context for the results of the Gulpa Island study.
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Annotated list of vascular plantspecies recorded from understorey quadrats, Gulpa
Island StateForest, November 1990. Taxonomy andnomenclature follow Jacobs
andPickard (1981), Jacobs andLapinpuro (1986) or Harden (1990, 1991).

ALISMATACEAE

Damasonium minus - occasional, mainly northern andsouthern plots, in waterways

AMARANTHACEAE

Alternantheradenticulata - rare, southern plots, in waterways
Alternanthera species A - occasional, in waterways

ASPHODELACEAE

Arthropodium milleflorum - rare, on rises

ASTERACEAE

*Arctothecacalendula - occasional, on rises, northern and central plots
*Centipeda bipinnata- rare, in waterways, central plots
Centipeda cunninghamii - occasional, in waterways
*Carduus tenuiflorus - widespread, common in southern plots, on rises
*Cirsiumvulgare - uncommon, on rises
Cotulaaustralis- locally common in a fewwaterways, except central plots
*Cotulabipinnata- local,central plots
Gnaphalium sphaericum - occasional, on rises
*Hypochoeris radicata - widespread andcommon overmostof the area, on rises
*Lactueaserriola- common in southern plots, on rises
*Leontodon taraxacoides -local, occasional in waterways, southern plots
*Senecio?species E - occasional, on rises
*Sonchus asper - common andwidespread, on rises
*Sonchus oleraceus- occasional, on rises, northern plots

AZOLLACEAE

Azollapinnata -locally common, on free water in some waterways
Azollafiliculoides - local, occasional, onfreewater in some waterways

BORAGINACEAE

*Echium plantagineum - occasional, sometimes locally common, on rises

BRASSICACEAE

Cardamine sp. - occasional, in waterways
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Appendix 3. (cont.)

CAMPANULACEAE

Wahlenbergiajluminalis -locally commonin waterways

CARYOPHYLLACEAE

*Cerastium glomeratum - infrequent, on rises
*Petrorhagia vetutina- common, sometimes locallyabundant, on rises,mainlycentralplots
*Stellariamedia - rare,on rises

CHENOPODIACEAE

Chenopodium pumilio - local,occasional, in waterways

CRASSULACEAE

Crassula peduncularis - local, occasional, in waterways
Crassula sieberiana - occasional, on rises,northernandcentralplots

CYPERACEAE

Carexchlorantha - rare,local,marginof waterways, northernplots
Carex inversa - widespread, common, waterways and rises
Carextereticaulis - abundant in southern plots, sometimes locallydominant, on marginsof waterways
Eteocharis acuta - widespread, abundant, in waterways .
Eleocharis pusilla - locallyabundant in waterways, mainlynorthernplots
Isolepis victoriensis -locally common on margins of waterways
Isolepishookeriana - occasional, locallycommon, in waterways
Isolepis inundatus - rare, local, in waterways

EUPHORBIACEAE

Chamaesyce drummondii - widespread, infrequent, waterways andrises

FABACEAE

*Medicago polymorpha - occasional, on rises
*Trifolium angustifolium - occasional, locallycommon, on rises
*Trifolium arvense- widespread, common, on rises
*Trifolium campestre - widespread, common, on rises
*Trifolium cernuum - widespread, occasional, on rises
*Trifolium glomeratum - widespread, common, on rises
*Trifolium tomentosum - widespread, occasional, on rises
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Appendix 3. (cont)

GERANIACEAE

Geranium solanderi -Iocal, occasional, on rises, southern plots

GOODENIACEAE

Goodenia sp, - rare,on rises

HALORAGACEAE

Myriophyllwn crispatum -locally common in waterways, absent from northern plots

IRIDACEAE

*Romulea rosea- rare,on rises

LAMIACEAE

*Marrubiwn sp. - infrequent, on rises

LOBELIACEAE

Pratia concolor - rare,in waterways

LYTHRACEAE

Lythrum hyssopifolia - rare, local

JUNCACEAE

Juncusaridicola - common in waterways, except central plots
Juncusaridicola x Tamabilis - occasional in waterways
Juncusflavidus - common, widespread, rises andwaterways

JUNCAGINACEAE

Triglochin procera - common, in waterways

MARSll.EACEAE

MarsileaTangustifolia - occasional, in waterways, northern andcentral plots
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Appendix 3. (cont)

MYRTACEAE

Eucalyptus camaldulensis - cotyledonstage seedlings widespread in waterways

ONAGRACEAE

Epilobium hirtigerum - occasional, mainlyin waterways

OXALIDACEAE

Oxalis corniculata spp. agg. - widespread, occasional, on rises

POACEAE

Agrostisavenacea - widespread andfairly common, mainly alongmarginsof waterways
*Airacaryophyllea - widespread and locallycommonon rises
Amphibromus nervosus - occasional in waterways, southernplots
*Avena barbata - widespread, abundant, mainly rises,oftenlocallydominant
*Briza minor- rare, local, on rises
*Bromus alopecuroides - commonin southernplots, on rises
*Bromus diandrus - widespread and common, on rises
*Bromus madritensis - widespread and common, on rises
*Bromus hordaceus - widespread and common, on rises
*Bromus rubens - widespread and abundant, especially northernplots, on rises
*Bromustectorum - widespread and common, on rises
Cynodon dactylon - rare, in waterways, southernplots
Danthonia setacea- fairly common, widespread, mainlyon rises
Elymusscabervar. scaber- widespread, occasional, mainly rises
*Hordeum leporinum -locally common, on rises,mainlynorthernplots
*Lolium ?loliaceum - widespread, common, rises andmargins
*Loliumperenne- widespread, common, rises andmargins
*Lophochloa cristata - widespread, occasional, on rises,northernand centralplots
*Phalaris paradoxa - occasional smallpatches, on rises
Stipanodosa - widespread but rare,on rises
*Vulpia bromoides - widespread, abundant, on rises, oftenlocallydominant
*Vulpia myuros- widespread, abundant, on rises, oftenlocally dominant

POLYGONACEAE

Rumexbrownii - widespread, common, rises and waterways

POTAMOGETONACEAE

Potamogeton tricarinatus -Iocal, in waterways
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Appendix 3. (cont.)

PRIMULACEAE

*Anagallis arvensis - rare,on rises

RANUNCULACEAE

Ranunculus inundatus -locally common in waterways, southern plots
Ranunculus sessiliflora - widespread, mainly margins of waterways

ROSACEAE

Aphanes australiana - rare,on rises

SCROPHULAR1ACEAE

Grattola pedunculata - local,occasional, mainly centralplots
*Veronicaperegrina -Iocal, rare

STACKHOUSIACAE

Stackhousia sp. - rare,on rises

SOLANACEAE

*Solanum nigrum - rare,on rises

• = naturalized alien

? = determination uncertain

waterways refer to recently inundated lineardepressions

"rises" refer to higher ground above the level of runner inundation, which are flooded only during significant flood events

and which drain rapidly
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Photo 1.

Photo 2.

River Red Gum forest in flood.

Drier ponion of forest. Note relatively open canopy with thick herbaceous understorey.
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