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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)
(=S1) (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? g1); C) mean percentage defoliation per sample; and D) mean leaf area/twig area
(cm? g') 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=0.047). Bars represent the 95% Confidence Intervals.
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At this stage the identification of most of these insects has only been taken to approximately family
level. This will improve with subsequent insect samplings when more immature insects can be reared
through and specimens sent to taxonomists for identification.

(c) Litter trap cbllections

The contents of all eighteen litter traps were collected monthly during the period December 1990 to
April 1991 and given a preliminary sorting. Plotting the dry weights of leaves, twigs, bark and
reproductive parts (buds and capsules) revealed that no significant trends had yet become established
between watering treatments. When the litter trap data was combined over all treatments, however,
the plots revealed more leaves and bark were collected during the summer months (January and
February 1991) than in the autumn months (March and April 1991). Also more leaves were caught in
the traps in Rows 1 and 2 than in Rows 3 to 6. This pattern of leaf-fall was greatest during January
and February. Likewise more buds and capsules were collected in March 1991 than in the other four
. months and the majority (75%) of these fell in Rows 1 and 2.

The insect cadavers 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 of Preliminary Studies

In order to fully interpret the interactions between insect herbivory and host water stress it is first
necessary to gain some knowledge of the shoot dynamics of the E. camaldulensis trees in this trial. It
is for this reason that the entomological component of the Gulpa Island State Forest Watering Trial has
concentrated during the first four months on developing sampling regimes that provide accurate
foliage descriptions. This will not only contribute to understanding the entomology of the river red
gums but also to the broader objectives of the project.

The fact that canopy aspect contributes an insignificant level of variation to the foliage while tree
variability was found to be very high has resulted in the monthly sampling regime for foliage being
modified. Commencing in May 1991 the number of branches per tree was decreased from four to two
while the number of trees per treatment was increased from two to six (i.e. two trees from Rows (sub-
- plot) 1, 2, and 4 per month).

While the problems associated with intraspecific variability of eucalypts are regularly encountered in
field trials, reports on the variation within single canopies in terms of insect defoliation have been
conflicting (Ohmart et al., 1984; Landsberg, 1989). A possible explanation for the apparent
uniformity of both growth and insect attack in these E. camaldulensis crowns could be due to the
forest having an open structure and hence crowns having minimal interference with one another. It is
hoped that if canopy differences between neighbouring trees of similar age arise, in part, from
differences in their water-status, then pressure bomb measurements should correlate with crown
development and insect herbivory.

The first four months of results have shown that over the summer months total leaf area per twig
significantly increased through the production of fresh foliage. It is not unreasonable to assume that
the main periods of active growth of E. camaldulensis is influenced not only by temperature but also
by the alleviation of water stress. However, the relative contributions to foliage production by the
normal seasonality of shoot growth and by the water treatments are unknown at present.
Unfortunately, treatment effects were not detected in the data obtained within the period up to two
months after application of the first differential watering. A further 12 months of treatment
application and an increase in the number of trees sampled (to overcome the large between tree
variability) will, however, greatly increase the probability of detecting treatment effects.
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Sampling from the regenerating saplings over the summer months revealed firstly, that the foliage was
less variable between young trees than between mature trees and secondly, they did not appear to
respond to seasonal fluctuation through new foliage production to the same extent as the mature trees.

The average level of insect defoliation in the mature trees between December 1990 and March 1991
was 21 percent. Because of the relatively low numbers of herbivorous insects present in the canopies,
this must be viewed as the non-outbreak background level of defoliation. Although comparisons of
levels of eucalypt herbivory recorded previously must be treated cautiously (Ohmart, 1984; Fox and
Morrow, 1986), this level of defoliation is above what is now considered average for Australian
eucalypt forests (Fox and Morrow, 1986 (15% to 20%); Landsberg and Ohmart, 1989 (8.5% + 5.0%)).
Future sampling from the insecticide treated trees will assist in determining what impact this level of
defoliation has on the growth of the trees. The average level of defoliation in the regenerating saplings
over the summer months (December 1990 to February 1991) was very similar to that of the mature
trees (21.5%), however monthly variability was slightly higher.

It is hoped that the incorporation of data obtained from both the litter-trap data and the permanently

* tagged branches into the main data base will circumvent some of the criticisms that have been directed
at earlier studies on eucalypt herbivory (e.g. Ohmart, 1984; Fox and Morrow, 1986). The litter trap
data will also enable the comparisons of seasonality and rate of litter fall between water-stressed and
unstressed trees. Briggs and Maher (1983) suggest that E. camaldulensis litter may provide an
important food source for detritivorous invertebrates and hence waterfowl in this river red gum
ecosystem. Release of nutrients from litter in flooded waterways will be studied in limnological
component of the study. Leaf nutrient concentrations will also be measured.

Finally, the intensive shoot assessment of E. camaldulensis developed for this study should not only
identify possible interactions between water-related stress and insect herbivory 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.  Introduction

During these trials, ephemeral ponds (flooded plots) were established at different times in 1991/92.
Description of these plots is given in "Experimental Outline", pages 10-35, of this report. Water
drawn from adjacent streams will remain on part of each plot for up to six weeks. Many river algae
may be expected to flourish in such warm shallow pools but their populations may vary significantly
from those in their original environment. Little is known of the ecological role of algae in such
ephemeral waters, yet their position near the base of the food chain makes these organisms important
when planning the holostic management of river red gum forests. It is in this area that a number of
questions need to be answered:-

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

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

3. Are there significant contributions to river red gum nutrition either directly as a green
manure c¢rop when the water recedes or via Azolla/Anabaena fixation of nitrogen?

4. Do algal blooms occur which increase these contributions?

5. Do algal blooms occur which pose problems for native animals or stock, e.g. Anabaena or
Microcystis? ’

The algae most likely to occur in the trial plots are expected to show growth patterns similar to those
in their source rivers. However the relationship between algae population in the source waters and
algae populations in the forest waterways needs to be assessed. Investigation of river red gum
floodplain algae communities should make a useful contribution to this body of knowledge.

2. Aims of the Algae Study

1. To determine the algal flora associated with the flooded plots and adjacent natural
watercourses and lagoons.

2. To examine changes in the populations of significant algal taxa during the trial floodings.
3. To evaluate the contribution of 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 comprised three qualitative samplings of flooded plots and of their source waters
comprising adjacent creeks and a large lagoon.

On 22 November, 1990, 23 January, 1991 and 19 June, 1991 three 250 ml water samples were taken
from marked positions in Gulpa Creek, McCartney’s Creek and Horseshoe Lagoon and from some
research plots as shown in Table 8. The marked positions were near the regulators supplying the
experimental plots.
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Table 8. Sites sampled in preliminary algal survey - Gulpa Island Watering Trials,
22 November, 1990 to 19 June, 1991.

Date Sites examined
*

22 November, 1990 Gulpa Creek, McCartney’s Creek, Horseshoe Lagoon, Plots S4,
C2, C4,N1, N2 and NS. '

23 January, 1991 Gulpa Creek, McCartney’s Creek (two sites + Channel to Horseshoe
Lagoon, Horseshoe Lagoon (plus a channel site); Plots S4, S5, C4
C5, N4 and NS.

19 June, 1991 Gulpa Creek, McCartney’s Creek and Horseshoe Lagoon.

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

The samples were taken from the littoral zone just below waterline of the creeks and lagoon and from
the deepest position within flooded plots. Each sample included bottom sediments and, where present,
portions of aquatic plants.

The samples, contained in clean plastic bottles with ‘snap on’ lids, were despatched to the laboratory
in insulated containers plus ‘cooler’ bricks. Rapid transit enabled the samples to be examined within
24-36 hours. This was considered necessary to minimise changes in the biota due to temperature and
OXygen variations, predation by invertebrates and degradation by fungi and bacteria.

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

Small amounts of sediment plus scrapings and squeezing from plant stems, leaves and roots were
mounted in water from the sample and examined for the presence of microalgae and micro-
invertebrates. Afier standing in subdued light for several days a further examination was made in the
same way.

Because it was an initial assessment, identification was made to a generic level only, unless a species
could be clearly determined. Occurrences of micro-invertebrates in each sample were recorded either’
to generic or higher taxa levels.

Where determinations could be made to a specific level, these were recorded for a future report and
small samples from each collection were reserved for further study.

The procaryotic CYANOPHYTA - Anabaena, Microcystis and Oscillatoria have in the past been
classified as algae but are now regarded as cyanobacteria. They are listed here as Cyanochloronta.
The genera Chlamydomonas, Euglena, Trachelomonas and Volvox are treated as algae (Prestcott,
1978; Bold et al., 1980) rather than as protozoa (Williams, 1980).
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4.  Results of Initial Assessment

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, Closter'ium, Cosmarium, Desmidium, Euastrum,
Gleocystis, Micrasterias, Oedogonium, Pediastrum, Pleurotaenium, Scenedesmus, Staurastrunm,
Staurodesmus, Volvox
EUGLENOPHYTA (cuglenids)
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 ASCHELMINTHES
UNIDENTIFIED 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.

Location(l)

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

CYANOPHYTA
(blue green algae)

Microcystis X X
Oscillatoria
Anabaena X

>4

CHLOROPHYTA
(green alga)

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

Staurastrum X

R H M M
P o lo TS
Moo MM
ol
>
Lo lke

R WK M

EUGLENOPHYTA
(euglenids)

Euglena
Phacus
Trachelomonas

ol ol
bl i
> > M
P 4

PYRROPHYTA
(dinoflagellates) X

CHRYSOPHYTA
(non-diatoms)

Synura X
(diatoms)

Melosira
Asterionella
Synedra
Frussulia
Gyrosigma

Moo MR
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Table 10. (cont.)

Taxa Location(l)
M?P H S4 S5 C2 C4 C5 N1 N2 N4 N5

aQ

Navicula
Pinnularia
Stauronets
Cymbella
Epithemia
Rhopalodia
Hantzschia
Nitzschia
Surirella

Cole
>
P4 M
>

X X X
X X X

M oM
>
Lol

b I B
>
>

>

o
P
Eo R
>
ol ale
sl

PROTOZOA

Euglypha X

Cyclopyxis X X
Coleps X X X
Paramecium X X X
Vorticella

Euplotes X X
Spirostomium X X

»4

Nematoda X X X X

Rotifera X X X

M Location and sampling dates:- .
G = Gulpa Ck.; M = McCartney’s Ck., H = Horseshoe Lagoon (22.11.90, 19.6.91)
$4 to NS5 are plot numbers
S4, C4, N5 (22.11.90, 23.1.91)

C2,N1, N2 (22.11.90)

§5,C5,N4 (23.1.91)
@ McCartney’s Creek is closely linked to S4. All other plots are watered from Horseshoe
Lagoon.

5. Discussion

The algae and invertebrates found in the initial survey are common in the freshwaters of southern
Australia. Most are planktonic (Cyanophyta, Chlorophyta and Euglenophyta) or epiphytic or bottom
dwellers (diatoms) but there were some exceptions to this generalisation.

Sullivan ez al. (1989) has found the most common genera in the adjacent Murray system during the
period 1980-85 included Ankistrodesmus, Asterionella, Anabaena, Melosira, Nitzschia, Synedra and
Trachelomonas. All these genera were found in the initial survey.

Genera which contain species causing problem algal blooms or which indicate that conditions are
suitable for such blooms are Anabaena, Asterionella, Euglena, Microcystis, Melosira, Oscillatoria,
Synedra and Synura. These genera will require further monitoring, as some of these were present.
Anabaena azollae was found within the leaves of the water fern Azolla from Gulpa Creek. Its
importance as a green manure component of the river red gum system needs further study.
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Data in Table 10 suggests there is movement of both planktonic and benthic algae from river to plot.
The data is insufficient to allow conclusions as to the likely behaviour of these algae over the period of
floodwater retention.

Invertebrates have been recorded to generic or higher levels but it is not proposed to study these in any
detail. These organisms are best handled by the Murray-Darling Freshwater Research Group who
have considerable expertise in this area.

6. 1991-1993 Studies

It is proposed to study two flooding cycles, one from late winter to early spring and one in mid-
summer. The aim is to determine qualitative and quantitative changes in the composition of the algal
biota during each flooding sequence. These will then be related where possible to changes in
floodwater chemistry and other food chain components. Weekly qualitative sampling is proposed for
each flooded plot commencing one week after flooding and continuing until the flood recedes. This is
expected to cover a period of four to six weeks. Similar samples are proposed for Gulpa Creek,
McCartney’s Creek and Horseshoe Lagoon just before and during each flood regime. Sampling areas
in the study are shown in Table 11.

Sampling methods are to be the same as those described for the initial survey. Additional data
required at each sampling are air and water temperatures and O, determinations whilst pH will be
determined on receipt at the laboratory. A sampling protocol has been prepared for District Staff.
Several precautions are essential. All sample points should be clearly marked. Water temperature and
water O, sample collection depths are to be standardised at 10 cm. Oxygen determinations are to be
made using a YSI® meter. These measurements should be compared on site with the New South
Wales Fisheries meter measurements and every effort made to standardise the results between the two
groups. It may also prove useful to conduct a series of O2 determinations at two-hourly intervals over
a 24 hour period in plots showing unusual population responses.

Invertebrates present in each sample will be recorded to the taxa considered most practicable. Algae
however will be determined to species level wherever possible.

Weekly quantitative samples are proposed using an artificial substrate (glass slides). This method is
considered better suited to the shallow waters of the plots than net sampling. Whilst it favours
epiphytic diatoms, past experience suggests that many planktonic algae show population fluctuations
on such substrates. When combined with the results from littoral samples it is hoped that a useful
picture of changes in the algal biota will be obtained.

The slide holders each contain a set of nine carefully cleaned slides placed side by side and orientated
to face across the current flow. In all except very clean New South Wales streams, algal deposition is
such that counting individual plants becomes difficult for intervals longer than one week. For each
slide the number of each genera present in 30 fields viewed at X 375 will be counted and combined to
give an estimate of the number per mm* for each taxa at each sampling.
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Table 11. Plots sampled in 1991and 1992. Gulpa Island State Forest Watering Trials.

Plots
Date *
G M H Southern Central Northern
Aug/Sep 1991 X X X 2,4 2,4 2,4
Jan/Feb 1992 X X X 4,5 ) 4,5 4,5
* G = Gulpa Creek, M = McCartney’s Creek, H = Horseshoe Lagoon .

Azolla blooms occur in quiet reaches of the two creeks and the lagoon. Itis proposed during 1992-
1993 that the proportion of plot surface waters covered by Azolla be estimated whenever such blooms
appear. These will also be sampled to determine the Azolla/Anabaena complex specific to that plot.

It is hoped that these studies may be integrated with the work of other groups, e.g. fish nutrition
(Fisheries), invertebrates (Murray-Darling Freshwater Research Centre) and river red gum silviculture
(Forestry Commission of New South Wales).
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FUTURE DIRECTIONS FOR THE PROJECT

It is expected that the experiment will continue for twelve years. This would enable two cycles of the
four year flood to be completed. It would also allow time for longer term changes in the ecosystem to
be apparent. For example, widespread death of E. camaldulensis and subsequent replacement with
various box species is unlikely to occur within a single decade. Similarly recolonisation of the
frequently flooded waterways with more aquatic flora or fauna is likely to be slow.

In the initial phase of the experiment we have concentrated on measuring ecological changes due to
tflooding. Some of these changes, for example tree growth, will require long-term monitoring.

The project has two basic approaches:
1. To monitor ecological responses due to flooding
2. To develop a hydrological budget for the various flood treatments

Earlier sections of this report identified the approaches being undertaken to measure ecological
charges due to flooding. Other studies proposed for the future are given below.

1. Ecological Changes due to Flooding
Other aspects of ecological changes due to flooding to be addressed include -

(a) Construction of a floodwater biota food web
This will be undertaken by collaborative researchers from the New South Wales Fisheries and the
Murray-Darling Freshwater Research Centre. Initial information on population dynamics of
floodwater biota should be available in late 1992.

(b)  The role of litter in determining floodwater physio chemistry

Initially this will involve comparison of floodwater from plots inundated at different times of the year.
Changes in litter quantity and composition during flooding will be assessed in 1992/1993.

(¢) E.camaldulensis reproductive response to varying water managemert

Litter traps have already been used to assess seed fall. This work will be expanded in spring 1993 to
study the effects of flooding regimes on flowering and seed set. Other anticipated studies include:

Germination of E. camaldulensis seed
Survival of E. camaldulensis
Growth of E. camaldulensis saplings

These studies have been delayed until the cyclic pattern of the various flood regimes are well
established.

(d)  Chemistry of E. camaldulensis leaves

Initial entomological leaf phenology studies show leaf size and damage varies with flood regimes.
This may be due to indirect effects of flooding on nutrient availability and uptake (Heinrich, 1990).
Leaf nutrient status should be assessed in 1994. Changing moisture stress may also influence
production of chemicals capable of inhibiting insect activity. Essential oils such as cineole can make
leaves less palatable. The effect of flooding on cineole concentration in leaves will be 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.  Development of a 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 technique Monitoring Schedule beginning
Inputs
Rainfall Rain gauges Continuous Spring 1992
.Through fall Rain gauges Continuous Spring 1992
JInterception Stem flow Continuous " Spring 1992
JFloodwater 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 + soil lysimeter 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 1g available.
The hydrological information can be used to predict forest production (i.e. mS timber ha'! + biomass
ha™") per unit water used.

3. Implementation of Forest 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. Location of transects and quadrats for understorey vegetation assessment, Gulpa
Island State Forest. ‘

The following tables list details of locations of transects and quadrats. Transects are labelled using the
standard procedure depicted in Figure 26. Parameters are as follows: '

*

ORIENT FR WATERWAY - compass bearing at which the transect is oriented, beginning at the
runner end

REF PEG - pegs marking the side boundaries of the plot are used as starting points for locating the
transect position. The number listed is the peg number counting from the corner peg in the runner as
number one

DIST - distance in metres of the transect from the reference peg, along a line approximately
perpendicular to the side boundary of the plot

P1-P5 - distances of quadrat corner pegs along the transect, starting at P1=1m, as shown in Figure 26.
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Appendix 1. (cont.)
Northern plots
Orient

Fr. waterway Ref Transect Dist Pl P2 P3 P4 P5
Plot (deg) Peg No. (m) (m) (m) (m) (m) (m)
N1 70 3 Al 13 1 10 19 25 35
N1 70 3 A2 28 1 10 . 28 34 44
N1 70 3 A3 32 1 8 17 23 33
N1 70 3 B1 14 1 6 21 27 37
N1 70 3 B2 18 1 7 23 29 39
N1 70 3 B3 33 1 6 22 28 38
N2 290 2 Al 13 1 10 28 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 B1 16 1 16 41 47 57
N2 290 2 B2 27 1 14 38 44 54
N2 280 2 B3 R X 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 B1 12 1 5 19 25 40
N3 280 3 B2 22 1 6 21 27 37
N3 280 3 B3 28 1 4 17 23 33
N4 130 2 Al 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 B1 12 1 30 . 64 70 80
N4 130 2 B2 17 1 29 62 68 78
N4 130 2 B3 20 1 29 63 €9 79
N5 290 3 Al 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 B1 17 1 4 17 23 33
N5 290 3 B2 20 1 4 17 23 33
N5 290 3 B2 43 1 4 17 23 33
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Central plots
Orient
Fr. waterway Ref Transect Dist Pl P2 P3 P4 P5

Plot (deg) Peg No. (m) (m) (m) (m) (m) (m)
Ct 280 4 Al 14 1 2 12 18 28
ct 280 4 A2 17 1 2 12 18 28
Ct 280 4 A3 30 1 2 12 18 28
C1 280 4 B1 20 1 2 12 17 27
C1 280 4 B2 27 1 2 12 18 28
(03] 280 4 83 34 1 2 12 18 28
Cc2 250 4 Al 13 1 5 18 24 34
Cc2 250 4 A2 21 1 5 19 25 35
Cc2 250 4 A3 37 1 8 25 31 41
C2 250 4 B1 16 1 5 18 24 34
c2 250 4 B2 31 1 5 20 26 36
C2 250 4 B3 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 B1 12 1 6 21 27 37
C3 80 4 B2 14 1 6 20 26 36
C3 80 4 B3 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 B1 18 1 3 15 21 31
C4 260 4 B2 28 1 3 14 20 30
Cc4 260 4 B3 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 B1 13 1 5 22 28 38
C5 280 4 B2 23 1 6 20 26 36
C5 280 4 B3 29 1 5 17 23 33
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Appendix 1. (cont.)
Southern plots
Orient
Fr. waterway Ref Transect Dist Pl P2 P3 P4 P5
Plot (deg) Peg  No. (m) (m) (m) (m) (m) (m)
St 250 3 Al 12 1 8 24 30 40
St 250 3 A2 18 1 8 24 30 40
S1 250 3 A3 28 1 7 23 29 39
St 250 3 B1 25 1 10 28 33 44
St 250 3 . B2 28 1 " 30 36 46
St 250 3 B3 34 1 1 31 37 47
S2 270 3 A1 13 1 4 17 23 33
82 270 3 A2 21 1 3 16 22 32
S2 270 3 A3 26 1 5 20 26 36
S2 270 3 B1 18 1 4 18 26 36
82 270 3 B2 20 1 4 16 22 32
S2 270 3 B3 22 1 3 . 14 21 31
S3 50 3 Al 20 1 3 13 19 29
S3 50 3 A2 30 1 3 14 20 30
S3 50 3 A3 34 1 3 14 20 30
S3 50 3 B1 14 1 2 12 18 28
S3 50 3 B2 34 1 4 18 24 34
S3 50 3 B3 44 1 2 12 18 28
S4 90 3 Al 17 1 9 27 33 43
S4 a0 3 A2 21 1 10 29 35 43
S4 90 3 A3 24 1 10 29 35 42
S4 90 3 B1 14 1 11 30 36 46
S4 90 3 B2 21 1 14 32 38 48
S4 90 3 B3 31 1 16 35 41 51
S5 60 3 Al 15 1 2 12 18 28
S5 60 3 A2 22 1 2 12 18 28
S5 ) 60 3 A3 34 1 2 12 18 28
S5 60 3 B1 12 1 3 14 20 30
S5 60 3 B2 24 1 2 12 18 28
S5 60 3 B3 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 spinescens) plains in
Barmah 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. Barmah Forest differs from Gulpa Island in being subject to a more extensive sheet flooding
pattern relative to the channel pattern of flooding in the latter. The understorey vegetation reflects this
difference, with Barmah Forest having a greater abundance of species characteristic of more 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 bgth winter and summer. They record Ieaf 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 (J. 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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Appendix 3. Annotated list of vascular plant species recorded from understorey quadrats, Gulpa
Island State Forest, November 1990. Taxonomy and nomenclature follow Jacobs
and Pickard (1981), Jacobs and Lapinpuro (1986) or Harden (1990, 1991).

ALISMATACEAE

Damasonium minus - occasional, mainly northern and southern plots, in waterways
AMARANTHACEAE

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

ASPHODELACEAE

Arthropodium milleflorum - rare, on rises

ASTERACEAE

*Arctotheca calendula - 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
*Cirsium vulgare - uncommon, on rises

Cotula australis - locally common in a few waterways, except central plots
*Cotula bipinnata - local, central plots

Gnaphalium sphaericum - occasional, on rises

*Hypochoeris radicata - widespread and common over most of the area, on rises
*Lactuca serriola - common in southem plots, on rises

*Leontodon taraxacoides - local, occasional in waterways, southern plots
*Senecio ?species E - occasional, on rises

*Sonchus asper - common and widespread, on rises

*Sonchus oleraceus - occasional, on rises, northern plots

AZOLLACEAE

Azolla pinnata - locally common, on free water in some waterways
Azolla filiculoides - local, occasional, on free water 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

Wahlenbergia fluminalis - locally common in waterways

CARYOPHYLLACEAE

*Cerastium glomeratum - infrequent, on rises

*Petrorhagia velutina - common, sometimes locally abundant, on rises, mainly central plots

*Stellaria media - rare, on rises

CHENOPODIACEAE

Chenopodium pumilio - local, occasional, in waterways

CRASSULACEAE

Crassula peduncularis - local, occasional, in waterways
Crassula sieberiana - occasional, on rises, northern and central plots

CYPERACEAE

Carex chlorantha - rare, local, margin of waterways, northern plots
Carex inversa - widespread, common, waterways and rises

Carex tereticaulis - abundant in southern plots, sometimes locally dominant, on margins of waterways

Eleocharis acuta - widespread, abundant, in waterways .
Eleocharis pusilla - locally abundant in waterways, mainly northern plots
Isolepis victoriensis - 1ocally common on margins of waterways

Isolepis hookeriana - occasional, locally common, in waterways

Isolepis inundatus - rare, local, in waterways

EUPHORBIACEAE

Chamaesyce drummondii - widespread, infrequent, waterways and rises

FABACEAE

*Medicago polymorpha - occasional, on rises

*Trifolium angustifolium - occasional, locally common, 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 - local, occasional, on rises, southern plots

GOODENIACEAE

Goodenia sp. - rare, on rises

HALORAGACEAE

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

IRIDACEAE

*Romulea rosea - rare, on rises

LAMIACEAE

*Marrubium sp. - infrequent, on rises

LOBELIACEAE

Pratia concolor - rare, in waterways

LYTHRACEAE

Lythrum hyssopifolia - rare, local

JUNCACEAE

Juncus aridicola - common in waterways, except central plots
Juncus aridicola x Tamabilis - occasional in waterways
Juncus flavidus - common, widespread, rises and waterways

JUNCAGINACEAE

Triglochin procera - common, in waterways

MARSILEACEAE

Marsilea angustifolia - occasional, in waterways, northern and central plots
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Appendix 3. (cont.)

MYRTACEAE

Eucalyptus camaldulensis - cotyledon stage seedlings widespread in waterways

ONAGRACEAE

Epilobium hirtigerum - occasional, mainly in waterways

OXALIDACEAE

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

POACEAE

Agrostis avenacea - widespread and fairly common, mainly along margins of waterways
*Aira caryophyllea - widespread and locally common on rises

Amphibromus nervosus - occasional in waterways, southem plots

*Avena barbata - widespread, abundant, mainly rises, often locally dominant
*Briza minor - rare, local, on rises

*Bromus alopecuroides - common in southemn plots, 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 northern plots, on rises
*Bromus tectorum - widespread and common, on rises

Cynodon dactylon - rare, in waterways, southermn plots

Danthonia setacea - fairly common, widespread, mainly on rises

Elymus scaber var. scaber - widespread, occasional, mainly rises

*Hordeum leporinum - locally common, on rises, mainly northern plots
*Lolium ?loliaceum - widespread, common, rises and margins

*Lolium perenne - widespread, common, rises and margins

*Lophochloa cristata - widespread, occasional, on rises, northern and central plots
*Phalaris paradoxa - occasional small patches, on rises

Stipa nodosa - widespread but rare, on rises

*Vulpia bromoides - widespread, abundant, on rises, often locally dominant
*Vulpia myuros - widespread, abundant, on rises, often locally dominant

POLYGONACEAE

Rumex brownii - widespread, common, rises and waterways

POTAMOGETONACEAE

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

PRIMULACEAE

*Anagallis arvensis - rare, on rises

RANUNCULACEAE

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

ROSACEAE

Aphanes australiana - rare, on rises

SCROPHULARIACEAE

Gratiola pedunculata - 1ocal, occasional, mainly central plots
*Veronica peregrina - local, rare

STACKHOUSIACAE

Stackhousia sp. - rare, on rises

SOLANACEAE

*Solanum nigrum - rare, on rises

* = naturalized alien
? = determination uncertain
walerways refer to recently inundated linear depressions

“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. River Red Gum forest in flood.

Photo 2. Drier portion of forest. Note relatively open canopy with thick herbaceous understorey.
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