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EXECUTIVE SUMMARY

In July 2003 a water management plan for the Great Forester catchment was

completed.  While this plan contained an environmental water provision for the river

environment, it recognised that little was known about the needs of the wetland

located at the bottom of the catchment, and a commitment was made by DPIW to

undertake studies to examine this.

The McKerrows Marsh study commenced in October 2004 with a review of

information on the hydrology and hydrogeology of the area (DPIWE 2005a).  This

was followed by further work to gain a better understanding of the ecosystem of the

marsh (DPIWE 2005b) and the installation of a groundwater monitoring system to

examine the linkages between surface water and groundwater. From this early work,

existing uses, values and threats were identified and used to develop management

objectives to guide the development of appropriate water provisions for the marsh

(DPIWE 2005c).

This is the final report in the series for this study.  It contains a discussion of the

results of surface water and groundwater monitoring, presents conceptual models to

illustrate important links between hydrology and ecosystem characteristics, and a

computer simulation model for the local groundwater system that was developed

using the GMS MODFLOW software package. This model was constructed to assist

in developing a water resource budget for the marsh.

The study found that during periods of low inflow, groundwater beneath the marsh is

likely to be critical in sustaining the regionally significant blackwood-paperbark

swamp forest and water level within the river channel itself.  Measures to prevent

significant draw-down of groundwater level are recommended.

Flood events that inundate the marsh are also important to the health and function of

the ecosystem, and these presently occur about 3 times every 2 years.  As well as

having significant ecological benefits, these events initiate recharge to the

groundwater system within and around the marsh.  The report recommends that the

bulk of catchment runoff that occurs during early winter rainfall is retained in the

river for the purpose of groundwater recharge around the marsh and that the first

inundation event (when inflows exceed 1800 ML/d) be preserved. Some portion of

floodwaters after this time may reasonably be harvested without undue threat to the

marsh.
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The study also identified a couple of additional issues for management of the marsh

that are not substantially related to water use.  The first is the threat to the integrity of

the marsh ecosystem posed by willows and the other is the apparent die-back of trees

within the black gum forest in the southeast section of the marsh.

The report concludes with a recommendation that future monitoring include 3-5

yearly vegetation mapping, continued monitoring of surface water at the ‘Forester

Lodge’ station and the installation of groundwater monitoring within and/or next to

the marsh.
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1. Introduction

McKerrows Marsh is a riparian wetland of about 386 hectares that is located

immediately above the limit of tidal influence on the Great Forester River (Figure 1).

The marsh contains about 200 hectares of blackwood-paperbark swamp forest, which is

the largest remaining patch of this vegetation community type in northeast Tasmania

and is highly significant in terms of remnant vegetation communities in the northeast

region (Pannell 1992).

N 1 km

Figure 1: Map showing the boundary of the proposed Nature Reserve at McKerrows

Marsh, and the probable area of inundation during moderate floods in the Great Forester

River.

In July 2003 a Water Management Plan (WMP) for the Great Forester catchment was

completed by the Water Resources Division of DPIWE (DPIWE 2003).  During the

development of the Plan it was recognised that there was limited knowledge of the

ecosystem within McKerrows Marsh, specifically in relation to its water needs, and the

Water Assessment Branch of DPIWE (now DPIW) made a commitment to undertake

studies to examine this.

Evidence from the Australian literature (Davis 2001) suggests that the most important

aspects of the flow regime that sustain wetland ecosystems are the frequency of floods

and the duration of inundation.  As the present level of water extraction from the river

system impacts mostly on summer base flows in the river, it is unlikely that current

water usage in the Great Forester catchment upstream of McKerrows Marsh is having
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any significant impact on the long-term health of the marsh. This study was therefore

designed to focus on the needs of the marsh in relation to high flow events and the role

of groundwater in sustaining the ecosystem during dry conditions.

The McKerrows Marsh study commenced in October 2004 with desktop work to collate

existing information on the hydrology and hydro-geology of the area (DPIWE 2005a)

and to identify what was known about the blackwood-paperbark swamp forest

community.  This was then followed by field-based data gathering to gain a better

understanding of the ecology of the system (DPIWE 2005b), and the installation of

groundwater monitoring equipment to examine linkages between surface water and

groundwater within the marsh.  From this early work, existing uses, values and threats

to the marsh were identified and used to develop a number of management objectives

(DPIWE 2005c) to guide in the development of an appropriate environmental water

provision for the marsh.

This is the final report for this study, and details the results of the groundwater and

surface water monitoring at McKerrows Marsh, the development of conceptual models

for water movement and the ecosystem, and the use of this information to construct a

realistic water balance model.  The aim of this is to make informed recommendations

regarding future water management and the provision of adequate water to sustain the

marsh ecosystem.  It is envisaged that this information will make a valuable

contribution to discussions during the review of the WMP for the Great Forester

catchment towards the end of 2006.

2. Hydrologeological Assessment

2.1 Data collection

To better understand water movement in and around McKerrows Marsh, surface water

and groundwater levels were monitored from April 2005 to February 2006.  Water level

data within the river channel in the marsh has been recorded at ‘Forester Lodge’ (station

no. 19225 – previously 3466) since January 2004.  Although data from this monitoring

station cannot be converted to river flow, a station on the river approximately 15 km

upstream (station no. 19201) is rated for conversion of river level to flow and has a

long-term record stretching back to 1970.

In March 2005, two piezometer arrays were installed around the perimeter of the marsh

using a Dreifiss drilling rig to bore down approximately 8 metres (Plate 1).  The

borehole arrays consisted of two triangular borehole arrangements, one on the northern

side of the marsh on the ‘Forester Lodge’ property, and one on the southern side on the
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‘Barnbougle’ property (Figure 2).  In addition to these six piezometers, an 8 m borehole

was also drilled on the southern side, about 800 m to the east of the main array. Three

shallow piezometers (<3 m) were installed using a hand auger inside the marsh

boundary.  These piezometers were used to collect data on groundwater levels and

sediments directly beneath the marsh.  The cores from all the bores were examined to

develop an understanding of the stratigraphy around and underneath the marsh and to

confirm stratigraphic data from other sources.

Plate 1:  Installing piezometers at McKerrows Marsh using a Dreifiss drilling rig,

March 2005.

GFW1

GFW2
GFW3

GFW-S1

GFW-S3

GFW-S2

GFW7

GFW4

GFW6
GFW5

Figure 2:  Location map showing groundwater monitoring bores and the river level

monitoring station within McKerrows Marsh.
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Water level loggers (In-Situ miniTROLL™) were installed in each of the piezometers

comprising the two main arrays, and these collected continuous water level data

between April 2005 and February 2006.  The loggers were visited periodically for

maintenance and to download data.  During those visits, spot measurements of water

level were also taken from these and the other piezometers. Surveying was also

conducted using an EDM theodelite (Pentax PX-06D) to establish the level of all

piezometers relative to the benchmark at the surface water monitoring station at

‘Forester Lodge’ (station 19225).

2.2 Results

2.2.1 Characterisation of the local geology

Prior to installation of the study bores, interrogation of the groundwater database

maintained by Mineral Resources Tasmania provided some insight as to the probable

stratigraphy of the region (schematic diagram below, taken from Part 1 report for this

study).  This indicated that the gravels of the Scottsdale Sedimentary Basin were likely

to form a substantial layer (approx 25-30 m) beneath McKerrows Marsh, and this is

known to contain a significant water resource in the form of a regional aquifer (Dept.

Mines, 1992).

- - - - - - - - - - - - - - - - - - - - - -  Granite Basement  - - - - - - - - - - - - - - - - - - - - 

Decomposed Granite

Gravelly clay

Sand, Clay and 

Gravel layers

Aeolian sandAeolian sand

Wetland

South North

Bore 17712Bore 17622

39
 m

32 m

Thin layer 

of clays

Figure 3:  An illustration of the likely stratigraphy underlying McKerrows Marsh as

indicated from data held within the Mineral Resources Tasmania database. [Diagram not

to scale].

While the drilling undertaken during this study was limited to shallow depths

(<10 m), it provides some confirmation of this basic stratigraphic structure.  A

schematic diagram summarising the stratigraphic results from drilling is provided in

Figure 4.  This shows that on the northern side of the marsh (represented by the section
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from monitoring bore GFW2), the gravel deposit is overlaid by about 4-5 metres of

aeolian sand and a narrower band of dark, organic clayey-sand that appears to be the

remnants of buried estuarine sediments. At the time of drilling, conditions were

extremely dry and the main water resource appeared to be contained within the

underlying gravel deposit.

Clay gravel

(water bearing)

Sandy loam

Yellow sandy clay

Grey clay sand

Clay gravel

(water bearing)

Surface

1.0m

1.5m

2.5m

Very fine, sandy loam

Fine, grey clay sand

Grey clay sand

(water bearing)

Dark, organic clay

Surface

0.2m

5.5m

4.5m

7+m

5+m

GFW6

GFW2

S N

6m

Figure 4:  Sectional profiles from two boreholes drilled on the north and south side of

McKerrows Marsh during the study.

On the southern boundary of the marsh, the stratigraphy is represented by the section

from GFW6, and shows that the dark organic clayey-sand is absent and the water-

bearing clay gravel is about 3.5 m closer to the surface.  The relatively thick layer of

fine clay-sand that is present on the northern side is also virtually absent, and in its

place is a section that is more typical of decomposed granite (yellow and grey clay-

sand).

The shallow bores that were drilled into the sediment of the marsh itself using the hand

auger showed that there is a thin layer (approximately 1.5 m) of dark, organic, loamy

clay that overlies the clay gravel deposit that was found in the deeper holes outside the

boundary of the marsh.  At the time of drilling, the organic layer was virtually dry and

the main water table was held in the gravel deposit beneath.
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From these borehole sediment profiles, the following stylised stratigraphic section has

been developed to represent the immediate vicinity of McKerrows Marsh (Figure 5).  It

shows that the geologic setting for McKerrows Marsh can be simply represented by a

model where clay-sand deposits on either side of the marsh are underlaid by a

continuous and substantial deposit of clayey gravel that is more porous and has greater

hydraulic conductivity.  Within the marsh, and overlaying the gravel deposit on the

northern side, are thin deposits of organic-rich sediments.

This simplified model will be used to guide the development of a numerical

groundwater model for analysing the water budget for the system.

Yellow and grey clay-sand
Aeolian clay-sand 

Wetland

South North

Clay Gravel Clay Gravel

Figure 5:  Stylised stratigraphic section (N-S) through McKerrows Marsh.

2.2.2 Description of the local hydrology

Autumn – winter hydrology

This section presents data on surface water and groundwater changes in and around the

marsh during the period from late summer to mid-winter 2005.  The climate on the north

coast of Tasmania during this period was very dry, and follows a seasonal pattern that

has become more prevalent in recent years, where autumn rainfall is much reduced or

absent.  During this study heavy rainfall did not occur until the second week of June.

The pattern of rainfall at Scottsdale, and its consequential impact on river level within

McKerrows Marsh, is shown in Figure 6.  It shows that while small rainfall events (< 15

mm) in early April 2005 did result in small peaks in water level in the river, baseflow in

the river did not increase substantially until larger rain events (> 25 mm) occurred in

mid-June.  By the beginning of August, and extending through to the beginning of

October (the start of spring), baseflow water level was more than 1 m higher than in

autumn.
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Figure 6:  Time series showing how the occurrence of rainfall in the upper catchment

(Scottsdale) translates to water level changes in the Great Forester River within

McKerrows Marsh.

A visit was made to the marsh following significant rainfall in the catchment in early

August 2005 to examine the extent of inundation of the marsh during floods.  The

results from this confirmed that the Great Forester River within McKerrows Marsh

breaks out of its channel and floods the marsh when water level at the ‘Forester Lodge’

monitoring station reaches 1.85 m (Figure 7). It also confirmed that marsh inundation

occurs when streamflow events (as measured at station 19201 15 km upstream) exceed

~15 m
3
s
-1
.  An event analysis for flows of this magnitude or greater has already been

carried out (Part 1 of this study) and shows that over the 35 years of record, events of

this size or greater have occurred about 3 times per year.  This frequency has been

slightly less during the last ten years, as the climate in Tasmania generally has become

drier. The frequency and duration of these events will be discussed in more detail later

in this report.
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Figure 7: Confirmation that when river level at station 19201 (u/s Forester Rd) exceeds

0.8m (flow equivalent to ~15 m
3
s
-1
), river level within McKerrows Marsh breaks out of

the channel and floods the marsh. This occurs at about 1.85m at the Forester Lodge

monitoring station.

Monitoring of groundwater level at McKerrows Marsh commenced in early April 2005.

Conditions at this time were extremely dry, and standing water levels measured in the

piezometers following their installation reflected this (Figure 8).  At this time standing

water levels were highest in the piezometers that are located furthest away from the

river channel (GFW2 on the north side, and GFW6 & 7 on the south side).  In

piezometers nearer to and within the marsh boundary, standing water levels were near to

or well below the water level recorded in the river channel (as indicated by SG WL).

This indicates that following prolonged dry periods, and given minimal surface water

inflows to the marsh, there is a definite hydraulic gradient towards the marsh suggesting

that local groundwater is sustaining water level in the river channel.  This appears to be

the case despite lower standing water levels in the shallow piezometers within the marsh

itself.  The lower levels at these locations could be seen as an indication of the drying

effect that evapotranspiration from the blackwood swamp forest is having on the

shallow organic sediments during these periods, a phenomenon that has been recorded

elsewhere (Sophocleous 2002).  During this period the watertable within the marsh was

at or near to the boundary between the organic layer and the underlying gravel deposit

containing the regional aquifer.  At many of the locations where the river was accessed,

it was also noted that although the bed was often covered by a layer of silt, underneath

this silt there was often gravel material similar to that of the underlying gravel deposit
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described above in section 2.2.1.  This evidence further supports conclusions that during

very low inflows from the upper catchment, there is direct discharge from the

groundwater of the regional aquifer to the river within the marsh.
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Figure 8: Water levels in the 10 shallow piezometers in and around McKerrows Marsh

at the commencement of monitoring in April 2005.  SG WL indicates the water level in

the river at ‘Forester Lodge’ for comparison.

The time series of standing water level data for the autumn-winter period from the

piezometer arrays is shown in Figures 9 & 10.  The first feature of note from both plots

is the downward trend in standing water level at 5 of the 6 piezometers during the first 9

weeks of monitoring, when there was little rainfall in the catchment. The five downward

trending piezometers showed a very similar trajectory to that for the river level (which

is also shown in the figures), particularly in the 5 weeks from early May to early June.

The significant exception to this downward trend was GFW2 in the northern array,

where water level showed a marginal increase.  The reason for this is likely to be that

the dune system on the northern side of the marsh contains a perched aquifer that is

separate from the regional aquifer contained in the gravel deposit.  If this is the case,

then it is unlikely that this aquifer contributes to flow in the river during dry periods and

is therefore not being depleted to sustain river flow.  While the piezometers nearer to

the marsh (GFW1 & GFW3) may be periodically influenced by this perched water

resource, their pattern of change during this period indicates that they reflect changing
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hydraulic conditions in the water within the underlying gravel deposit rather than within

the overlying dune system.

The most likely explanation why the water table at GFW2 actually increases is that the

slight contributions from the small rain events that occur during the period are trapped

in the aquifer rather than consequently being discharged downslope.  All of this is

consistent with the stratigraphic model for the area presented in Figure 5.
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Figure 9: Standing water level from the northern array of piezometers plotted alongside

water level in the river channel.
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The second feature of note in Figures 9 and 10 is that with the advent of larger rainfall

events and increased inflow from the upper catchment, water level responds quite

rapidly in bores nearest to the river.  This is most evident in data from bores from the

southern array, where GFW4 (which has the lowest ground level elevation and is nearest

to the marsh boundary) responds very rapidly once the soil profile has been sufficiently

saturated.  The first high flow event in the river, which takes place on 13 June 2005,

produces a corresponding peak in water level at GFW4 about 80 hours later.  This event

is followed soon after by another high flow event in the river on 17 June, and again the

response at GFW4 is a rapid and substantial rise of more than 0.4 m about 85 hours

later.

Further rainfall events subsequent to this produce less marked responses in standing

water level at GFW4, but the data shows that there is a clear and steady replenishment

of the groundwater until standing water level once again becomes more responsive in

late August.  By late winter, standing water level at GFW4 is much closer to that of the

surface water within the marsh, and is much more coincident to changes in river level,

indicating the strength of the link between the river and the groundwater system.

On the southern side of the marsh, the pattern of water level change at GFW6 is

markedly different to that of both GFW4 and GFW5.  Prior to June, standing water level

at this site is about 0.3 m above water level in the river, and while water level in the

other two monitoring bores is quick to respond to the high flow events of late June, the

water level rise in GFW6 is much slower and more gradual.  It is not until the middle of

August that water level in GFW6 once again rises above the surface water level in the

marsh and commences to respond in a manner more similar to GFW4 & 5. This can be

explained by a combination of two major water movement processes; water movement

toward GFW6 from elevated water level in the river system and movement of water

down the hydraulic gradient from upslope.  High water levels in the marsh will create a

short-term pressure wave (described as mounds or ridges) in the groundwater (Winter

1999; Sophocleous 2002; Fetter 2001) that travels away from the marsh, and GFW6,

being the furthest piezometer from the marsh will react last and least, as the ‘wave’ also

dissipates with distance.  With further rainfall across the catchment, the hydraulic head

upslope to the south will also steadily rise as conditions become more saturated and

there is recharge to the larger regional aquifer. The standing water level data at GFW6

is therefore much more likely to reflect the local behaviour of the regional aquifer,

which has inputs from both the upper catchment and the river.



- 18 -

On the north side of the marsh, the response pattern of the piezometers is simpler and

more uniform. The reaction to rainfall is less rapid in all the bores in this array

compared to GFW4 and GFW5, and by the end of the third event on 23 June, water level

in all 3 bores had already begun to reach a plateau.  While water level in these bores

does continue to increase during the remainder of the winter and respond in line with

rainfall, the rate at which they increase is quite a bit less than in the southern array.

This suggests that although water movement through the strata may be slower, the

groundwater on the northern side of the marsh is more quickly replenished following

prolonged dry periods.

It is also obvious from Figure 9 that water level at GFW1 and GFW3, which are located

at lower elevations and nearer to the marsh, tend to mimic changes in river level once

they have been substantially recharged (post 23 June).  This can be taken as clear

evidence that they are hydrologically well-connected to the river, while GFW2 is less

so.  These lower elevation piezometers penetrate well into the clay-gravel deposit

underlying the dark, organic clay-sand, so it is likely that standing water level in these

reflects influences of both the perched aquifer and the larger regional aquifer

underneath.

Spring-summer hydrology

This section presents surface and groundwater data collected during the period from

spring to mid-summer of 2005-06, when rainfall throughout the catchment declined. As

can be seen from Figure 11, the spring rainfall pattern in the catchment tended to persist

well into December, with relatively frequent rain events totalling 15 mm or more.  This

maintained elevated water level in the river (> 1.7 m) until mid-December, when

conditions finally started to dry and river level began to decline.  Several small peaks in

river level occurred in response to the occasional minor rain event in January, however

by the end of the study on 22 January water level in the channel had fallen to about 1 m

on the gauge at ‘Forester Lodge’.
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Figure 11: Daily rainfall totals in the upper catchment (Scottsdale) and changes in river

level in the Great Forester River at McKerrows Marsh between November 2005 and late

January 2006.

As can be seen in the November water level measurements (Figure 12), by late spring,

standing water level in almost all of the piezometers outside the boundary of the marsh

was higher than the water level in the river channel at the surface water monitoring

station.  In contrast, standing water level in all of the smaller bores inside the marsh

boundary was at least 300 mm below the water level in the river.  Despite this,

widespread ponding of water was still evident at two of the locations (GFW-S1 and

GFW-S2) and in these areas there was prolific growth of aquatic plants (Plate 2).  At

this time, although the small aquatic wetland alongside GFW1 was disconnected from

the river it also held more than 200 mm of water (Plate 3) and was filled with a

profusion of aquatic plants and animals, including frogs.
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Figure 12: Water levels in the 10 piezometers at McKerrows Marsh in late spring

(November) 2005.  SG WL indicates the water level in the river at ‘Forester Lodge’ for

comparison.

Plate 2:  Aquatic plants growing underneath the dense canopy of the blackwood-

paperbark swamp forest at GFW-S1, (3 November, 2005).
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Plate 3:  Lush growth of emergent wetland plant species in the small fringing wetland

alongside monitoring bore GFW1 on the northern side of McKerrows Marsh,

(3 November, 2005).

The time series data from the surface and groundwater monitoring stations (Figures 13

& 14) clearly demonstrates the pattern and rate of recession in water level that occurred

during the spring-summer period. While standing water level at most locations

commenced to recede in a more or less steady manner after about 10 November, most

appear to have remained fairly responsive to rainfall events until mid-December.  The

trace from GFW3 shows less reactivity because during floods of October the top of the

bore was flooded and the venting line on the logger cable trapped water, reducing its

ability to respond to changes in water level.

Following mid-November, all of the piezometers in the northern array commence to

decline in a very steady rate, showing little or no response to the minor rainfall events

that occurred in the second half of the time period.  While the piezometers in the

southern array appeared to have been a bit more reactive (reflecting more the short-term

variations in river level), the pattern and rate of water level recession was similar.

From both of these figures it seems clear that the rainfall that occurred during late

November – early December arrested the recession in river level more than it does in

the groundwater.  Once rainfall totals decline in December, water level in the river

drops very rapidly in comparison to water levels in the piezometers (period of interest:

16-22 December), indicating that during the preceding 4 weeks, inflow to the marsh
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from the upper catchment was important in maintaining higher river levels. The bores

closer to the marsh boundary (particularly GFW4&5) appear to have also benefited

slightly from the elevated water level in the river during that period
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Figure 13: Standing water level from the northern array of piezometers (GFW1-3)

plotted alongside water level in the river channel.
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Figure 14: Standing water level from the southern array of piezometers (GFW4-6)

plotted alongside water level in the river channel.
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By the middle of January 2006, it is clear that river level has begun to stabilise while

standing water level at lower elevation piezometers (in particular GFW1 and GFW4)

continues to decline, suggesting that at this time groundwater is once again starting to

sustain water level in the river.  Spot measurements were taken at all the piezometers

when the equipment was decommissioned in February 2006 (Figure 15).  The data

shows that while standing water level at bores within the marsh is still reasonably high

in comparison to April 2005, the pattern of groundwater level outside the marsh

boundary is very similar to that recorded at the start of the study.

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

GFW1 GFW2 GFW3 GFW-S1 GFW-S2 GFW-S3 GFW4 GFW5 GFW6 GFW7 SG WL

W
a
te
r 
L
e
v
e
l 
re
la
ti
v
e
 t
o
 r
iv
e
r 
g
a
u
g
e
 (
m
)

February 23 2006

Figure 15: Standing water level in the 10 piezometers at McKerrows Marsh when

monitoring equipment was removed in February 2006.  ‘SG WL’ indicates the water

level in the river at ‘Forester Lodge’ for comparison.

2.2.3 Summary of hydrogeological data

The water level data presented above have shown that flow within the river channel

bisecting the marsh begins to be sustained by the local groundwater system sometime in

December, when the ‘dry period’ commences.  As rainfall diminishes and inflow from

the upper catchment declines, the level of reliance by the river and the marsh vegetation

on access to the groundwater becomes critical.

The ‘wet period’ for the marsh commenced around June with larger rainfall events

(daily total >25 mm) re-wetting the soil, flooding the marsh and stimulating ecosystem

productivity.  It is these two periods for which conceptual models for the marsh will be

developed and discussed in the next section.



- 24 -

3 Conceptual Model for the Wetland Ecosystem

In this section, the information that has been collected during all stages of the project to

this point is used to develop a conceptual model to illustrate our present understanding

of the main ecological and hydrological processes operating within McKerrows Marsh.

Once a conceptual model is established it can then be used to develop a numerical

model that can be used to examine the water budget.  The ultimate aim of this will then

be to describe a water management regime that is most likely to meet the management

objectives for the marsh that were detailed in Part 3 of the study.

It is well known that the saturated sediments within riparian marshes and wetlands

provide an important substrate where significant biogeochemical processing occurs

(Whitmire 2005), and it is these activities that are important in mediating nutrient fluxes

to surface waters (Gordon 2004; Corstanje 2004; Lamontagne 2006).  These areas are

also important in providing habitat for numerous forms of aquatic invertebrates and fish

(Davies 1995; Kingsford 2000; Slipke 2005) and are widely seen as hotspots of plant

and animal biodiversity (Kingsford 2000; Brock 2000).  So in attempting to manage

water supply to marshes and wetlands it is important to have a good understanding of

their water budget.

The study of McKerrows Marsh has highlighted a number of important features and

processes that should be considered when looking to develop a water regime to maintain

the marsh into the future.  Although some of these are discussed in more detail in

previous reports published during the study, in brief the main features of the marsh that

are important are as follows.

1. There is a diversity of plant communities within the marsh, but the most important

of these is the blackwood-paperbark swamp forest, which is the largest remaining

stand in north-east Tasmania. Two rare and threatened plant species are also present

(purple loosestrife – Lythrum salicaria and native hemp bush – Gynatrix pulchella).

2. There is a strong reliance by fauna of conservation significance (burrowing crayfish

community, giant freshwater lobster – Astacopsis gouldi, grayling –Prototroctes

maraena, frogs) on habitats within the marsh that are not available elsewhere in the

catchment.

3. The small patches of emergent wetlands and parts of the marsh itself provide

important habitat for breeding and recruitment by some fish species, waterfowl and

aquatic macroinvertebrates.
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4. Within the marsh there appears to be a strong linkage between the river and the

regional groundwater system, and the groundwater resource is important in

maintaining flow in the river channel during the dry summer-autumn period.

5. Floods are an important characteristic of the hydrology of the system, inundating

riparian marshland habitat, maintaining water in wetlands for recruitment processes

and providing a mechanism for recharge to the local groundwater system.

Using these important features of the marsh along with other published information on

general water movement and chemical processing pathways in such habitats, two simple

conceptual models have been constructed to illustrate the important processes and

characteristics of the marsh.  One has been constructed to illustrate major features when

environmental conditions are dry (typically during the late summer and autumn period),

and the other has been constructed to illustrate important features and processes that

operate when the marsh is flooded during the wetter months (winter and spring).  For

simplicity, they are presented and discussed separately in the following two sections.

3.1 Conceptual models for summer – autumn (‘dry’)

The following two diagrams (Figures 16a & 16b) show in a simple manner the main

features of the surface water-groundwater system at McKerrows Marsh during summer-

autumn, when there are minimal surface water inflows to the area from the upper

catchment.  As Figure 16a indicates, during late summer the only surface water present

in the marsh is held within the river channel.  The rest of the marshland is dry.  During

this time, the river is delivering little in the way of surface water from the upper

catchment.  Using a surface water model that has been developed for the Great Forester

catchment to predict natural inflow to the marsh (Hydro Tasmania, 2005), it is estimated

that about 75 ML/d would be delivered to the top of the marsh area under ‘natural’

conditions.  Taking into account water extractions for existing agricultural activities

upstream, the actual inflow to the marsh has been measured (Tye & Clayton, 2001) to be

in the range of 20-40 ML/d.

During this period groundwater discharge appears to be a major process that sustains

water level in the river channel, and the river within the marsh may be ‘gaining’ water

(Winter 1998; Sophocleous 2002). As the data from both the northern and southern

arrays show, groundwater level near to the marsh lies closer to or below the surface

water level in the river channel. Further away from the marsh groundwater level is 0.5-

0.9 m higher, indicating a slight hydraulic gradient further away from the marsh.
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Further evidence that groundwater beneath the marsh is sustaining water level within

the river channel was provided by visual observations made by farmers that withdrawal

of water from this part of the river has minimal impact on water level in the channel

(Phillip Headlam pers. comm.).  However, spot flow measurements made by DPIW

along the river system during a similar period in late summer-autumn 2001 failed to

demonstrate this (Tye & Clayton, 2001), and showed that in fact flow in the river at the

lower end of the marsh was 47% lower than immediately above the marsh. At the time

of the survey, there was significant extraction of water from the river system for

agricultural irrigation, and this is likely to have affected the results, but does not appear

to account for all of the loss.

Figure 16a: A simple conceptual model for the characteristics of the hydrogeology at

McKerrows Marsh during the dry environmental conditions that occur during late

summer and autumn. At this time the river is ‘gaining’ from the groundwater.

When conditions are very dry in the marsh, evapotranspiration by the vegetation is also

likely to be very high. Access to water by plant communities such as the blackwood-

paperbark swamp forest is likely to rely on capillary action drawing water into the

unsaturated zone from the underlying gravel deposit, a process has been documented in

similar marshlands elsewhere (Anderson 2004). At these times, burrowing crayfish will

be almost permanently situated at the bottom of burrows where they can access the

standing water they need to survive.  Other aquatic fauna such as native fish will be

entirely restricted to the river channel, or in the case of frogs, seeking refuge in moist

areas under logs or in burrows (Littlejohn 2003). All of these features have been

incorporated into an ecologically based conceptual model for the marsh during dry times

(Figure 16b).
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Figure 16b: Conceptual model demonstrating the important hydrological and ecological

features and processes that operate during late summer and autumn at McKerrows

Marsh.

3.2 Conceptual models for winter – spring (‘wet’)

Upon the commencement of significant rainfall in the catchment the river is the main

source of inflow to the marsh, saturating the organic soil layer through small floods that

quickly seep into the ground.  Once the surface layer is thoroughly saturated, larger

floods that inundate the marsh are a significant recharge mechanism that raises local

groundwater levels (Figure 17a) and also helps to replenish the regional aquifer beneath

the marsh.  The data that has been collected during the study shows that the water table

nearer to the marsh is recharged fairly quickly, while further away the phreatic surface

changes more slowly and is influenced both by recharge at the marsh and by increases

in hydraulic head further upslope.  During the earlier part of this period the marsh can

be viewed as ‘losing’ a portion of inflowing water from the upper catchment to the

groundwater system, but later this is likely to be reversed and groundwater recharge

sustains higher water levels in the river channel within McKerrows Marsh.
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Figure 17a: A simple conceptual model for the characteristics of the hydrogeology at

McKerrows Marsh during the wet environmental conditions that occur during winter

and spring. During this time, the river is recharging the local groundwater system.

Figure 17b: Conceptual model demonstrating the important hydrological and ecological

features and processes that operate during winter and spring at McKerrows Marsh.
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The diagram shown in Figure 17b presents this situation from an ecological perspective.

As well as delivering additional nutrients from upstream, flooding of the soils in the

marsh stimulates microbial activity, resulting in the remobilisation of carbon, nitrogen

and phosphorus (Corstanje 2004), and together these combine to stimulate plant and

ecosystem productivity during late autumn-early winter.  This is particularly evident in

the small patches of open aquatic wetlands scattered throughout the marsh, where

emergent macrophytes take advantage of the conditions to germinate and flower (Britton

1994).  During the winter, these patches retain water, and in early spring as temperature

rises there is an explosion in secondary productivity in the form of expanding

populations of microcrustacea and macroinvertebrates.  The frequent connection of

these wetlands to the river through flooding also allow fish to forage and breed in these

areas, which then become ideal nursery-grounds for juvenile fish such as southern

pygmy perch (Nannoperca australis).

3.3 Important aspects of the flow regime

Now that our understanding of the major processes that operate in the marsh have been

clearly represented in the conceptual models above, the important components of the

flow regime can be meaningfully examined.  Numerous national studies have been

undertaken to identify those components of wetland flow regimes that are important in

maintaining biological health of wetland ecosystems.  The main characteristics that have

been identified and outlined in national guideline documents are; depth of water,

duration of inundation, season of flooding, size and frequency of floods and length of

inter-flood periods (Roberts 2000; Davis 2001).  These constitute the main factors that

need to be considered in developing environmental water requirements for wetlands and

riparian marshlands.

While catchment-based surface water models such as the one recently developed for the

Great Forester Catchment under the National Action Plan (Hydro Tasmania 2005) can

be used to examine these hydrological characteristics for McKerrows Marsh, the strong

linkage between surface water and groundwater must also be recognised.  To date few

studies in Australia have done this within a holistic water allocation and management

framework, although there is a growing recognition that this is required (Ivkovic 2005).

To do this in a quantifiable manner, a numerical model is needed that can provide a

water budget for McKerrows Marsh as a whole and that is the subject of the next

chapter.
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4 Hydrogeological Modelling

4.1 Basic concept

There are a variety of software packages available that can be used to model the

hydrological linkages between surface water and groundwater systems.   In essence,

most rely on separate components to handle surface water and groundwater as distinct

resources, and then create linkages between the two.  This is the approach that has been

taken for the McKerrows Marsh study. The following diagram (Figure 18) represents

the model for the linked surface - water groundwater system. It shows the main

elements of the flow path for water that have been modelled for McKerrows Marsh

using the combined surface water and groundwater models.

Groundwater

Storage

Atmospheric 

losses

River inflowDischarge 

to estuary

Rainfall

Figure 18: Diagram illustrating the main hydrological flow paths that have been

accounted for within the combined surface water – groundwater model for McKerrows

Marsh.

The surface water model for the Great Forester catchment has been developed as a tool

for managing surface water resources in the catchment and can generate ‘natural’ and

‘existing’ flows for any part of the system.  For the purposes of this study, this model

has been used to generate stream flow from the catchment above McKerrows Marsh,

taking into account existing water extractions.  This output has then been used as input

to the model for the marsh.

For the marsh itself, the MODFLOW module within the GMS™ software package has

been used to construct a simulation model for groundwater and its interaction with

surface water within McKerrows marsh.  This software is extensively used in the United

States to simulate groundwater systems, and provides the capability for constructing

numerical models using a GIS-based ‘conceptualisation’ technique. The following

section outlines the manner in which the simulation model for McKerrows Marsh has

been constructed.
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4.2 Modelling approach (MODFLOW)

The GMS™ modelling package contains a number of individual modules that can be

used to simulate subterranean characteristics and flow of liquids through this media.

For this study, the MODFLOW module within GMS™ was used to create a numerical

computer simulation model to assess the passage of water between surface and

groundwater and to examine changes in seasonal groundwater budgets within and

around McKerrows Marsh.

Groundwater systems are characterised by complex inflow-outflow-storage

relationships, and these can be simulated using mathematical models based on

mechanistic descriptions of the physical and chemical processes that operate in this

environment.  Although such models are useful in gaining a better understanding of

groundwater movement, it is important to realise that comprehensiveness and

complexity within any simulation does not necessarily equate with accuracy (Van Der

Heijde 1988). It is inevitable that there is never going to be enough data to create a

model that truly represents all facets of the system perfectly, however if you wait until

you have all the data that you think you need, you are never likely to develop a model

(King 2003).  In recognition of this, the model for McKerrows Marsh has been made

relatively simple so that it does not give the impression of representing the system in

too fine a detail, but is still adequate for use in meeting the study objectives.

As mentioned in the previous section, the GMS™ software allows the user to develop a

‘conceptual model’ for a groundwater system which is then converted into a numerical

model that can be used for water budget analysis.  The basic process for constructing a

model in this manner is as follows:

1. Import map-based GIS data to establish the boundary for the model and surface

elevation data to construct a model for surface contours and drainage pattern.

Delineate recharge zones for sub-catchments within the model.

2. Input data relating to hydraulic head and conductivity at key locations in the

landscape, such as at the model boundaries and at locations in the river drainage

network.

3. Import elevation data on subterranean layers to be simulated by the model and

stipulate physical characteristics for the layers (horizontal conductivity, vertical

anisotropy, etc).
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4. Convert conceptual model to MODFLOW model, check for and correct errors,

calibrate using available data (monitoring bore data) and analyse seasonal flow

budget.

For McKerrows Marsh, a significant source of data that was available for constructing

the MODFLOW model was digital elevation data available from LIST (Land

Information Systems Tasmania) complemented by additional spot elevation data

collected during the study from the low-lying sections of the marsh.  Stratigraphic data

from the monitoring bores (discussed in Section 2.2) was used to delineate layers within

the model, and estimates of local recharge were made from the piezometer data using

the water table fluctuation method outlined in Healy (2002).

Values for hydraulic parameters were partly derived from actual water level elevations

within river channels and drains, and physical characteristics for the layers (eg.

hydraulic conductivity and porosity) were taken from published tables for ‘averages’

based on sediment type and properties (Fetter 2001).

For studies such as this, covering small areas that obviously fit within a larger regional

context (in this case the Scottsdale Sedimentary Basin), establishing a boundary and

setting the conditions for that boundary can be difficult and open to interpretation.  In

constructing the groundwater model for McKerrows Marsh, the decision was made to

establish a boundary for the model that roughly corresponds to the immediate drainage

area to the marsh, with specified head nodes at the uppermost and lowest points of the

model to account for the entry and exit of the Great Forester River.  Given that this is

the first such model to be attempted for such a situation in Tasmania, the decision was

also made to construct ‘static’ or ‘steady state’ models to match the two conceptual

models for the marsh, rather than a more complicated ‘transient’ model.

To calibrate the model, observed values for seasonal groundwater levels were taken

from the piezometer array data and spot measurements of outflow discharge from the

lower end of the marsh.  Despite this, it must be recognised that the model still suffers

from a number of uncertainties that largely relate to geologic stratigraphy and

assumptions regarding layer properties and spatial continuity.  These can only be dealt

with through the collection of additional spatial and hydraulic data, however to do this

was beyond the resources of this study. It is the opinion of the authors that the

numerical model reasonably represents the marsh system and can be justifiably used for

simple water budget analysis for the purpose of water management and planning.
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5. Water Resource Analysis

5.1 Surface water flow components

5.1.1 Flood size, frequency and duration

The size of floods that inundate McKerrows Marsh has already been identified in Part 1

of this study.  Using the 35 years of streamflow record from station 19201 (which is

located about 15 km upstream), it was shown that flood events that exceed about

15 m
3
s
-1
 or 1300 ML/d caused water to break out of the river channel within the marsh.

Using the surface water catchment model to translate this to a flow at the upstream end

of the marsh, this equates to an instantaneous inflow of about 19 m
3
s
-1
 or 1800 ML/d.

Part 1 of this study also examined the frequency that floods of this magnitude or greater

occur.   It found that floods exceeding 15 m
3
s
-1
 at station 19201 have occurred on

average about 3 times per year over the last 35 years.  However, because the climate in

Tasmania has become relatively drier during the last 15 years, the frequency of

occurrence in recent times appears to have declined markedly.  It therefore seems

appropriate that the following analysis uses only flow data from the last 15 years as it

better reflects the present hydrology of the system and stresses on the marsh that may

have been brought about by drier climatic conditions rather than local land-use and

water management.

Using the period of record from 1990 to 2005, a seasonal analysis of when floods

exceeding a threshold of 1800 ML/d have occurred at McKerrows Marsh, and the length

of time they persisted (their duration), is presented below in Table 1.  It shows that

winter and spring are the seasons when floods of this magnitude are most likely to

occur, and the duration of these floods is likely to be somewhere between 2-6 days.

Floods of this magnitude do not normally occur during the summer and have rarely

occurred in autumn.  When they do occur within these seasons they are likely to have a

shorter duration.
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Table 1: Spells analysis of floods exceeding 1800 Ml/d at McKerrows Marsh and their

duration, using modelled flow data from 1990 to 2005.

Seasonal period Average number of events

exceeding 1800 Ml/d per

year

Average duration (in days)

of events exceeding

threshold

Spring 0.55 2.42

Summer 0 0

Autumn 0.20 3.25

Winter 1.13 6.03

Winter-Spring 1.68 5.15

Summer-Autumn 0.20 3.25

If the assumption is made that the present pattern of flooding within the marsh is

sufficient to sustain the existing communities of flora and fauna in their current

condition, then winter-spring floods of 1800 ML/d or greater must be preserved at a

frequency of about 3 every two years.  During the summer-autumn period, similar

floods might also be preserved at a frequency of about 1 every 5 years, though the

ecological benefits of this are likely to be less, as these events are highly unpredictable.

While this broad framework for providing floods to the marsh may satisfy the

requirements of the vegetation communities, it is likely that the timing of these floods

may also be important for particular species of aquatic fauna, and in particular fish.  As

the ecological work presented in Part 2 of the study showed (DPIWE 2005b), pygmy

perch appear to rely on the winter-spring floodwaters to move out into the marsh to

breed, and the patches of ponded water that remain then become nursery areas for the

newly hatched fish.  Pygmy perch are known to breed in late winter-spring, and eggs

hatch very soon after (Humphries 1995).  From this it might be concluded that to assist

in preserving healthy populations of this fish species in McKerrows Marsh, spring

floods are more important.

5.1.2 Length of interflood period

In many ways, the length of time between floods is as critical to the ecological health of

wetlands and marshes as their size and frequency. For the blackwood-paperbark forest

community at McKerrows Marsh, access to water throughout the year is likely to be a

significant issue, while the grassy-marshland and aquatic wetland communities are

adapted to withstand longer periods between inundation.  Using the 1800 ML/d flow

threshold identified earlier, the flow record from the past 15 years was examined.  It
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showed that the summer interflood period at McKerrows Marsh normally averages 248

days, with flows normally dropping permanently below about 1500 ML/d around the

middle of October and not reaching this level again until about the middle of June.

Only twice in the last 15 years have flood events above 1800 ML/d failed to occur at

some time during the year.  The longest interflood interval that has occurred was 858

days during the drought that was experienced between October 1993 and June 1995.

During that particular period, peak flow during the winter of 1994 failed to exceed 1100

ML/d, with most high flow events only managing to reach about 800 ML/d.

While the failure of such winter floods may have only a temporary impact on such

things as breeding and recruitment by fish, general tree health and seedling germination,

during these periods it is likely that larger trees such as those within the paperbark-

blackwood and black gum forests will have a greater reliance on access to water from

the groundwater underneath the marsh itself.  During these times, it is also clear that the

burrowing crayfish community inhabiting the marsh will rely heavily on access to the

groundwater for their survival.  It is therefore important to consider the maintenance of

groundwater levels in and around the locale of McKerrows Marsh, and to do this

requires an examination of the flow budget of the groundwater system in tandem with

the surface water hydrology.

5.2 Groundwater budget analysis

As mentioned in Section 4.2 above, a MODFLOW simulation model was constructed to

represent the local groundwater system in the vicinity of McKerrows Marsh using the

GMS™ software package.  Having constructed the simulation model using the known

physical attributes of the hydrogeology within and around the marsh, the model was

manipulated to provide two ‘steady state’ representations of the groundwater system;

one for summer-autumn (the ‘dry’ model), and another for winter-spring conditions (the

‘wet’ model).  The main aim in developing these were to represent the system based on

our present understanding as outlined by the conceptual models discussed earlier in

Section 3. In each case, the observed standing water table data from the arrays on each

side of the wetland was used for calibration.

5.2.1 Summer-autumn (‘dry’)

As the groundwater monitoring data from Section 2 showed, conditions within the

marsh during summer-autumn is very dry. This is reflected in the MODFLOW model by

a low hydraulic gradient around the marsh, and is illustrated in Figure 19(a) by the

widely spaced equipotential lines.  The direction of groundwater flow is perpendicular
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to these lines.  A cross-section of the model (Figure 19b) has been included to illustrate

that the water table is well below the ground surface for areas outside the marsh

boundary and tends to intersect the land surface only in the vicinity of the river channel

that cuts through the marsh.  This confirms visual evidence that water level in the river

is restored fairly quickly by groundwater following irrigation abstraction (of which

there are three extraction points within the marsh). Although groundwater can

contribute water to the river during dry periods, for at least some of the time surface

water entering the marsh from upstream may also be lost to the groundwater system.

N

S N

(b)

(a)

Figure 19: (a) Map of the hydraulic head for the area in and around McKerrows Marsh

as estimated by the ‘dry’ MODFLOW groundwater model. Map also shows observation

bores and calibration fit. (b) Cross-section from south to north through the Mckerrows

Marsh ‘dry’ model. Dashed outline indicates area within the model where the marsh is

situated.

From the ‘dry’ model, MODFLOW has provided an estimate for net groundwater

storage of 31,790 m
3
 per day, which is equivalent to 31.79 ML held in the pore space of

the model on any given day within the period.
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5.2.2 Winter-spring (‘wet’)

As would be expected during a period when there is plentiful rainfall and inflow, the

water table in and around McKerrows Marsh as simulated by the ‘wet’ model is much

closer to the ground surface, and hence there is a much steeper hydraulic gradient

around the wetland (Figure 20a).  This is particularly evident on the northern side,

where the equipotential lines are much more closely spaced than was shown above in

the output from ‘dry’ model.

N(a)

(b)
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Figure 20: (a) Map of the hydraulic head for the area in and around McKerrows Marsh

as estimated by the ‘wet’ MODFLOW groundwater model. Map also shows observation

bores and calibration fit. (b) Cross-section from south to north through the Mckerrows

Marsh ‘wet’ model. Dashed outline indicates area within the model where the marsh is

situated.

The south to north cross-section (Figure 20b) shows that during wet periods a larger

portion of the top layer (which is composed of clayey sands) contains water. An

examination of the top layer of the MODFLOW model shows that within the marsh
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itself most of the cells are fully saturated and likely to contain ponded water, which

provides further confirmation that the model is a realistic representation of the system.

During ‘wet’ conditions, although inflow from the catchment upstream is high, the

increased hydraulic gradient around the marsh means that additional water will also be

entering the river channel from the groundwater. As a result, discharge at the bottom of

the marsh will be higher than is otherwise predicted by a simple surface water model,

and this has been confirmed by spot gaugings.  The MODFLOW ‘wet’ model estimates

that net groundwater storage during this period is of the order of 127,017 m
3
 per day, or

127 ML of stored water.

These two estimates of groundwater storage can now be used to calculate a wetland

water budget, and this is presented in the next section.

5.3 Wetland groundwater budget

Using the net groundwater storage values provided by the ‘dry’ and ‘wet’ MODFLOW

models, the water budget within the marsh can be calculated for each month using the

equation below. This is a simplified version of a commonly used watershed yield

equation (Healy 2002) and is a simple mathematical representation of the flow pathways

illustrated in Figure 18.

Net wetland water budget (Wb) = P-E+Qg

where P = precipitation, E = evaporation and Qg = Net groundwater storage.

Based on an assessment of the hydrological data, the months December through to May

tend to be the driest months of the year, therefore the values for groundwater recharge

(Qg) from the ‘dry’ model have been applied to months within that period. For the

remaining months (June to November) the recharge estimates from the ‘wet’ model have

been used.  The following table (Table 2) provides output from a monthly analysis of

the water budget for McKerrows Marsh using data from the period 1975 to 2005.

Streamflow data (Qs IN and Qs OUT) was derived from the ‘natural flow’ surface water

model for the Great Forester catchment, and rainfall and evaporation data was extracted

from the SILO archive of the Australian Bureau of Meteorology.

The data from Table 2 (which is also displayed graphically in Figure 21) shows  that the

net water budget for the marsh is negative or near to zero for the months December

through to March.  This means that the net flow of water during dry periods is into the
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drainage network, and that during these months the groundwater system is contributing

water to the river.

Table 2: Analysis of water budget for McKerrows Marsh, using streamflow,

rainfall and evaporation data from the period 1990 to 2005, and calculated

recharge estimates from the ‘dry’ and ‘wet’ MODFLOW groundwater models.

Month Qs IN

(ML/d)

Qs

OUT

(ML/d)

Qs

IN-OUT

(ML/d)

Qg

(ML/d)

P

(ML/d)

Et

(ML/d)

Wb Net

Water

Budget

January 184.92 190.47 5.55 31.79 22.39 63.42 -9.24 -3.70

February 145.29 149.65 4.36 31.79 12.15 51.41 -7.48 -3.12

March 108.64 111.90 3.26 31.79 11.66 44.24 -0.79 2.47

April 169.74 174.83 5.09 31.79 20.97 26.24 26.52 31.61

May 296.80 305.71 8.90 31.79 24.51 17.22 39.07 47.98

June 535.17 551.23 16.06 127.02 33.34 13.46 146.90 162.96

July 632.21 651.18 18.97 127.02 31.25 14.88 143.39 162.36

August 884.31 910.83 26.53 127.02 35.38 21.03 141.37 167.89

September 735.46 757.53 22.06 127.02 30.36 28.46 128.91 150.98

October 577.89 595.23 17.34 127.02 26.26 40.62 112.66 130.00

November 395.17 407.03 11.86 127.02 21.66 49.61 99.07 110.93

December 223.87 230.59 6.72 31.79 17.31 62.37 -13.28 -6.56

Qs = average daily streamflow from the surface water model for the Great Forester

catchment; Qg = net groundwater recharge to the river; P = precipitation; Et = total

evaporation; Wb = wetland water budget.

During April and May the net water budget increases moderately as inflows from the

upper catchment increase and evaporation declines. This is followed by a substantial

increase as the storage volume of the groundwater changes to the higher level (which in

reality is somewhat less rapid than depicted).  During this time, the only contribution

that groundwater is likely to be making to river flow is through discharge from banks

and ponded areas following floods.

The net loss or gain to the wetland is depicted in Figure 21 by the difference between

the red and blue lines on the graph.  During dry periods, the net water budget is below

groundwater storage (Qg), whereas during the wet period it is above. When the net

water budget is above the storage volume, there is an excess of surface water, and this

represents inundation of the wetland.
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Figure 21: Estimated average monthly net water budget for McKerrows Marsh on the

Great Forester River using data from 1990 to 2005.

This information is valuable in that it now allows some reasonable estimates to be made

about what volumes of water flowing into the wetland via the Great Forester River are

required to replenish storage within the marsh.  It also has the added benefit of

providing some guidance as to where water can be taken from the system with

reasonably low risk to the environment.

While the two ‘steady state’ models for McKerrows Marsh have been primarily

constructed to estimate the volume of water stored within the system during these two

seasonal conditions, they also provide a platform that can be built on at some later date

to assess what levels of groundwater extraction might be sustainable.  With access to

surface water in the catchment becoming increasingly difficult, attention will

progressively turn to greater utilisation of the groundwater resource.  With some

additional work these models can be refined to enable the impact of groundwater

extraction for irrigation use to be assessed and subsequently managed in such a way that

threats to the marsh ecosystem can be minimised or avoided.
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6. Recommendations for Environmental Water Provisions

6.1 Major issues for consideration

The study of McKerrows Marsh has shown that there are a number of significant

factors that should be taken into account in attempting to provider a water regime that

will ensure that the present ecosystem is sustained into the future. Important

ecological features of the marsh include; a regionally significant blackwood-

paperbark swamp forest, a number of species of aquatic fauna that have some

conservation significance – in particular Australian grayling, burrowing crayfish and a

number of frog species – and the simple fact that the marsh contains a plant and

animal diversity that is valuable in a regional context (CFEV Tasmania).

In more practical terms, the manner in which water is made available to sustain the

marsh ecosystem is likely to be just as important as the actual quantum of water that

is provided.  Because of the geomorphic characteristics of the marsh and its

topographic location, both surface water and groundwater are equally important in

providing the water required by the marsh ecosystem.  As has been shown by the work

undertaken during this study, the connection between surface water and groundwater

is strong within McKerrows Marsh, and both resources have important roles to play in

sustaining the ecosystem.  It is therefore imperative that in providing adequate water

for the marsh both resources are given equal consideration and treated as a single

resource in terms of water management.  This more ‘holistic’ approach to water

resource management is being widely promoted both within Australia (Dixon-Jain

2005; Ivkovic 2005) and overseas (Winter 1998; Sophocleous 2000; King 2003), and

is increasingly being facilitated by the use of linked surface water and groundwater

models.  Within Tasmania, the holistic approach is currently being developed by the

Water Resources Division of DPIW through the TEFlows Project.

6.2 Recommended resource provisions

6.2.1 Flood regime

In terms of the provision of flood-water to the marsh, the first high flow events in late

autumn are likely to be quite important factors that “kick-start” productivity in the

system and initiate recharge to the groundwater system. It is therefore recommended

that as rainfall commences in late autumn-early winter, the bulk of catchment runoff

is retained in the river for the purposes of groundwater recharge around the marsh.  If

access to this water is sought for extractive use (e.g. filling of on-farm storages), then
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this should be set at a level that will not impact significantly on the shape of the

hydrograph, though it might reduce its magnitude.  A figure of 10-15% of flood

volume might be appropriate, and while this will slow down the rate of groundwater

recharge, it does ensure that the recharge and productivity stimulation process is

largely maintained.

As the analysis of the surface water hydrology showed, floods that inundate the

entirety of McKerrows Marsh occur on average about 3 times every 2 years, and only

once in the last 15 years have flood flows failed to reach the magnitude required to

inundate the marsh.  It is therefore recommended that the first flood to reach or

exceed 1800 ML/d should be preserved to ensure inundation of the marshland. Some

portion of floodwaters after this time may reasonably be harvested without undue

threat to the marsh.  This is likely to make available a considerable volume of water if

the means to capture it is available.

In the event of a significant drought, the scenario provided above may need to be

reconsidered.  From the hydrological record it is clear that the marsh has experienced

interflood periods of up to 2 years, and while this is likely to have had some impact

on the condition or health of the ecosystem, the system may have the resilience to

withstand such events. Given the short time-frame of this study, it is difficult to

recommend surface water provisions to the marsh without an adequate understanding

of the type and level of stress that occurs during drought periods.  This might be

considered as a topic for further study in the future, however during extremely dry

periods such as those experienced during droughts, access to the groundwater

underneath the marsh is likely to be far more critical than the inflow of surface water.

In this instance the management of groundwater levels in the vicinity of the marsh is

likely to have a much more important role to play in sustaining the ecosystem, and

this is the topic of the next section.

6.2.2 Maintenance of groundwater

If the surface and groundwater hydrology recorded at McKerrows Marsh during this

study can be considered as representative of how changes in one are reflected by

changes in the other, then full recharge of groundwater at McKerrows Marsh can be

viewed as having occurred by the start of September 2005.  This is when standing

water level in the boreholes of the southern array was reaching a plateau (Figure 10).

Using output from the ‘natural flow’ surface water model, it is estimated that between

10
th
 June (the commencement of significant rainfall) and 1

st
 September 2005 (full
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recharge), a surface water volume of approximately 40,000 ML entered the marsh

from upstream.  Using a ‘water accounting’ approach it might reasonably be assumed

that approximately this volume of water is required to pass into the system upon the

commencement of significant rainfall to ensure conditions for full recharge of the

groundwater are met.  In any given year the period over which this occurs will vary.

In 2005 it took about 10 weeks for this volume of flood-water to enter the system

from upstream. In contrast, the autumn of 2004 was wetter, and the data indicates that

this was attained in about half that time.  While annual variations in climate will drive

the period and pattern of delivery of this water, it can serve as a useful illustration of

the quantum of surface water involved.

One activity that could significantly alter this situation is increased groundwater use

for irrigation.  At present there appears to be some use of groundwater in the area, but

the level of extraction is difficult to quantify.  As an example, there are a number of

cases where groundwater use takes the form of pumping from shallow pits dug into

the ground using an excavator.  Water level in these ‘waterholes’ appears to be

sustained by groundwater, as there are generally no drainage lines leading into these.

In the event that there is an increase in groundwater extraction (through either the

installation of bores or the digging of more ‘waterholes’), additional surface water in

the form of flood-water will have to be preserved to compensate where extraction may

impact on groundwater around the marsh.  If this situation arises, the models for

surface water and groundwater can be used to make informed decisions regarding

what level of extraction is likely to be sustainable.

In the meantime as an interim measure of protection, it is recommended that local

groundwater level within the lower marsh not be allowed to fall below about –0.30 m

in relation to the ‘Forester Lodge’ water level station.  Rules for maintaining

groundwater level to the north and south of the marsh boundary may also be

considered, but will depend on the topographic location of any monitoring station so

no specific recommendation can be made at this stage.

6.3 Management issues

Since the late 1990’s, publicly funded and private efforts have been made to fence off

large sections of the marsh from stock access, which previously had been poorly

restricted.  At the time of writing this report, almost all of the blackwood-paperbark

swamp forest community (see map in Figure 22 below) has been fenced off from

stock.  While further efforts should be made to continue with fencing further up the
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marsh, some sections such as the grassy-sedgeland community may continue to be

grazed to some degree during the drier periods.  Areas that would most benefit from

further fencing would be the small aquatic wetland patches on the southwestern

boundary of the eastern marsh, which currently show evidence of heavy stock

impacts.

Figure 22: Map of spatial distribution of vegetation communities found within

McKerrows Marsh, 2005.

Another concern is the die-back of trees in the black gum forest in the southeast

section of the marsh. The cause of this die-back is not clear, but the area has

undergone extensive drainage works and river channelisation in the past. In some

cases, the drainage ditches that have been installed are more than 2 m deep, and this

has probably lowered the water table in that area significantly, drying out the soil

beneath the black gum forest substantially.  If future management restricts grazing

access to this area, then it might be worthwhile considering filling in of some of these

ditches to re-wet the area and restore sub-surface saturation.  This might go some way

to improving the health of the forest community at this location.

Another issue that has been identified as a potentially significant issue for

management is the presence of willows within the marsh.  During the vegetation

survey reported in Part 2 of this study, a substantial thicket of willows were mapped

in the northern apex of the marsh at ‘The Billabong’, and additional willows were also



- 45 -

found thinly distributed throughout the drainage system of the marsh upstream. The

feasibility of taking active measures to remove the thicket of willows should be

investigated, however if this is found to be impractical, then measures to remove the

willows upstream should be pursued.  The presence of willows in McKerrows Marsh

constitute a significant threat to the long-term health and integrity of the ecosystem,

and in the event of a major disturbance have an almost limitless capacity to invade

additional sections of the marsh, most particularly the grassy-sedgeland area.  In the

absence of active management of willows, then there should be clear program to

monitor their spatial distribution in the future (see below).

6.4 Suggestions for monitoring

Although there are a number of significant physical and ecological traits that could be

monitored within McKerrows Marsh that might indicate whether the water that is

provided is adequate to sustain the ecosystem, two characteristics are likely to provide

the best indicators of success.  The first is the health and status of the vegetation

community, and the second is the state of the groundwater resource beneath the

marsh.

Given the complexity of such ecosystems, it seems logical that if the habitat and

species diversity within the marshes vegetation community is maintained then this

will essentially provide what is required by the other biota that inhabit the marsh.

Monitoring the status of the vegetation may therefore be a surrogate for monitoring

other aspects of the biological system.  This could take the form of 3-5 yearly

assessments of the vegetation, where spatial mapping similar to that undertaken

during this study is carried out.  Notes on ‘health’ of the various plant communities

could be done at the same time – in particular that of the blackwood-paperbark swamp

forest community.  Given the presence of willow within the marsh and the threat this

represents, such an exercise could also identify any change in extent of this pest

species and trigger active management if required.

Monitoring of local groundwater should also be undertaken to ensure that water levels

beneath the marsh are maintained. While the monitoring bores that were used for this

study have been decommissioned, one or more can be re-excavated and restored for

such a use.  It is recommended that at least one monitoring bore is established within

the blackwood-paperbark forest component of the marsh to record water levels

directly beneath this important forest community.  It is also recommended that the

existing water level monitoring station in the river channel at ‘Forester Lodge’
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continue to be maintained by DPIW to allow future evaluation to be made of the

frequency of inundation events.
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