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Summary

The sustainable use of wetlands for grazing isngpoitant consideration in improving the
management of wetlands on private la@drrent understanding of the relationships among
grazing, wetland condition and management outcdmé&8ctoria are represented in various
models and documents that support the managememettdnds in Victoria. These models
have been developed principally from expert opindomd there is a need to underpin and
refine them with evidence drawn from the scientifierature and government reports. There
is also a need to document the range of manageawivities that could be applied to
mitigate grazing impacts and assess their efficdtys understanding is needed to ensure
grazing management approaches implemented to irapaod/or protect wetland condition
and values are appropriate and effective.

The aims of this report were to: (1) describe resps of wetland condition attributes to
livestock grazing, (2) identify wetland attributiast exhibit variable responses to grazing and
identify causes for this variability, (3) identifjpanagement practices used to reduce the
negative impacts of grazing and report any evideoteheir efficacy and (4) provide
recommendations for further research to reduce rtainges in predicting the effects of
grazing management on wetland condition. It is etqubthat this knowledge would be used
to refine existing models that represent the refatiip between grazing management and
wetland condition.

Wetland responsesto grazing: The effects of grazing on wetland condition oc¢uotigh four
processes (1) treading in the wetland, (2) trarisgfgrlant seeds into the wetland, (3)
deposition of urine and faeces in the wetland dhdhérbivory. These, in turn, change
ecological attributes that underpin wetland conditand can lead to changes in water quality,
water regime, soil properties, physical form, invadlora and vegetation health, structure
and composition. These changes are usually detrahieatunder certain conditions grazing
can be beneficial to some wetland attributes iéftdly managed.

Response modifiers: Responses of wetland attributes to grazing areynigiriable.
Understanding factors that contribute to this \ality is needed to select grazing regimes
that are appropriate and effective for differemey of wetlands and for particular locations.
The most variable response to grazing is observéitki vegetation, which shows both
positive and negative responses. For all otherandthttributes, the magnitude of change in
response to grazing is variable, but responsesegative, with occasional exception.

Factors that contribute to this variability includg) current and/or historical grazing regimes
(timing, duration, intensity, type of grazer, togmhzing pressure), (2) the individual
characteristics of the wetland (condition, sizduwee, soil type, water regime, productivity,
frequency of disturbance, plant assemblage, presainavasive flora) and (3) landscape
context (surrounding land use, geographical settiegjonal species pool, connectivity).

Management practices: In some wetland systems, the careful managemegraaing can
prevent or reduce adverse impact, and in some casé®lled grazing may exert a positive
effect on some aspects of wetland condition. Irolystems even low levels of grazing will
degrade wetland condition necessitating the com@rtiusion of livestock to prevent
adverse impacts.

Grazing management strategies manipulate the typ®@iathe number of grazing animals, the
timing or duration of grazing, and/or the areas livastock access. In most cases ecological
responses to grazing management are anecdotahenelative merits of various practices
remain uncertain. The exceptions are the complatiesion of livestock and reductions in
grazing intensity which have been subject to mm@erous experimental treatment. Faced
with this uncertainty, a rigorous monitoring angoging framework is needed to help safe



guard against ineffective or adverse managemenbmds and to build the knowledge base
that will improve confidence in management decision

Recommendations: In the short-term our current understanding afzgrg in wetlands should
be used to: (1) refine existing conceptual modes tepresent cause and effect relationships
and assumptions between grazing regimes and maeagentcomes, (2) develop best
practice guidelines to inform grazing managemeritendesearch programs are undertaken to
address key knowledge gaps.

Best practice guidelines should endeavour to: (@Yyide a framework for assessing the
sensitivity of wetlands to grazing, (2) guide tle¢estion of appropriate grazing regimes for
individual wetlands, (3) ensure grazing decisiomsewvaluated though an adaptive
management framework.

To further our understanding of the outcomes ofiggamanagement four research
approaches are suggested:

1. Develop a grazing sensitivity database for native iavasive wetland flora.

2. Assess current wetland condition datasets (e.damgetender programs) to determine
if they capture sufficient information to test hearious grazing practices influence
wetland condition.

3. Establish targeted monitoring in strategically stdd wetlands to address key
knowledge gaps including:

* How effective are various grazing management prestin maintaining wetland
condition?

» How do response modifiers influence the ecologicétomes of grazing
management?

» Does the application of grazing to manage weedsdfivés or habitat structure
have the same ecological outcomes as alternatpr@aghes (e.g. fire, slashing,
herbicide application)?

4. Undertake research to better understand curreningraractices in wetlands,
perception of landowners of the risks and benefitifferent management practices
and barriers to change.



1 Background and objectives

The sustainable use of wetlands for grazing isngportant consideration in improving the
management of wetlands on private land. Resporfse®itand systems to grazing can be
highly variable with both positive and negative p@sses being reported for some wetland
attributes. Understanding factors that contribotéhts variability is needed to select grazing
regimes that are appropriate and effective forréquéar site and/or a particular wetland type
and lead to desired outcomes. The impacts of ggaam wetland condition is currently
captured in three DEPI documents that support theagement of wetlands in Victoria and
are outlined below.

1. The Victorian Index of Wetland Condition (IWC; DSO05) is the principal method for
assessing the condition of wetlands in Victoriae TWC recognises the impact that
grazing has on wetland condition by linking livest@razing to nutrient enrichment and
pugging which result in lower condition scores.

2. Wetland conceptual models (Morris and Papas 20d@esenting relationships between
threats and management interventions. In these ImatBnaging livestock is recognised
as a management intervention to reduce the threategraded wetland vegetation,
invasive flora, degraded water quality (nutrieraisyl soil disturbance.

3. DEPI output data standard (DEPI 2013) provides namoglogic (conceptual models) to
support the planning of environmental works proggafProgram logic articulate cause
and effect relationships and underlying assumptidcietween management goals
(outcomes and resource condition change) and mamageinterventions (outputs).
Identifying appropriate management goals for sierovement through planned works
requires that the condition of the site and theedts present be assessed. From an
understanding of the relationships between thraadiscondition, management outcomes
can be identified and appropriate interventionstois) selected using program logic
(DEPI 2013).

Program logic for grazing management is represeimté2EPI's standard outputs (DEPI
2013, Figure 1). In this model grazing regime im@hagement output that may include:
(1) livestock exclusion, (2) ongoing and uncongdlaccess of livestock or (3) controlled
livestock access, where the timing, density andiilum of livestock access in an area is
managed. The selected grazing regime determinedetle of species control (i.e.
livestock control) which determines the level ofprovement in soil stability and
vegetation structure and diversity (i.e. expectettames). The relationships between
grazing regime and outcomes shown in Figure 1 @ represented in 1 and 2 above,
however, program logic also identifies indirectammes of livestock control such as an
increase in habitat availability and amenity.
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Figure 1. Program logic representing the relationship between grazing regime and
management outcomes as presented in DEPI’s standard outputs (DEPI 2013)
It is expected that over time program logic will tefined to better represent the complexity
and level of confidence in these relationships. ledge to refine models will be generated
through an examination of the literature and froomitoring and research data.

Relationships among grazing, wetland condition imathagement outcomes in DEPI's suit of
conceptual models have been informed principallyekgert opinion and scientific evidence
supporting these relationships have not been etlypliepresented in models. Moreover,
management activities to mitigate the impact ofzigyg have not been identified and
evaluated.

This report draws from the scientific literaturedagovernment reports to:
1. Describe responses of wetland condition attribtgdivestock grazing.

2. Identify condition attributes that exhibit incortsist responses to grazing and assess
the likely causes for this variability.

3. ldentify management practices used to reduce thative impacts of grazing and
report any evidence of their efficacy.

4. Provide recommendations for further work to reduneertainties in predicting the
effect of different grazing regimes on wetland atind.

It is expected that this process will provide tloaly of evidence needed to refine existing
models.



2 Methods

2.1. Relationships between grazing and wetland condition

To assess the effect of grazing on wetland conditie examined how grazing alters various
attributes that underpin wetland condition. Wetlanddition attributes were informed by the
Victorian Index of Wetland Condition (IWC) (DSE 28)0and included:

* water properties

* soils

* hydrology

» wetland plants (ecological component of the IWC-Budex biota)
* invasive flora (used as a measure for wetland plianthe IWC).

The potential impacts and benefits of grazing @sé¢hselected wetland condition attributes
were assessed from the scientific literature angigoment reports. In some cases responses
of other ecosystems (e.g. grasslands, ripariaesgtto grazing have been reported where
information for wetlands was lacking, and whereythevided insight into possible
responses of wetlands to grazing.

As a number of wetland attributes show inconsistespponses to grazing the potential causes
of this variability have been identified and artereed to as response modifiers. In some
cases response modifiers are described in thatlitey, but in others the causes for variability
are not reported and are inferred from an undedstgrof ecosystem processes.

The influence of grazing on each wetland condititinibute is summarised using the format
shown below:

* Responses: describes reported responses of wetland attslhotgrazing- these may
be positive, negative or neutral.

» Causes. describes the mechanism(s) by which grazing riexithe state of each
attribute.

* Response modifiers: where a wetland component demonstrates a variabponse to
grazing, the potential causes for this variab#itg described.

The ecological responses of wetlands to grazinglaerepresented as simple box and arrow
models, these are causal chains that indicate hazing alters the state of wetland attributes
and influences condition. In these models eachrepresents an ecological attribute and
arrows show how the impacts of grazing on onelaitei leads to changes in other attributes.
Wetland attributes are coloured to represent wettamdition attributes identified in the

IWC.

3. Results

3.1. Relationships between grazing and wetland condition
The effects of livestock grazing in wetlands odtuough four processes:

* Treading in the wetland.

» Transport of plant seeds into the wetland.

» Deposition of urine and faeces in the wetland.
* Herbivory.

These in turn alter attributes that underpin wetlaondition including: water quality, water
regime, soils, physical form, invasive flora andgemtion health and structure and
composition. The ecological outcome of grazing ietlands is often negative, but in some
cases responses may be neutral or even positieepdtiential impacts and benefits of grazing
on wetlands are described below and summarisedbieTl and Figures 1 & 2



3.1.1. Grazing impacts

3.1.1.1. Treading in the wetland, wetland buffer and wetland catchment

Livestock treading in the wetland physically dansagkants, causes soil disturbance,
increases turbidity, compacts the soil, and crelades ground. These changes can alter water
clarity, microclimate, the infiltration of water dmir into the soil, soil strength and carbon
stores. This adversely affects plant growth, resaltompositional changes in vegetation,
and can affect soil organisms and nutrient prongs$teduced vegetation cover, soll
disturbance and compaction in the wetland buffen ¢éhe wetland catchment can also reduce
water quality as they increase surface runoff andien, reduce sediment trapping and
increase the delivery of soil particles, nutriestfs, and/or pollutants to the wetland.

Trampling of vegetation: Trampling of vegetation damages and/or kills plaiftds reduces
plant biomass and leaf litter and leads to thetmmeaf bare ground. These changes, in turn,
impact on wetland condition. Bare ground in thelavet buffer and/or catchment increases
soil erosion and accelerates water runoff whichdases the amount of soil particles,
nutrients or other pollutants entering the watdurmm. Reductions in plant biomass, leaf litter
and increasing bare ground may provide opportunitie both native and invasive species to
establish. Where grazing has reduced vegetatioer@nd leaf litter the microclimate can be
altered; generally temperature and light are irs@dand can stimulate germination (van der
Valk 1986) and contribute to compositional changegegetation. Reductions in leaf litter or
vegetation cover represent reductions in surfadesait carbon stores which in turn influence
soil organisms and nutrient processing with subsegunpacts on plant growth.

Soil compaction and pugging: Livestock treading in the wetland compacts the seducing
the size and number of air spaces in the soil (Camsl Thom 2011). These changes are
usually measured as an increase in soil bulk de(giams of soil per unit volume) or a
decrease in soil porosity. Saturated or near datisoils have low mechanical strength and
are vulnerable to physical damage and pugging €y 7a, 1977b, Prosser 1996, Evans
1998, Askey-Doran and Pettit. 1999). Pugging daptfeases with repeated treading in wet
soils (Greenwood and McKenzie 2001). Pugging calodge plants and damage and/or
disrupt soil seed and egg banks.
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Grazing
Impacts

Primary Impacts

Ecological Responses

Changed Condition

Figure 2. Primary impacts and ecological responses to livestock grazing in wetlands and their relationships to wetland condition attributes. Colours indicate variables
associated with different wetland attributes: purple, water properties; pink, invasive flora; green, vegetation; grey, soil properties, blue, water regime; orange, microclimate.
All attributes, excluding microclimate are used in the IWC. BOD, biological oxygen demand.




Table 1. The influence of livestock grazing on wetland attributes, underlying mechanisms and response modifiers. Wetland attributes captured in IWC assessments are
indicated by an asterisk.

Wetland
attributes

Responses to grazing

Mechanism

Response modifiers

*Water quality:
Nutrients

Negative (nutrients increase)

Nutrient budgets performed for grazing systems in south-west
WA found they produced surplus nutrients: mean 8 kg P Ha™ and
76 kg N Ha', respectively. Dairy systems produced average
surpluses of 18 kg P Ha™ and 128 kg N Ha™ (Ovens et al. 2008)
Grazing exclusion in riparian zone reduced nutrient levels in an
intermittent stream by 24% (Sunohara et al. 2012)

Grazing exclusion along riparian zones decreased loads of TN by
21-52%. (Miller et al. 2010)

The flux of TN in water collected from the outlet of a pastoral
wetland in New Zealand was nine times higher during periods of
livestock grazing (McKergow et al. 2012).

Neutral (no change in nutrients)

Where nutrient enrichment has occurred from other sources such
as fertiliser application, the contribution of grazing to the nutrient
load may be relatively small and difficult to detect (Tanner &
Terry 1991; Steinman et al. 2003)

Positive (nutrients decreased)

Removal of livestock from grasslands increased nitrate in
leachate entering springs as harvesting of plant biomass declined
and leaf litter increased and reduced plant production (Jackson et
al. 2006).

Direct deposition of urine and
faeces into water body

Faecal runoff from surrounding
grazed catchment

Disturbance of vegetation and soil
crusts increase soil erosion and
reduce sediment trapping. This
increases the sediment load carried
in runoff. Nutrients bound to
sediments contribute to increased
nutrient loads.

Strongly influenced by historic
fertiliser use De Steven &
Lowrance (2011)
Supplementary feeding of
livestock

Nutrient uptake by plants

Soil nutrient storage capacity
Rates of nitrification-
denitrification

Water volume

Hydraulic residence influences
the rate nutrients are flushed
out of system)

Soil aeration which influences
the binding of P to soil and
rates of nitrification-
denitrification

*Water quality:
Salinity

Increased:

Salinity increased 2.7 times in grazed sites cf. ungrazed sites in a
lowland Flooding Pampa grassland (Chaneton & Lavado 1996).
Salinity decreased within 5 years following grazing exclusion in
saline marshes (France) (Amiaud et al. 1998).

Reduced vegetation cover
increases soil temperature and in
turn evaporation. When water
evaporates salts are deposited at
the soil surface (Lavado & Taboada
1987, Srivastava & Jefferies 1996)
Soil compaction reduces water
infiltration and prevents the
leaching of salt from the soil
(Amiaud et al. 1998)

Presence of a shallow saline
groundwater table.

Ratio of precipitation:
evaporation

Wetland water regime:
frequency and duration of
flooding, flushing

Soil type

(continued on next page)




Table 1. Continued

Wetland Responses to grazing Mechanism Response modifiers
attributes
Water quality: Increased: Indirect: livestock reduces vegetation *  Slope
Turbidity «  Livestock increased the turbidity of runoff reaching stream by biomass, creates bare ground and «  Vegetation cover
60% compared with runoff from areas where livestock were disturbs soil crusts. This increases * Rainfall events
excluded. erosion by rain and wind and reduces
« High intensity grazing by cattle and sheep (3.2 sediment trapping by vegetation. This
DSE/ha/annum) increased turbidity in floodplain wetlands increases the amount of sediments
(Jansen & Healey 2003). carried in runoff to the wetland.
Direct: livestock treading in the water
body disturbs soils, dislodges and
damages plants and increases the level
of suspended soil particles in the water
column
Water quality: Increased: See mechanisms for increased nutrients e Use of wetland by other
Pathogens « Grazing increased faecal coliform (bacteria) counts in runoff native and invasive fauna

from grazed pastures by 5-10 times cf. with fenced pastures
(Doran & Linn 1979)

Cattle grazing increased faecal streptococci and faecal coliform
counts of stream water. Elevated levels persisted for 9 days
following removal of cattle (Kauffman and Krueger 1984)
Livestock exclusion decreased the level of faecal coliform and
faecal enterococci contamination of adjacent stream by 66%
and 57% respectively (Line 2003).

Grazing exclusion from riparian zones decreased total coliform
and enterococcus counts by 23% (Sunohara et al. 2012)

Decrease:

Grazing decreased faecal streptococci in runoff compared with
fenced zones, reflecting an increased contribution of faecal
inputs from wildlife (Doran & Linn 1979;Doran et al 1981)
Grazing exclusion from riparian zones increased
Cryptosporidium and Giardia (protozoans that cause
gastrointestinal illness) (Sunohara et al. 2012)

that also shed pathogens.

(continued on next page)




Table 1. Continued

Wetland Responses to grazing Mechanism Response modifiers
attributes
Water quality: Negative Oxygen levels in the water column can Productivity

Dissolved oxygen

» Decreased levels of dissolved oxygen are reported as a
possible outcome of grazing but no direct evidence (Belsky et
al. 1999)

become depleted by high biological
oxygen demand and/or high water
temperature which reduces the amount
of dissolved oxygen held in the water
column. Grazing can increase biological
oxygen demand through: (i) excretions
from livestock, (ii) trampling vegetation
which increases the amount of dead
organic matter in the water, (iii)
increasing algal biomass or plant biomass
which lead to increased organic matter
inputs (Belsky et al. 1999). Livestock
increase water temperatures by
trampling and consuming vegetation
which shade the water.

Detrital inputs
Water column
temperature

*Physical form

Negative
Reduction in peatland size via increased drainage

Uncertain
Altered microtopography via pugging, erosion

Peatland vegetation plays an important
role in retaining water. Where livestock
have reduced vegetation cover water
retention decreases and this will contract
the area of wetland inundation reducing
the size of the wetland.

Topographical variation creates mosaics
of water regimes that may allow species
to co-exist (Raulings et al. 2010). An
elevation difference as small as 10 cm
favours some species and eliminates
others (Bledsoe & Shear 2000). Although
pugging by livestock creates topographic
heterogeneity which may favour co-
existence of species with different water
regimes, repeated treading will prevent
plant establishment.

Vegetation type
Wetland type (e.g.
peatlands)

Soil type

(continued on next page)




Table 1. Continued

Wetland
attributes

Responses to grazing

Mechanism

Response modifiers

*Water regime

Increased duration
Grazing increased inundation by 50-80% compared with ungrazed
spring wetlands (California USA) (Marty 2005).

Accelerated rate of filling
Increased runoff frequently reported and is likely to accelerate
rates of wetland filling.

Decreased water holding capacity in peatiands

Increased duration of inundation
attributed to either: (i) decline in cover
and height of vegetation which reduced
evapotranspiration or (ii) an increase in
water holding capacity due to soil
compaction

Reduced infiltration of water into soil due
to compaction and loss of vegetation
may accelerate the rate of wetland filling

In peatlands grazing reduces vegetation
cover and leads to the channelling of
water flow through the bog and a
reduction in its water holding capacity
(McDougall and Walsh 2007).

Soil type
Wetland type
Vegetation type
Slope

Soil: *Pugging &
compaction

Increased

» Grazing increased soil compaction by ~ 13% cf. ungrazed
ephemeral wetlands (US) (Marty 2005)

e Increased soil bulk density by 16% in dry floodplain meadows
(infrequent inundation) and by 32% in wet floodplain
meadows (frequent inundation) (US) (Kauffman et al. 2004)

e Exclusion of livestock from previously grazed riparian zones
(Canada) reduced soil bulk density by 6-8% after 4-6 years)
Miller et al. 2010)

Note that the impact of livestock on soil occurs largely with the

initial treading - grazing intensity influences more the spatial extent

of impact than the magnitude of impact. Reducing grazing intensity
slows the rate of degradation but in the long term will produce the

same state as higher intensity grazing (Greenwood et al. 1997)

Soil compaction occurs as livestock
treading on the soil reduces the size and
number of air spaces in the soil (Crush
and Thom 2011).

Saturated or near saturated soils have
low mechanical strength and animal
hooves remould the soil surface leaving a
depression or pug in the soil.

Soil wetness: wet soils

more susceptible than dry

Soil type: susceptibility

increases with higher clay

content and decreases

with high organic

content.

Physical processes reduce

compaction

o wetting & drying
cycles

o freezing & thawing

o root growth

o activity of soil
organism

(continued on next page)




Table 1. Continued

Wetland
attributes

Responses to grazing

Mechanism

Response modifiers

Soil: Infiltration

Decreased

« 113 times in floodplain meadows (US) (Kauffman et al. 2004)

* | 25% in moderately grazed pastures and 50% under heavy grazing
cf. ungrazed pastures (Gifford and Hawkins 1978)

Soil compaction reduces micro and
macro pores in the soil that facilitate
the entry of water into and through
the soil.

Soil: Nutrients

Negative (Increased nutrients):

« 1 Total N by 20% compared with grazing excluded sites in lowland
Flooding Pampa grassland (Chaneton & Lavado 1996).

» Heavy grazing increased soil N (2-3 times), P (2.5 times) (woodland,
Australia, Yates et al 2000)

» Heavy grazing by sheep increased TN by 11.4% and TP by 7.6% on
the Mongolian steppe (Li et al. 2008)

Neutral:

» No effect of grazing exclusion on extractable P (Chaneton & Lavado
1996).

« Light and moderate grazing by sheep on the Mongolian steppe did
not alter soil N or P (Li et al. 2008).

» No effect of grazing exclusion on fluxes of soluble reactive
phosphorus from soils after 4 years (Tweel and Bohlen 2008)

As for water quality: Nutrients

» Type of grazing animal
« Grazing intensity

(see Degraded water quality:
nutrients)

Soil: Runoff &
erosion

» Greater soil loss in moderate to heavily grazed plots (0.22 t/ha) cf.
lightly grazed plots (0.05 t/ha) (Edwards 1987)

» Fencing a stream to exclude cattle reduced sediment loss by 40%.
(Owens et al. 1983)

« Increased runoff and soil loss when ground cover < 70-75% (Lang &
McCaffrey 1984, Costin 1980)

 Runoff shown to increase linearly with increasing grazing intensity
(Rauzi & Hanson 1966). Runoff from a heavily grazed watershed
increased runoff by 9 x compared with lightly grazed watershed, and
by 1.4 x compared with moderately grazed watershed.

Herbivory and trampling of
vegetation by livestock reduces leaf
litter and vegetation cover which
dampen the erosive forces of rain
and wind

Treading in the wetland disturbs soil
crusts increasing soil erosion

Soil compaction reduces the
penetration of water into the soil
increasing surface runoff.

 Vegetation cover
« Slope

Soil disturbance:
Bare ground

Negative

» Bare ground strongly correlated with grazing intensity

 Grazing exclusion in riparian zones (Canada) reduced bare ground by
72-93% and increased vegetation cover by 13-21% over 4-6 years)
(Miller et al. 2010).

Herbivory, trampling of vegetation,
soil compaction and pugging
reduces vegetation cover and
increases bare ground.

« Interaction between water regime &

type of aquatic plants present (e.g.
in episodic wetlands aquatic plants
that are dormant during drying may
not be affected by grazing.

(continued on next page)




Table 1. Continued

Wetland Responses to grazing Mechanism Response modifiers
attributes

Soil: Carbon » Heavy grazing decreases litter cover and soil C (20%) cf. « Grazing reduces plant cover and biomass

storage rarely/ungrazed sites (woodlands, Australia, Yates et al. 2000) reducing carbon stores and the potential for

» Grazing exclusion in riparian zones (Canada) increased standing
litter by 38-742% cf. grazed zones (Miller et al. 2010)

» Grazing has caused widespread peat loss in the Victorian alps
(Grover 2006)

carbon capture and subsequent storage as
leaf litter and organic matter in the soil.
Grazing in alpine wetlands reduced water
retention favouring aerobic decomposition
and peat loss.

*Presence of
invasive flora

Negative (increased weed cover).

» Wetlands (Canada): probability of weed occurrence increased
with increasing grazing intensity. Number of weed species
increased at moderate grazing intensity and declined at high
grazing intensity (Jones et al. 2011).

» Woodlands (Australia): cover of exotic annuals increased with
heavy grazing (Yates et al. 2000).

» Flooding Pampa rangelands (Argentina): exotic annuals and forbs
replaced perennial grasses (Facelli 1988).

Positive (decreased weed cover)

» Wetlands (California): cover of exotic annual grasses significantly
increased by 60 - 88% in ungrazed sites or dry season grazed
sites cf. continuously grazed sites. (Marty 2005).

Neutral (no change)

« Previously grazed riparian zones (Canada): No reduction in the
cover or density of noxious weeds six years after livestock
exclusion (Miller et al. 2010).

« Previously grazed and degraded river red-gum forest (Barmah-
Milliewa, NSW, Australia): No reduction in the prevalence of
exotic plants 12 years after livestock exclusion (Lunt et al
2007a).

Grazing can create gaps in wetland
vegetation and create habitat niches that
favour the establishment or expansion of
invasive species in the wetland.

Grazing animals can transport invasive
species into the wetland when seeds are
carried on their fur or are ingested and
deposited in their faeces.

Evolutionary history of
herbivory

Productivity

Palatability of weeds
Sensitivity of weed

Presence of weeds within
wetland

Prevalence of weeds in
regional species pool

Size of wetland: small
wetlands are more
influenced by surrounding
landscape and are at higher
risk of weed invasion from
surrounding landscape
Grazing regime

Interaction between wetland
water regime and sensitivity
of weeds to inundation.

(continued on next page)




Table 1. Continued

Wetland
attributes

Responses to grazing

Mechanism

Response modifiers

*Vegetation: types
of vegetation

Types of vegetation that decrease:

Forbs: Jones et al. (2011) (Canadian wetlands)

Tall grasses: Jones et al. 2011 (Canadian wetlands)
Perennials (McIntyre et al. 1995, Prober & Thiele 1995, Lunt
et al. 2007b). Perennial species decrease 35% of the time
across ecosystems (Diaze et al. 2007)

Amphibious responders (Berney 2010, Holmes et al. 2009 )
(Australian wetlands)

Species with short-lived seed banks

Perennial herbs and shrubs (Yates et al. 2000, Australian
woodlands)

Fencing to exclude livestock restored structural vegetation
layers in riparian zones after 6 years (Miller et al. 2010)

Types of vegetation that increase:

Annuals (35% of the time) (Diaze et al. 2007). Exotic annuals
increased (permanent and temporary wetlands Canada, Jones
et al. 2011, Mclntyre et al 1995, Prober & Thiele 1995, Lunt et
al. 2007b )

Prostrate species favoured over erect species (Diaze et al.
2007, Berney 2010)

Stoloniferous and rosette architecture favoured over tussocks
(Didze et al. 2007)

Ruderal-competitive species (e.g. Glyceria maxima,
Ranunculus sceleratus and Lemna minor increase in UK
(Ausden 2005).

Species with long lived seed banks (Hald & Vinther 2000)
Short canopy height (Didze et al. 2007)

(continued on next page)




Table 1. Continued

Wetland Responses to grazing Mechanism Response
attributes modifiers
Vegetation: Positive (increased diversity) In productive wetlands, where the dominant plants are both Productivity
Diversity «  Ephemeral wetlands (California): ungrazed sites had 25% less palatable and within reach of livestock, grazing can maintain Evolutionary
species cf. grazed sites (Marty 2005). plant species diversity by preventing the competitive history of
«  Tall-herb fen (UK): grazing increased diversity (Ausden 2005) exclusion of species (Lunt et al. 2007b). grazing
e Grassland (Finland): removal of livestock reduced the number Where the regional species pool/wetland seed bank Regional
of rare plant species by 45% after 20-40 years (Luoto et al. contains grazing insensitive weeds species, increases in species pool
2003) diversity due to the control of competitive species may be Seed bank
*  Wet grassland communities (France): Grazing increased due predominantly to increases in the number of weed
species richness and shannon diversity (a measure of relative species.
species abundance) (Marion et al. 2010).
(Note that in some studies reported increases in diversity may
result from increases in numbers of invasive species)
Negative (reduced diversity)
«  Alpine rangelands (Northwest Yunnan): Grazing reduced
species cover and diversity (Haynes et al. 2013)
e Prairie wetlands (USA): Species diversity negatively correlated
with the presence of cattle (Hornung & Rice 2003)
e Swamp (Denmark): grazing reduced species richness
(Anderson & Calov 1996)
Vegetation: Decrease Herbivory and trampling reduce plant biomass and the
Height ¢ Reduced height and biomass in UK fens (Ausden 2005) height of species or life stages with a canopy within reach
/Biomass/Cover | «  Grazing decreased below ground biomass by 50% in dry of grazing animals.

riparian meadows and 62% in wet riparian meadows
(Kauffman et al 2004)

Soil compaction can reduce water and air movement into
the soil and increase soil strength which limit root growth.
Below ground biomass can decline as grazing plant shoots
can shift carbon reserves from below ground structures to
above ground tissues.

Soil seed bank

Increases disparity between extant vegetation and species in
soil seed bank (Berney 2010).

Possible decline in abundance and diversity of seed bank in
the long term (Berney 2010)

Sheep grazing depleted the number (1 85%) and diversity
(156%) of seeds emerging from soil seed bank in an
ephemeral wetland, Wentworth, NSW (Nicol et al. 2007)

Grazing eliminates some species in the wetland which may
persist as dormant seeds leading to disparity in species
represented in extant vegetation and seed bank

Seed banks are depleted when conditions favour
germination of grazing sensitive species which are
subsequently eliminated before seed set.




Pugging also increases fine scale topographicatbgeneity. This potentially provides a
range of fine scale water regimes that may permxistence of species with different water
regime requirements (Raulings et al. 2010) butmmeot trampling is likely to prevent plant
establishment.

Increased soil bulk density adversely affects dwjlsiecreasing the infiltration of air and
water into and through the soil and increasingstodngth (Crush and Thom 2011). Water
infiltration is impeded in compacted soils causimgreased runoff. Where soil compaction is
widespread in a catchment, flashy flows can beuywred that can cause erosion within the
wetland and accelerate the rate of filling. Soihpaction within the wetland reduces water
infiltration though the soil profile increasing watretention within the wetland and may
prolong the period in inundation (Marty 2005). Reed infiltration of oxygen into the soil
due to compaction can limit root penetration in e@pecies and adversely affect some soil
organisms (Whalley et al. 1995).

Soil strength refers to the amount of force regutredeform (break or slip) soils. There is an
upper and lower threshold of soil strength thatpggmal for plants. Soils with low saoil
strength are too unstable for plants to form aeanchor, and when soil strength is high
root penetration is restricted (Masle and Passi®98Y, Crush and Thom 2011) and seed
germination inhibited (Bacon et al 1994, Robert$887). Restricted root penetration in the
soil due to increased soil strength or reducedosgien causes plants to be more shallowly
rooted and therefore more vulnerable to uprootiming grazing. Plants that are shallowly
rooted will also have more limited access to watet nutrients, reducing growth and
tolerance to drying (Crush and Thom 2011).

Response modifiers

Livestock consistently exert negative effects ahstaucture, however a number of variables
have been identified that can modify the magnitaide persistence of soil compaction and
are described below.

Soil moisture: Compaction increases with soil moisture and éatgst when the top soil layer
is at field capacity or wetter (Greenwood and MckKer2001).

Clay content: Susceptibility of soils to compaction increasethwncreasing clay content
(Greenwood and McKenzie 2001). Clays are charaetgdy fine soil particles and this make
them more compactable.

Organic content: Organic matter helps soils resist compactiorséeral reasons: (1) a
surface layer of woody material can provide a mtdte mat, (2) living roots, and to a lesser
extent dead roots provide a filamentous networkiwithe soil, (3) organic matter in the soil
increases resistance to deformation and/or incseseability of the soil to rebound, (4)
organic matter creates large voids which improveewand air infiltration, (5) organic
residues are less dense (0.3-0.6 @) ¢han soil particles (1.4-1.6 g/émand (6) organic
residues, fungal hyphae and exudates from roolis bived soil particle together increasing
resistance to deformation (Hoorman 2011, GreenveoadMcKenzie 2001, Soane 1990).

Physical processes: The persistence of soil compaction is influenceé lognge of natural
processes that help to restore soil structure diotj

e wetting and drying cycles

» freezing and thawing cycles
* the presence of roots

» soil fauna (and microbes).

Wetting and drying (particularly in soils with higihay content) as well as freezing and
thawing cause soils to expand and shrink promdtiegormation of air spaces and reducing



compaction (Greenwood and McKenzie 2001). Similaidpt growth and soil organisms
such as earth worms create pores in the soil #ptreduce compaction (Whalley et al 1995).

Type of grazing animal: The depth of soil that becomes compacted witkiggaincreases as
both the contact pressure and the width of theieghstress increase. Cattle have both a
greater mass and hoof area (range 314-36} ttyan sheep (range 63-84 Jrand cause
greater compaction. A comparison of pressures &xem soils by grazing animals is shown
in Table 2.

Duration of grazing: Most of the compaction to the soil occurs with ithigal treading, and
recovery from compaction is slow. Over time asdhea that livestock have walked over
expands so does the spatial extent of soil congracti

Table 2. Loading pressures exerted on soil for different types of grazing animals. Adapted from
Greenwood and McKenzie (2001)

Grazing animal Range of pressures
(kPa)

Sheep 48-83

Cattle 98-169

Humans 41-108

Horse 54-94

Kangaroos 42-92

Use of the wetland by livestock: Livestock do not utilise all areas of the wetlawénly and
compaction will be greatest in areas that are rfreqqiently utilised such as gateways,
watering points and cattle camping areas (GreenwobltKenzie 2001).

3.1.1.2. Deposition of urine and faeces in the wetland

It has been shown that cattle are more likely tiechte in wetlands than in surrounding
paddocks (Collins et al 2007). The deposition dhearrand faeces by livestock has the
potential to degrade water quality in the wetlagdrtroducing nutrients and pathogens, and
by increasing the risk that the water column widtbme depleted in oxygen (Table 1, Figure
2).

Nutrients

Grazing animals assimilate only a small portioriha nutrients they consume and as a result
substantial amounts of N, P and K are excretechétds and urine (Kirkham 2006). It is
estimated that 80-90% of N and 50-75% of P consulmedattle is excreted (Brundage
2010).

In closed systems, where livestock only feed withia wetland the total nutrient load is not
increased but the form of nutrients is changedtrients held in plant tissues are consumed
and then returned in faeces and urine and are avaitable to plant growth (Steinman et al.
2003; Scrimgeour and Kendall 2004. portion of the nitrogen excreted by livestock
vaporises and is lost from the system as ammorggNik). It has been estimated that 22%
of the N excreted by cattle is volatised as ammg@raaibach et al. 2013).

In open systems, where livestock either feed oetié wetland and return to the wetland, or
are provided grain or mineral supplement sourcadide the wetland, livestock excrement
can increase the total nutrient load to the wetlakrdanalysis of grazing systems of south-
west Western Australia found that they producedrplgs of N and P, with a mean surplus of
8 kg P H& and 76 kg N Ha dairy systems produced considerably greater ssegl with
means of 18 kg P Haand 128 kg N H& (Ovens et al. 2008).

In wetlands, nutrients contained in faeces andeumiay enter the water column directly when
livestock have access to the water, or indirecthemwthey are leached by rainfall or irrigation
water from excretions deposited on land. Nutrigateching the water body increase the risk



of algal blooms and the subsequent loss of subrdepgnts, while increased soil nutrients
can favour competitive species (including exoticagive species) which may reduce species
diversity.

Grazing may indirectly alter the availability of tnents by shifting species composition

(Semmartin et al. 2004). Plants species diffetha ¢oncentration of nutrient stored in their
tissues, rates of decomposition and their capdoitgerate the rhizosphere, all of which
influence nutrient cycling (Tweel and Bohlen 2008hanges in the composition of plant
species as a result of grazing therefore have dtenpal to alter the availability of nutrients.

Grazing has been found to lower rates of soil g#ro mineralisation by promoting less

palatable species which decompose more slowly ¢Pastal. 1993; Ritchie et al.1998) but

this is not always the case. For example, grazingeindeer favoured species with faster
decomposition rates (Olofsson and Oksanen 2002jrefu evidence indicates that the

outcome of grazing on nutrient cycling is variabted influenced by grazing preferences and
site-specific variables (e.g. climatic conditiofSemmartin et al. 2004).

Response modifiers

Changes in water column nutrient levels in resperedivestock are highly variable, with
positive, neutral and negative responses beingtexp@¢Table 1). This variability may result
from differences in current and historic grazinggtice including the duration, intensity and
type of grazer and feeding practices. In additiorthese variables, the extent that nutrient
levels change in response to grazing will also beifred by the ability of wetlands to buffer
nutrients introduced by livestock, as outlined lelo

Other nutrient sources: Nutrient inputs from other sources, such as theliegipn of
fertilisers or nutrient-rich effluent increases tb&al nutrient input to the wetland and reduces
the capacity of wetlands to buffer nutrient inprdni livestock. Where fertiliser has been
applied in the past this may exert a long lastimpact on water column nutrients that
overrides the influence of livestock on nutrientgeentrations (De Steven and Lowrance
2011). The failure of some studies to report atp@siffect on nutrient levels after livestock
exclusion has been attributed to the overridinguerice of high nutrient levels from other
sources.

Water regime: Wetland water regime can modify the impact ofrient inputs from livestock.
The volume of water held in the wetland will deterenthe extent to which nutrients that
enter the water body are diluted. Similarly, chanigewater volume during drawdown events
will determine to what extent nutrient already r@sbecomes concentrated. The frequency
of flushing events determine to what extent nutseme removed from the system.

Plant growth and luxury uptake: The capacity of plants to take up nutrients tgfogrowth
and/or accumulate nutrients in their tissues beyiwir requirements (luxury uptake) can
influence the system’s capacity to buffer nutriedditions arising from grazing.

Nitrification-denitrification: The nitrification-denitrification process is afmportant
consideration in the nitrogen balance of wetlargli eesults in the removal of nitrogen from
the wetland as nitrogen gas,jNDenitrification removed 30-40% of N (fertilisand liquid
cattle caste) applied to a rice paddy (Zhou e2@D9) and 28% of N introduced by grazing
animals in a wet pasture (Fraser et al. 1994).

A range of factors regulate the activity of micnganisms responsible for nitrification and
denitrification in wetlands including temperatupé], carbon and the presence of aerobic and
anaerobic zones required for nitrification and t#idation, respectively. Treading by cattle
has also been shown to increase rates of deratidic by compacting the soil and favouring
anaerobic conditions needed for denitrification. idt unlikely that elevated rates of
denitrification produced by cattle trampling woldd sustained as the process will become
limited by the availability of N@produced by aerobic bacteria. Plants capable mfexiive



gas flow (e.gPhragmites spp, Typha spp., also see Brix et al. 1992) can increasetiasra
around their roots and produce aerobic and anaemulries in the soil that enhance rates of
nitrification denitrification.

P adsorption: The capacity of sediments to adsorb P is influermedoil type and sediment
aeration. P is adsorbed by soils (i.e. adheresits garticles and unavailable for uptake by
plants) when it reacts with iron, aluminium, catloiand other ions in the presence of oxygen,
and is released under anaerobic conditions. Wetaild that are anaerobic or have a low
concentration of these elements have limited capaoibuffer P additions from livestock.
Temporal changes in sediment aeration will alter lgwvels of P adsorbed by the soil and
produce fluctuations in water column concentrations

Pathogens

Livestock faeces contain a range of pathogensdimuubacteria, protozoans and viruses that
can cause disease in both livestock and humandieStexamining the influence of livestock
on the presence of pathogens in surface waterfbave that livestock increase levels of
faecal coliform and streptococci bacteria —bactesied as indicators of the presence of
pathogens in surface water (Johnson et al. 19R&uffman and Krueger 1984).

The pathogens most likely to be found in surfactemidnat pose a risk to human health
include various strains of the bactefscherichia coli, Campylobacter spp.Cryptosporidium
parvum andGiardia duodenalis (the latter two are protozoans) (Billington et2011). An
assessment of public health issues associatedtoith accessing waterways upstream of
drinking water off —takes in Victoria four@ryptosporidium parvum, Salmonella spp.,
Campylobacter spp. andescherichia coli to be the most important hazards to public health.

Response modifiers

Studies examining the level of protozoan pathogaesent at grazed sites found that the
influence of livestock was variable.

Habitat use by other fauna: In some cases livestock exclusion increased $keotithe habitat
by wildlife which also shed these pathogens inrtHaeces resulting in high levels of
contamination (Doran & Linn 1979; Doran et al 1981)

Type and age of livestock. The prevalence of pathogens shed by livestockewvawith
livestock type, age and feeding system (i.e. feed dr pasture). For example, the
concentration ofCryptospordium spp. is higher in the manure of calves than iinighe
manure of lambs. Concentrations @fyptospordium spp. decrease greatly with age in both
cows and sheep and restricting access of juvenikstbck is considered an important
management intervention to reduce the risk of mghe in waterways (see Billington et al.
2011. for a detailed account).

Ste features: the extent to which pathogens contained in lvglstmanure are transported into
waterways will be modified by rainfall events, tslepe of the land, vegetation cover and the
width of the riparian zone from which livestock aecluded from the waterway (Billington
et al. 2011)

Depleted oxygen levelsin thewater column

Livestock excretions can deplete water column orygmncentrations by increasing
biological oxygen demand either directly when faeaee deposited in the water, or indirectly
when they increase the availability of nutrientsl atimulate primary productivity. Increased
primary production can lead to increased detritplits into the water column and increases
biological oxygen demand. If nutrients enter théavaolumn they can trigger algal blooms,
and increase biological oxygen demand when thenbloollapses. Where oxygen demands
exceed supply, oxygen becomes depleted.



Response modifiers

The risk of oxygen depletion increases as waterpégatures rises, as at higher water
temperatures the concentration of oxygen that théemvcolumn can hold is depressed.
Grazing can also increase water column temperabyresducing the cover of vegetation that
shades the water column (Belsky et al 1999).

3.1.1.3 Herbivory

Susceptibility to herbivory is influenced by twctars; (1) the preference of the grazing
animal for particular species over other species(a8hthe sensitivity of the species to
grazing. Herbivory, along with trampling, causedueed plant cover, biomass, height,
diversity and abundance, as well as the loss dicpéar lifeforms with accompanied changes
In canopy structure. Responses of vegetation rgyaare highly variable and the most
commonly observed are detailed in Table 1.

Response modifiers

A review of 35 studies examining the responsesudtralian rangeland flora to grazing
found responses to be highly variable - 41.5% ef3®4 species monitored in more than one
trial responded inconsistently to grazing (Vesk #esktoby 2001). The more often the
response of a species to grazing was recordedydager the variability observed. The
authors concluded that context is important in joted) responses of flora to grazing. Some
of the contextual variables that are likely to usfhce vegetation response to grazing are
outlined below.

Evolutionary history of grazing pressure: In plant communities that have evolved with heavy
grazing by large herbivores, grazers do not stsopgdfer one plant species over another and
grazing pressure is more evenly distributed am@egiss. Under these conditions it is less
likely that a particular species will be eliminateglgrazing and for diversity to decline. In
these systems, grazing helps to maintain divesasitygrazing removal leads to a reduction in
plant diversity. In Australia, where the flora hag evolved in the presence of heavy grazing
by large ungulate (hoofed) herbivores the introucodf livestock has produced catastrophic
impacts on soils, plant and faunal communitieslandscape processes (Lunt et al. 2007b).
Although Australian ecosystem have evolved wittzgrg pressure from native animals such
as kangaroos they remain sensitive to very higbl$eaf grazing pressure (Lunt et al 2007Db).
Australian wetlands are frequently subject to grgdy avian species, but these have a lesser
impact on vegetation and soils than do heavy lo@ssuch as cattle (Reeves and Champion
2004). As much of our understanding of grazing esifnom regions with an evolutionary
history of grazing it is unclear to what extent ffaterns observed in these systems applies in
Australia.

Historical exposureto grazing: In sites that have been grazed in the past,tsenpiants are
likely to have been eliminated leaving only graziagrant species. Introducing grazing at
these sites would be expected to have a lesseciroparegetation than at rarely grazed/
ungrazed sites where grazing sensitive specidgalgto have been retained (Lunt et al
2007Db).

Total grazing pressure: Grazing pressure exerted by domestic stock camxdseebated by
grazing by wild exotic and native herbivorous manmiacluding feral goats, kangaroos,
donkeys, rabbits, horses, pigs and camels (Fidgtadr 2004). Where there is significant
grazing by wild herbivores the level of livestoalaging that can be sustained will be greatly
reduced. An understanding of total grazing pressalong with the productivity of the land
is needed to determine livestock grazing denditiasare sustainable (Fisher et al. 2004).



Disturbance, productivity and regional species pool: Intermediate levels of disturbance such
as grazing have been shown to increase diversiign@s1973). However, the influence of
disturbance on diversity is modified by both thedarctivity of the site and the regional
species pool (Grime 1973, Frank 2005, Jones éHl)2

It has been well established that interactions eetwproductivity and grazing influence plant
diversity and community assemblages (OIff and Rétd®98; Proulx and Mazunder 1998,
Bakker et al2006). In productive systems, where resourceslémt growth are not limiting,
competitive species with fast growth rates can daminance, excluding other species and
reducing diversity (Grime 1973). In these systemtucbance such as grazing can create gaps
in vegetation that increase the availability ohtigspace and nutrients and provide
opportunities for other species to establish anteimse diversity. Where livestock
preferentially graze dominant species, competititeractions are weakened and diversity is
favoured. Grazing in productive systems also presvan accumulation of leaf litter which
suppresses germination and early establishmentdgaxalk 1986, Carson and Peterson
1990). The positive influence of livestock on dsigr in productive systems may only apply
if the competitive dominant species are palatabtewithin reach.

The relationship between diversity and disturbange&oductive systems is also influenced
by the number of species that are capable of liinrthe community- the regional species
pool. Where the regional species pool is largepangagules (seeds and/or vegetative
fragments) reach the wetland, it is more likelyt #thapecies will arrive that can exploit new
niches created by disturbances such as grazingithan the species pool is small (Jones et
al. 2011). In semi-permanent and permanent wetleanm@snada, with similar levels of
productivity, intermediate levels of grazing incsed diversity in the semi-permanent wetland
which had a higher regional species pool thanditithe permanent wetland, which had a
lower regional species pool (Jones et al. 2011).

Although disturbances such as grazing can prethentampetitive exclusion of species in
productive systems and favour more diverse comnashiin unproductive systems
disturbances can cause diversity to decline (PrantkMazunder 1998). In low productivity
systems growth is restricted by resource availgtaind recovery from grazing or other forms
of disturbance is slow. In these systems graziimggbmo benefit but increases the risk of
local extinction and with it reductions in diveys{Proulx and Mazunder 1998).

A global review by Proulx and Mazunder (1998), anpassing a broad range of ecosystem
types including lakes, streams, grasslands, manddorest systems, concluded that grazing
increases diversity in nutrient rich sites but éases it in nutrient poor sites. Species richness
was found to increase under high grazing pressué@% of the nutrient rich sites. In

contrast, species richness declined in 100% oftitieent poor sites. A similar response has
been reported in response to soil moisture avéthakbiujita et al. 2009), with diversity
increasing in response to grazing in wet low lyioges and decreasing in dry upland zones
of a Mongolian pasture.

These studies support the hypothesis that thetefferazing on plant diversity is modified
by productivity. These studies have been perforpredominantly in regions with an
evolutionary history of grazing by large herbivoreewever, several Australian studies
indicate that interactions between productivity grazing may be similar to those reported
elsewhere. Vesk and Westoby (2001) found that epeaimber was more likely to decrease
in response to grazing in areas of lower rainfahtin areas of higher rainfall. Grazing
studies conducted in various vegetation communitidsn the Gwydir wetland (NSW)

found that grazing increased diversity in the patise Marsh Club RusHBplboschoenus
fluviatilis) community but decreased it in the low productiMiiarrego Summer Grass
(Paspalidium jubiflorum) community (Berney 2010).



Alpine and subalpine wetlands are low productitifypitats as conditions are only suitable

for plant growth for a short period and soils acigli@ and low in nutrients. These systems
are considered very sensitive to disturbance imetudrazing and trampling (Williams and
Costin 1994) Sphagnum is often a key component of the plant community Bomms a layer
that is inherently soft and usually saturatedsabke underlying peat and is very susceptible to
trampling from livestock (White 2009). The hard kes of livestock compacts and damages
the Sphagnum and underlying peat and creates channels whickase drainage leading to
reduced water retention (Trimble and Mendel 1995it&/2009). This initiates drying of the
peatland and further loss §hagnum and other vegetation. The combination of dryind an
loss of overlying vegetation exposes the peat taieoxygen and accelerates decomposition.
This further reduces the systems water retentiopgaties and increases the risk of wildfire
(Tallis 1983) and wetland loss (van Breemen 1995).

Type of grazing animal: Grazing animals differ in the type and amount ajetation they
consume, the areas they access within the wetlaththa way they graze. Consequently the
type of grazer will strongly influence vegetati@sponses.

A comparison of grazing pressures exerted by diffetypes of livestock is given in Table 3
& 4. Grazing pressure represents the dry massgetagon consumed per animal per day.
Dry sheep equivalent (DSE) is used to expressmggzriessure for a range of animals of
different body sizes in equivalent terms to shégégher et al. 2004). DSE is the standardised
body weight equivalent of a single she@w(s spp.) Grazing pressure varies with the type of
grazing animal and is higher in cattle than goatskangaroos (Table 4). Grazing pressure
varies with sex and life stage (Table 4).

Table 3. Comparison of grazing habits for some livestock (Burritt and Forst 2006, Lu 1988)

Grazing features Comparison among grazers

Grazing pressure 1 cow = 8 sheep=11 goats= 12 kangaroos= 133 rabbits
Selective grazing goats> sheep > cattle

Enter inundated areas cattle> goats>sheep

Dietary preferences cattle: grasses

sheep: forbs
goats: versatile feeder; woody plants & grasses; tolerant of plant chemical

defences
Graze close to the Sheep = goat> cattle
ground
Containment cattle are easier to muster and require lower fencing standards for

containment than sheep or goats

Table 4. Dry sheep equivalents (DSE) for different types of stock under Australian conditions (Jansen
and Roberston 2001, modified from Denney et al. 1990). Dry sheep equivalents (DSE) is the
standardised body weight equivalent of a single sheep (Ovus spp.), based here on a 45 kg animal.

Type of animal Sex/Life stage Dry Sheep Equivalents
(DSE)
Sheep Rams 2
Wethers 1
Ewes 1.5
Weaner lambs 1.5
Cattle Bulls 14
Steers 9
Cows 8
Cows and calves 15
Weaner calves 6
Goats 0.73
Kangaroos 0.67

Selective grazers exert greater pressure on thefienped species causing some species to be
eliminated. In general, small herbivores are mefective than large herbivores (DEEDI



2011). Large grazers, such as cattle are unalgeatre selectively due to the size and shape
of their mouth; they consume large amounts of fisrberbaceous plants, particularly grasses.
Sheep can graze more selectively than cattle, piregeforbs but consuming succulent
grasses when available. Sheep generally avoid wethy areas and are less adapted to
grazing tall dense vegetation than cattle (Buaritll Frost 2006). Goats are more selective in
their diet than cattle or sheep and unlike shedimvéze in wet areas. They can remove
leaves from woody species and are more toleraplaot chemical defences than cattle or
sheep (Burritt and Frost 2006).

Differences in grazing pressure, diet and behawebudifferent types of livestock can be
exploited to control specific weed infestationse(section 3.2.1. for examples). However,
studies that compare the effects of different tygfagrazing animals on native vegetation
communities are generally lacking. A review on éfffects of grazing on Australian
rangeland flora found that vegetation change wasklyecorrelated with the type of grazing
animal (Vesk and Westoby 2001).

Duration of grazing: Vegetation may show good initial recovery fromazjng due to
carbohydrate reserves stored in underground tissweseed banks. However, continued
grazing will tend to deplete these reserves owee tResilience will vary with the initial
condition of vegetation, the abundance and longafiseed stores and the level of grazing
pressure applied. Grazing of native grasses initiderstory of a Eucalypt woodland in
northern Queensland was resilient to high grazneggure (representing consumption of
75% of plant biomass) in the first year but recgveom grazing declined thereafter (Ash et
al 2002).

Type of vegetation: The susceptibility of plants to grazing will varggending on their
palatability, whether they are within reach of gnaz their regeneration requirements, life
history strategy and susceptibility to tramplingl aoil compaction. Examples of the varied
response of plant communities to grazing are dismlibelow.

In subalpine grasslands grazing creates bare gnbiwh enables shrub seedlings to
establish and reduces the survival of the domigeags Soft Snow-grasBda hiemata).
Shrubs that are unpalatable and capable of regergefeom buds persist under grazing and
may encroach upon grassland species. In conttaghsthat are palatable and can only
regenerate from seed are suppressed by grazintigivéland Ashton 1987).

Graziers in the Macquarie Marshes report that grpiricreases the diversity of understory
species in communities dominated by tall produdigebaceous species including Common
Reed Phragmites australis) and CumbungTypha sp.) (Holmes et al. 2009). Similarly in the
Gwydir Wetlands (floodplain wetlands of the northéfurray-Darling Basin) grazing also
increased diversity in Marsh Club Ru@h fluviatilis) communities, a tall, productive and
palatable species (Berney 2010, Holmes et al. 200@pntrast, grazing reduced diversity of
the low productive Warrego summer graBsjbiflorum) community. Grazing in botB.
fluviatilis andP. jubiflorum communities within the Gwydir Wetlands favoureéaips with a
prostrate and/or ruderal growth form. In plant camities already dominated by prostrate
species, grazing is likely to maintain their donmio@ Water coucfPaspalum distichum) is a
short native, highly palatable perennial grass Winimintained dominance when grazed.

In frequently inundated areas plant communitiesdarainated by amphibious responder
species. Cattle frequently utilise these areastess water, exposing plants to high levels of
trampling. Amphibious responders are particulatiinerable to trampling because they have
minimal structural tissue, relying on the wateruroh for support. Grazing in inundated
zones was found to reduce the cover of amphibiesggonder species compared with
ungrazed sites (Holmes et al. 2009: Wilson et@D82 2009).



Weeds: Many studies show an increase in either the nummbeover of weed species in
response to grazing, including alpine systems (Welsal. 1984, Victoria; Gillieson 2004,
Australia), riparian systems (Jansen and Robe266d, Murray-Darling Basin, Australia),
flood-prone grasslands (Chaneton et al. 2002, Séotérica) and wetlands (Jones et al.
2011, Canada; Silvers 1993, Australia).

Compositional change in wetland plant communitiesesponse to grazing will be strongly
influenced by the regional species pool that capaed to gap creation and changes in
resource availability produced by grazing. Wherasgive species comprise the regional
species pool livestock grazing can result in thal@ishment of new incursions of invasive
flora or increase the cover of those already pte€@esterheld and Sala 1990). In the Barmah
Forest, proximity to farmlands which provide a smuof weeds was considered an important
factor contributing to weed invasion along withdting and grazing (Silvers 1993). There is
also growing recognition that livestock movemenmstdbute to the dispersal of invasive

flora (Hogan and Phillips 2011, see section 3.).1.4

Water regime: Water regime influences plant responses to gganithree ways: (1)
influencing areas accessible to grazers, (2) cingritje prevalence of plant species preferred
by grazers and (3) increasing susceptibility ohjgao submergence (Voslamber and Vulink
2010, Marty 2005, Berney 2010, Middelton 1990). Wheter levels are low grazing
animals have greater access to vegetation andapkdailants may be grazed throughout the
growing season. Under low water levels grazingddyle and horses reduced the cover of
Common Reed in the Netherlands and altered the typeaterbirds that visited the site.
Higher cover of Common Reed was preferred by bngegiebes and marshland passerines,
while < 10% cover of Common Reed increased visitally Eurasian spoonbill, smew,
herons, ducks, waders and rails (Vulink et al. 2010

In contrast, periods of high water levels resmi@zing to shallow areas and enables plants in
deeper zones to recover and regenerate. Permaesmivhter wetlands may however
experience high grazing pressure in the wetlantebahd in the shallow wetland margins
when they provide a source of drinking water orl @@mditions in hot weather

Compositional changes of vegetation in responseldnged water regimes can cause
grazing pressure to shift to different species (Bgr2010). In the Gwydir wetland, NSW,
livestock grazed low-growing species along the amfgdarsh Club Rush stands in
preference to Marsh Club Rush, but in drier yeaagigg pressure on Marsh Club Rush
increased as the unpalatable Lipfithyla canescens) invaded (Berney 2010). In a Mongolian
pasture differences in productivity associated wihh moisture produced different responses
to grazing. In wet low lying zones grazing increhspecies diversity but in dry upland zones
it decreasing it (Fujita et al 2009).

Grazing combined with submergence reduces growdrsarvival of emergent plants more
that either factor alone. A number of studies Haate simulated grazing by clipping plants
have shown that submergence exacerbates the affeptazing on plant growth and causes
mortality in some emergent species (Middleton 1®8@nch and Brock 1994, Oesterheld and
McNaughton 1991).

3.1.1.4 Transport of plant seeds in faeces and fur

There is growing national and international conadraut the significance of livestock
movements in the dispersal of invasive flora (Hogad Phillips 2011). Seeds are readily
dispersed by livestock through: (i) attachmentdats, (ii) consumption and excretion in
faeces and (iii) vehicles used to transport livelstwhen they become contaminated with
faeces and dirt (Hogan and Philips 2011). A studméning the role of cattle dung in
dispersing seeds in Flooding Pampa grasslandsg#mina found that ~33% of species in



the grassland germinated from cattle faeces andwaed that the dispersal of seeds of
invasive species in cattle faeces contributed tedamvasion in this ecosystem (Vignolio and
Fernandez 2010).

Response modifiers

The effectiveness of livestock in dispersing pke#ds depends on both the traits of the seed
and the type of grazing animal.

Plant traits: Seed traits that favour dispersal by livestoaiuide the presence of barbs or
mucilage that enhances the attachment of seee taniimals coat and the tolerance of seeds
to passage through the gut. Plants that producedainti Seeds increase the likelihood of
dispersal.

Type of animal: Although gut passage decreases germinationedatites create gaps in
vegetation and provide a moist, nutrient rich emwinent that can facilitate early
establishment (Vignolio and Fernandez 2010, Gard&9@3, Hogan and Phillips 2011). It
has been estimated that at stocking rates of K ¢wtt dung pats will cover ~12% of the
pasture each year, creating gaps in which seedeguéntly germinate. Small faecal pellets
produced by sheep do not create environmental tonsliconducive to seed germination and
establishment.

3.1.2 Benefits of grazing

The complete exclusion of livestock is recommenidesites that are intact, uninvaded and
unproductive, or contain vulnerable vegetation camities or rare or threatened species
(Lunt et al 2007b). Grazing should also be probibivhen it is likely to alter landscape
processes (e.g. water drainage in alpine areaspolt in weed invasions. Despite these
recommendations there are certain conditions irthvgrazing can be beneficial if carefully
managed. Grazing may be considered beneficiatiflivers social, economic or ecological
benefits. Social benefits may result when grazimegtes areas of open water that favour
waterfowl species for hunting or facilitates boetess. Economic benefits may result when
livestock production is profitable. Grazing casaatleliver ecological benefit under certain
circumstances. In this report we examine onlyphiential ecological benefits of grazing
(Figure 3).

Possible favourable outcomes of grazing in natcabystem in Australia have been outlined
by Lunt et al (2007b) and are described below.

» Control the biomass, or prevent the establishmeahoroachment of potentially
dominant grazing sensitive plants (native or ejotic

« Promote seed germination and plant establishmergdycing the leaf litter layer.

« Provide disturbance niches required by rare orifédgmt plant species.

« Maintain habitat structurfer particular faunal species.

« Enhance the diversity of species and vegetatioctstre across the landscape

Grazing may be used to control the biomass of ctithgeundesirable species (invasive or
native) or to prevent their establishment or exjzané_unt et al. 2007b). Grazing is used in
European and US wetlands to control competitiveisggvan Deursen and Drost 1990;
Vulink et al. 2000) and to manage particular we€idtle have been used to control several
alien aquatic species including willows, Reed Svigeiss Glyceria maxima) and Reed

Canary Grasshhalaris arundinacea ) (Reeves and Champion 2004)). Goats have beeh use
to control invasive woody plants in wetland mead@Rsshetiloff 2009) and invasions of
Common Reeth the US (Brundage 2010). Controlling competitivelesirable plants groups
can help maintain or restore species diversity fiBage 2010) and habitat structure preferred
by certain faunal groups such as waterbirds (Vudin&l. 2000). In some cases habitat niches



generated by grazing can allow rare or signific@cies to establish, although examples for
wetlands are lacking.

Reduced litter, bare ground and canopy gaps crégtédestock grazing can be beneficial
when it increases the germination and establishofesiésirable plant species and enhances
diversity. In landscapes where vegetation commes#re homogenous, particularly in
ungrazed landscapes, grazing can create patchegetiation with different structure
favouring different faunal groups and enhancingllviersity at a landscape scale (Lunt et al.
2007Db).

As grazing can reduce the accumulation of dead &$snm productive systems grazing has
also been proposed as a means of reducing thefngikdfires. In California, targeted
grazing with sheep and goats is increasingly agpbeeduce fire fuel loads and create
firebreaks at interfaces between urban areas astddnd (Launchbaugh and Walker 2006).

It is likely that the appropriateness of grazingeduce the risk or intensity of wildfires will
differ among wetland types. In alpine and subapirtlands grazing is likely to increase,
rather than decrease, the risk of wildfires. Teurs as livestock damage the hydrological
structure of peatlands by creating channels ansimguwvater to drain from the wetland (see
section 3.1.1.3). High moisture content is an irtgoa factor in reducing the risk and impact
of fire in these systems (Tallis 1983).

For other wetland types in Australia there is auilseinsufficient research to assess if grazing
is an effective strategy to manage the risk of fiveéd. The effectiveness of livestock grazing
in reducing fuel loads relies on livestock selagfatants that produce a fuel hazard (DNRE
1996). Even where it can be demonstrated thatrgraeduces the risk of wildfires, the level
of grazing required to achieve this is likely tari@ase erosion, nutrient enrichment and result
in the loss of flora and fauna. These impactsiketylto outweigh any fuel reduction

benefits. In these cases the use of grazing t@gmathe risk of wildfires is inappropriate
(DNRE 1996).

The potential benefits of grazing outlined herd wlly be realised if the target species are
accessible to grazers and preferred over non-tapgeties, when gaps created by grazers are
not colonised by invasive or undesirable grazingrémt species, and when the impacts on
non-target species are minimal and closely mordtdezen when some benefit may be
derived from grazing, other impacts such as sailgaction and degraded water quality will
occur and need to be weighed up against the lik@hefits.



Understanding the relationship between livestock grazing and wetland condition

Grazing
Benefits

Primary Impacts

A 4 h 4 Y h
Unlikely to Unlikely to Unlikely to Unlikely to
be ‘ be be be
beneficial beneficial beneficial beneficial

Ecological Response

Potential Beneficial
Management Outcomes

Figure 3. Primary impacts and ecological responses of wetlands to livestock grazing and their potential beneficial management outcomes. Colours represent variables
associated with different wetland condition attributes: green, vegetation; pink, invasive flora; grey, soil properties; purple, water quality
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Alternative management strategies such as thetéargse of herbicides, mowing, harvesting
and fire may achieve the same vegetation managegoaid as grazing (Reeves and
Champion 2004). The ecological, economic or saaiglications of each control strategy
should be evaluated in deciding on an appropriateral strategy. Grazing may be
economically more viable when large infestatioreginee control and/or where access is
difficult (Launchbaugh and Walker 2006). In the td&geted grazing by sheep and goats has
proven to be a cheaper and more effective strategyherbicide treatment or mechanical
removal in controlling expansive infestations ofesal invasive species including: Leafy
Spurge Euphorbia esula), Kudzu Pueraria montana var.lobata), Spotted Knapweed
(Centaurea maculosa). In Montana and North Dakota sheep and goatassaé to control

Leafy Spurge costing 60c per acre — compared tqp#8%acre for aerial herbicide spraying
(Launchbaugh and Walker 2006). A US study examitiegefficacy of goats in controlling
invasion of Common Reed concluded that grazingdatgreduced Common Reed biomass
and increased species diversity without any appaemnimental effects (Brundage 2010).

3.2. Grazing management practices

In some wetland systems, the careful managemegrbaing can prevent or reduce adverse
impacts on wetland condition, and in some casesated grazing may exert a positive
effect on some aspects of wetland condition. Irioflystems even low levels of grazing will
degrade wetland condition necessitating the com@rtiusion of livestock.

Grazing is often managed to achieve one or motkeofollowing objectives:

» Provide food and water for livestock with minimaipact on the ecological attributes
of the wetland.

* Modify or maintain habitat structure for particufauna (e.g. waterbirds).

» Control competitive species to improve biodiversiues.

» Control invasive flora.

* Reduce the risk of wildfire.

* Manage vegetation to support the social valuebefvetlands (e.g. controlling
vegetation to favour game birds and boating access)

The variety of grazing management strategies tlagtlme applied are describe in Table 5
along with their potential benefits and risks. Bedection of particular strategies should be
based on the management objectives, the plant caitigsithat are present, the current
condition of the wetland, and the influence of esg®e modifiers as described in Table 6 (e.g.
productivity, risk of weed invasion or spread, rarit buffering capacity).

Grazing management strategies manipulate the tygp@iathe number of grazing animals, the
timing or duration of grazing, and/or the areas livastock access. In most cases ecological
responses to grazing management are anecdotdi@nelative merits of various practices
remain uncertain. The exceptions are the compietieigon of livestock and reductions in
grazing intensity which have been subject to miyarous experimental treatment to
elucidate the impacts of grazing and are reportegkeiction 3.1.1 and Table 1.

Experimental studies of these management prade@®nstrate that ecological responses to
grazing management are highly variable and thatesdms important in predicting grazing
responses. Further research is still needed téywbe influence of response modifiers before
greater confidence in grazing management practi@ede achieved.



Table 5. A description of grazing practices along with potential benefits and risks to wetland condition. (DSE, dry sheep equivalents)

Management Description Potential Benefits Potential Risks
Practice
Continuous/ Continuous grazing is the traditional grazing practice in In some cases low stocking rates may help to: Grazing pressure can vary spatially and

Set stocking

Australian wetlands (Casanova 2007). Under continuous
grazing, livestock graze the site all year with no
significant regular spell periods.

«  control palatable invasive species

+ manage habitat structure if dominant
vegetation is palatable.

However, these benefits are more likely to be

achieved through controlled grazing regimes.

temporally resulting in some areas being
overgrazed even at acceptable stocking rates.
Under low stocking densities stock can
selectively graze, resulting in the decline of
palatable species.

When the availability of forage is low, set
stocking practices can lead to overgrazing
and compound impacts on vegetation (Hunt
2001 in Fisher 2004). The availability of
forage may decline in wetlands when they
dry or experience other disturbances such as
fire, saline intrusion, or grazing by wild
animals (native and/or exotic).

Even low stocking rates may impact on water
properties, soils and vegetation.

Complete
exclusion

Fencing to permanently exclude livestock (DSE 2012).

«  Eliminates further impacts associated with
grazing.

*  Most applicable to sites that are: (i) intact, (ii)
unproductive, (iii) uninvaded; (iv) have grazing
sensitive significant/rare/threatened flora; (v)
where grazing will impact on landscape scale
ecological process (e.g. drainage in alpine
peatlands).

Complete exclusion may not be beneficial
when there is a high risk that palatable
competitive species (exotic or native) are
present or likely to establish and become
dominant and exclude less competitive
species.

Other threatening processes such as altered
water regime or salinity may prevent
revegetation success following livestock
exclusion.

Loss of structural diversity at the landscape
scale, where there are expansive areas of
homogenous vegetation, particularly in
ungrazed landscapes (Lunt et al 2007b).

(continued next page)




Table 5. Continued

Management Description Potential Benefits Potential Risks
Practice
Exclusion and Complete exclusion and revegetation (DSE 2012). Used to re-establish native vegetation Other threatening processes such as altered
revegetation (particularly trees and shrubs) when it is water regime or salinity prevent revegetation

unlikely to recover naturally once grazing has
been excluded.

success.
Increase in the number and cover of invasive
plants requiring control measures.

Partial exclusion

Exclude some parts of the landscape from grazing to
maintain native species (Fisher et al. 2004).

Protects native flora and helps to maintain
native plant propagule sources.

May provide a refuge for native fauna

May maintain landscape connectivity for some
species.

Increase in the number and cover of invasive
plants or feral animal within exclusion areas
that require control (Fisher et al. 2004).
Other threatening processes such as altered
water regime or salinity prevent species
persistence despite livestock exclusion.
Protected vegetation may still be adversely
affected through the impact of grazing on
water properties and adjacent soils.

Manage stocking
rate

The stocking rate is the number of livestock per unit area
of land. The number of livestock that a pasture can
support is determined by the amount and quality of
forage available which varies with flooding regime,
season, grazing history and local climatic conditions.
Conservative stocking rates should be applied to
accommodate temporal and spatial variation in pasture
availability and should be based on the most sensitive
parts of the system (Holmes et al. 2009). Varying
stocking rates based on the availability of forage helps
prevent overgrazing and ensures high livestock
production (see set utilisation).

Stocking rates of 0.3-1 head of cattle /ha have
been recommended to protect wetland values
whilst providing some level of disturbance
needed to maintain species diversity in
productive systems (Wilson et al. 2008).
Varying stocking rates to match forage
availability prevents overgrazing vegetation.

The higher the stock rate the greater the
impact on wetland attributes.

Stocking rates of 7.4 -12.1 DSE/ha in the
Gwydir wetlands are not considered viable in
the long term (Holmes et al 2009).

(continued next page)




Table 5. Continued

Management
Practice

Description

Potential Benefits

Potential Risks

Set utilisation

Pasture utilisation is the percent of forage growth in a
year that is consumed by livestock (Ash et al. 2002). For
example, 50% pasture utilisation is where half of the
total dry biomass produced for the year is consumed by
livestock. Stock numbers are determined from models
that predict the forage available at the end of the
growing season and the requirements of stock.
Recommended utilisation rates are between 10%-30%.

Continuous stocking at 25% utilisation or early
wet season spelling followed by 50% utilisation
maintains land in good condition (Ash et al.
2002).

Overall the condition of degraded sites
improved, but the response across the site was
patchy (Ash et al. 2002).

Overgrazing from incorrect predictions of
pasture production.

Recovery of vegetation to a particular
utilisation rate will vary with climatic
conditions (e.g. drought) soil condition and
fertility.

Response lags: resilience of productive,
palatable, native perennial grasses to high
utilisation rates declined after a couple of
years. (Ash et al. 2002).

Manage total
grazing pressure

When determining stocking rates the grazing pressure
exerted by all grazers in the system should be
considered. This includes livestock and both native and
feral animals.

Allows livestock grazing rates to be adjusted to
take into account the grazing pressure exerted
by grazing animals other than livestock.

Difficult to assess total grazing pressure.
Underestimates will lead to overgrazing.

Targeted,
controlled or
strategic grazing

Where grazing regimes are modified based on local
conditions (e.g. ground cover, regeneration, inundation
phase, water quality) and are designed to achieve a
vegetation management outcome (e.g. eliminate weeds,
permit native plant regeneration, maintain habitat
structure for waterbirds) (Launchbaugh & Walker 2006).
May utilise a variety of grazing management approaches
to achieve a specific management outcome (e.g. pulse
grazing to sustain native pasture, crash grazing to reduce
exotic annual grass seed fall and seasonal tracking to
reduce grazing pressure on forbs and perennial natives.

Travelling stock reserves (TSR) are remnants of
native vegetation in NSW that were originally
reserved in the 1800s for use by travelling
stockmen to move livestock between pastures
and to market. Strategic grazing is used to
improve the conservation value of TSR
(Davidson et al. 2005). (see benefits of
practices below).

Requires a high level of skill and monitoring.
Incorrect decisions or inadequate monitoring
may lead to unintended impacts.

(continued next page)




Table 5. Continued

Management Description Potential Benefits Potential Risks
Practice
Seasonal Livestock are restricted, reduced or exclude from Prevents overgrazing vegetation when growth »  Requires a high level of skill. Incorrect
tracking pastures in accordance with seasonal conditions, forage is restricted by unfavourable conditions (e.g. decisions will result in unintended impacts

availability and growth period of natives.
Key periods to avoid grazing.

(o]

O O O o

(]

soils are saturated

native plants are establishing

replanting has occurred

native species are releasing seed

events that trigger germination of native species (e.g.
heavy rain, fire, floods)

during very dry periods when plant growth is reduced.

Permit grazing

(o]

when weed abundance is high and prior to seed set of
exotics.

drought).

Allows for regeneration of natives.

Reduces the severity of pugging and soil
compaction.

Can be used to control invasive flora.
Seasonal tracking is used in the management
of the Travelling Stock Reserves (NSW).
Grazing during the early growth of annual
plants (late winter early spring) is thought to
favour native forbs and perennial grasses that
have a summer growth phase (Davidson et al.
2005). Crash grazing is also used to eliminate
weeds and every 4 to 5 years to prevent
species gaining dominance and excluding other
species in fertile floodplains (Davidson et al.
2005). An analysis of the conservation values
of TSR has shown that spring grazing intensity
is negatively correlated with conservation
values (Spooner and Morris. 20012). This
confirms the value of seasonal tracking and
suggests that grazing to control exotics plants
should occur as early as possible (i.e. late
winter, early spring) to prevent impacts on
establishment of natives).

(Fisher 2004).

(continued on next page)




Table 5. Continued

Management Description Potential Benefits Potential Risks
Practice
Rotational Usually involves multiple paddock systems to allow spells | «  Thought to reduce grazing pressure on natives and allow No evidence that it is ecologically
grazing and from grazing. In rotational grazing, a paddock(s) is them to complete their life cycles. or economically effective (Fischer
spelling grazed until a desired residual dry matter level is reached | ¢  Rotational grazing combined with re-seeding has been 2004).

while other paddocks are ungrazed to allow maximum
growth and reproduction.

successful in re-establishing some native wetland species
(Jackson 1999).

A comparison of continuous and rotational grazing
practices in Flooding Pampa, Argentina, found rotational
grazing increased leaf litter accumulation reducing the
percentage of bare ground and promoted species with
high forage value. Species diversity did not change with
grazing approach. (Jacobo et al. 2006).

A number of studies show either
no benefit or negative effects on
vegetation (see references in
Jacobo et al. 2006).

Crash grazing

High stocking density for short duration.

Can be used to reduce seed fall of invasive flora or to
open gaps in dense stands of dominant vegetation.
Used by travelling stock reserve managers to control
weeds.

High number of livestock may
produce highly compacted soils
and a large pulse of nutrient from
excrement.

Import and or export of invasive
plant seeds if livestock are not
purged.

Pulse grazing

Stock are grazed on a range of small paddocks and
moved frequently to new paddocks allowing significant
regular spell periods.

Prevents selective grazing, resulting in more even grazing
pressure. Spell periods allow recovery of all species.

Doesn't eliminate other impacts of
grazing.
Uncertain if all species recover.

Manage type of
grazing animal

Grazing pressures and grazing habits differ among types
of grazing animals and life stages and can be exploited to
reduce grazing impacts and shift grazing pressure off
certain species or areas.

be used to:

Shift grazing pressure off particular natives.
Selectively graze particular weeds.

Reduce grazing on wet areas.

Reduce compaction.

Reduce damage to woody vegetation.
Reduce risk of erosion.

Requires a high level of skill.
Incorrect decisions will result in
unintended impacts.

Eliminate
supplementary
feeds

Food is sourced only within the system, creating a closed
grazing system where there is no net gain in nutrients.

Reduces nutrient loads to the system.
Improve water quality.

Only reduces the impact of grazing
on nutrients.

(continued on next page)




Table 5. Continued

Management Description Potential Benefits Potential Risks
Practice
Managing Watering points Reduces direct faecal « May be insufficient to maintain
livestock access | Create watering points >200 m from unfenced wetland/stream or 100 m from fenced contamination of water body. wetland condition.
within the wetland /stream and away from shade clumps (Biograze 2000, Peck 2006). A Reduces trampling of
wetland: distance of 3 km is recommended between water points (Staton & O’Sullivan 2006). vegetation, pugging and soil
(Fisher et al. Avoid placing watering points in areas of slope/channels where excrement will be compaction from frequent

2004, Staton
2006)

carried to wetland. Avoid placing in vulnerable areas.

If unable to locate water points away from wetland ensure watering points have:
o gentle slope (max 1:6 )

o firm ground or stabilise with gravel

o no shelter to discourage stock remaining in the area.

o consider fencing to limit access to other areas

Use portable watering systems or a large number of permanent troughs that are
switched on and off to reduce damage to land around water points by spreading
impact over a larger area.

treading in wet areas.

Cattle camps
o Establish shady/treed areas on flat ground > 100 m from wetland for cattle to loaf.
o If food and mineral supplements are provided place them away from wetland

Reduces faecal runoff into
water body.

Reduces trampling of
vegetation, pugging and soil
compaction near water body.

Stock crossing
o Locate stock crossing away from the wetland or stabilise access point with gravel
and fence to limit access

Reduces trampling of
vegetation, pugging and soil
compaction created by
repeated use of an area.

Create pastures
Water upland areas to create pasture away from wetland.
Improve pastures away from wetland by planting palatable species

Shifts grazing pressure from
wetland vegetation to upland
pasture.

Prevent
dispersal of
invasive flora by
livestock (DSE
2012)

Purging stock

o Prior to letting stock into wetland from a weed infested area allow a period of 1-7
days for ingested seeds to be excreted. Time frame varies with type of livestock
and invasive species.

o If possible exclude sheep until after shearing

o Purge stock after grazing weedy areas within wetland.(DSE 2012)

o If livestock are transported between sites ensure good vehicle hygiene to prevent
dispersal of weed seeds in soil and faeces carried in vehicle.

Prevents or reduces weeds
entering the wetland.

Complete elimination of weeds may

be difficult to achieve.
Other impacts of grazing are not
addressed.




4. Managing grazing despite uncertainty

The growing body of knowledge describing the ecwiaglgesponses to grazing in wetlands has
identified key pathways though which grazing alisegland condition. In most instances grazing
degrades the condition of wetlands and threatetlamgevalues. The key threats caused by
grazing include degraded water quality, soil dis&nce, invasive flora, degraded vegetation
condition and altered water regime. Of these treditanges to the water regime are the most
poorly documented.

Developing models that quantify the relationshipsMgen grazing management practices and
changes in wetland attributes is a key priorityt @siides the levels of investment needed to
achieve management objectives. Although therestsomg evidence base that demonstrates the
adverse impact of grazing on many ecological attég of wetlands, the magnitude of change is
highly variable, even when grazing is completelynelated. Responses to other grazing regimes
such as pulse grazing or rotational grazing (Tablere even less certain.

The variation exhibited in ecological responseweflands to grazing, particularly vegetation
communities, limits confidence in management atitisiand hampers the development of sound
management guidelines for grazing in wetlands-reclesion reached by several grazing studies
(Holmes et al. 2009, Reeves and Champion 2004edatence within). The development of best
management practices for grazing in the Gwydir Madquarie wetland, NSW, concluded that
large differences among wetlands in their wettiegime, soils, plant communities and climate
make it difficult to apply knowledge of grazingather areas to a particular system with any level
of confidence (Holmes et al. 2009). Similarly, siesv of grazing in New Zealand wetlands
concluded that grazing decisions need to be basddeoconservation objectives of individual
sites as responses to grazing were too variablev@@eand Champion 2004).

This review has identified a large range of respansdifiers - variables that modify the impact of
grazing on wetland components. Response modife@arde broadly grouped as those associated
with the grazing regime, the individual charact&sof the wetland and its landscape context
(Table 6). Although many of these factors are knesvimfluence ecological function and can
therefore be expected to influence wetland respotusgrazing, there are few studies that
specifically demonstrate their influence on wetlagsponses to grazing. Without a clearer
understanding of how these variables influenceiggazsponses, guidelines based on current
knowledge must be developed with caution and adaptianagement frameworks should be put
in place to safeguard systems from adverse outcohoe®duce uncertainty in management
activities research programs should be undertakéumrther our understanding of the role grazing
plays in wetlands.



Table 6. List of response modifiers- variables that can alter responses to grazing in wetlands.

Type Variables

o

Grazing regime timing

intensity

duration

type of grazer

total grazing pressure (grazing by feral and native animal)
historical grazing practices

evolutionary history of grazing

Wetland attributes initial condition of the wetland

wetland size

water volume

soil type

vegetation assemblage

water regime

presence of invasive flora/or risk of invasive flora establishing
primary productivity

frequency of disturbance

Landscape context surrounding land use
geographical setting (climate, altitude, slope),
regional species pool

connectivity

O 0O 0O 000 0O O0OO0OO0OO0OOOoO|0O0 O o oo

4.1. Next steps

The variability that characterises wetland respsnts@razing presents a challenge to effective,
evidence based management. While steps need &ixdae tb reduce this uncertainty managers are
required to make decisions based on existing kragedeA proposed structure for advancing the
management of grazing using our existing knowldalgge and for improving our understanding of
grazing are described below and summarised in Eigur

4.1.1. Using our current knowledge to better inform grazing decisions:
Our current understanding of grazing should be tsédl) refine program logic and (2) develop
best practice guidelines for managing grazing itlamels.

These guidelines should have the following objediv

* Provide a framework for assessing the sensitivityetlands to grazing.

* Guide the selection of appropriate grazing regifoesdividual wetlands.
« Embed grazing decisions within an adaptive managéfremework.
Assessing the sensitivity of wetland systems to grazing

The sensitivity of wetlands to grazing should bgeased using both landscape scale and site based
assessments. Landscape scale assessments showddiesthee significance of a particular wetland
in the landscape as well as how landscape contaxtimfiuence its sensitivity to grazing.

Landscape significance should consider the follgwin

* Rarity of wetland type in the landscape.

e Contributions to habitat complexity at a landscapale.

< Disruption of landscape services such a drainagetifans.

* Role in maintaining connectivity pathways and asaught refuge.

Landscape contexts that may influence responseating include:
e surrounding land use



* geographical setting (climate, altitude, slope),
» regional species pool
e connectivity.

Our current understanding of the variables thatierfce grazing responses should be used to
evaluate the sensitivity of particular wetlandgtazing pressure and inform grazing decisions.

Site-based risk assessments should consider:

e The sensitivity of native and invasive flora to zjray.

* Wetland type (ecological vegetation communitieseng, salinity, water regime).

* Wetland condition (e.g. changed water regime, \&get condition, weed cover, salinity).
* Wetland size.

e Grazing regimes.

e The productivity of the site.

« Disturbance regimes.

e The regional species pool.

e The presence of invasive flora in the wetland dredrisk of invasive flora establishing.

Sensitivity of vegetation: Grazing management decisions need to ensurestsestence of rare and
threatened species and species that are mostiwensigrazing. This requires knowledge of the
sensitivity of wetland species to grazing, particlyl for rare and threatened species. There is
currently no inventory of the sensitivity of wetthplants in Victoria to grazing and assessments
rely on NRM and landowner knowledge.

Developing an inventory of grazing sensitivity vabsist NRM and landowners to better predict
the outcomes of grazing. Where field based infoimnabn grazing sensitivity is not known it may
be possible to infer sensitivity from plant trafpecies sensitive to grazing are likely to have
some of the following features: palatable, ministalictural tissue which makes them sensitive to
trampling, adult foliage within the reach of grazdack basal meristems, do not reproduce readily
from vegetative fragments, specific germinatioruisgments, grow slowly, short lived seed

banks, reach sexual maturity slowly and/or prodeeeseeds. Species that have sensitive
juvenile stages may fail to reach maturity prevamtiegeneration and eventually causing their
local extinction.
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Figure 4. Framework for advancing the management of grazing in wetlands. Blue coloured boxes indicate approaches using current knowledge and red boxes indicated
approaches than aim to extend current understanding.
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Wetland type: A range of wetland attributes are used to clgssédtlands including, but not limited to,
landscape context, water regime, salinity, ecollgiegetation communities and soil type. Therstexi
some understanding of how these individual attabunfluence grazing sensitivity but little is knoabout
how these attributes collectively interact to deliee the sensitivity of wetland types, with the epiton
alpine and subalpine wetlands which are recograsduking highly sensitive to grazing.

Wetland condition: The Index of Wetland Condition (IWC) assessmentwide some information about the
threats produced by grazing including soil puggmgrient enrichment and the condition of vegetatithe
IWC also collects data on variables that can aBse$sessing the sensitivity of the wetland t@igpg
including EVCs, weed cover, presences of high theegds, salinity and water regime. It is recomneehd
that an index of grazing sensitivity incorporatasadcollected through IWC assessments as well as
additional data to inform grazing sensitivity asaidled below.

Wetland size: The perimeter to area ratio is greater for smatlamels than large wetlands and this means
that they are relatively more susceptible to extepnessures than large wetlands. In regions wiheesive
flora is prevalent, small wetlands will be morenasable to weed invasion than large wetlands aad ar
therefore more sensitive to weed invasion dued@tiesence of grazing livestock.

Grazing regimes. The current condition of the wetland, particulahg presence of grazing sensitive
species, along with knowledge of the historical amdent grazing regimes and grazing pressure feval
and native grazers, can help to inform the resikenf the system to grazing. This knowledge is addd
inform sustainable grazing regimes.

Productivity of the site: It has been demonstrated that grazing can imptovéiodiversity of wetlands that
are productive, but can reduce biodiversity in f[meduction systems. Although most studies have been
conducted in countries with an evolutionary histofgrazing it seems likely that this response alsplies
to countries such as Australia where there hab@et an evolutionary history of heavy grazing bgda
ungulate herbivores (Lunt et al 2007b).

Environmental conditions that constrain primaryduction such as water availability, temperatuightli
nutrients and salinity can be used as latent vimsalh assessing primary productivity of wetlanésilt is
recommended that a process to evaluate wetlandigioily be explored which can be used to identify
wetlands more vulnerable to grazing. Evaluatingperal changes in productivity in response to charnge
resource availability (e.g. rainfall) and/or landysactices would also prove useful in trackingngjes in
grazing sensitivity and determining appropriatekiag rates.

Natural levels of disturbance: Disturbances such as fire, grazing by native aripthbught, floods, storms
or human activities can eliminate species and pegpportunities new species to establish or mawal
inferior competitors to persist. In general, modetavels of disturbance promote diversity in pretoe
systems while in unproductive systems even lowl$eskdisturbance may reduce diversity. In produecti
wetlands where natural levels of disturbance arenished, grazing may help to reinstate the natural
disturbance regime. In contrast, if systems alreagberience high levels of disturbance, grazing may
reduce diversity. Evaluating levels of other dibaurce in the system such as the frequency of ihgpali
drought may help evaluate the likely influence k&#zing in the system.

Regional species pool: There is some evidence that where the regioda@mous species pool is large, gap
creation produced by livestock may provide oppaties for new species to colonise the site andeiase
diversity. In contrast, where the species poohialsgrazing is unlikely to enhance native floddtiiversity,
and where exotic species comprise a large porfitimeoregional species pool disturbances like giamay
lead to the establishment of invasive flora.

Invasive flora: Livestock create gaps in vegetation and creatddtaiiches that can favour the spread of
invasive species already present in the wetlarideestablishment of new invasive species. The IWC
collects information on the prevalence of high #ineeeds within the wetland. Evaluating the likebld



that invasive species will be introduced and eshlih a wetland in response to grazing pressuraldh
consider: (i) the composition and invasive capaaitthe regional species pool, (i) the likelihoaid
invasive flora being transported into the wetlaranatural dispersal pathways (wind, water, watdd)ior
via livestock and (iii) the likelihood that conditis within the wetland are suitable for establistim&his
information coupled with an understanding of thezgmg sensitivity of these species can inform {ikel
responses of invasive species to grazing pressure.

Adaptive management to build confidence in management practices:

Much of our understanding of grazing impacts iselbasn studies that have either completely excluded
livestock or reduced stocking rates in previoushzgd systems. Although this provides a basis for
assigning confidence to these management practéicieence of the benefits/risks of other management
practices are lacking, with anecdotal reports casimgy much of the evidence base.

There is a pressing need to develop a more rigormmtoring and reporting framework around
conservation investments related to grazing managemn adaptive management framework, informed by
regular monitoring of key attributes is heededdiptsafe guard against ineffective or adverse nemagt
outcomes. This approach will also help to buildkhewledge base that will improve confidence in
management decisions.

An adaptive management framework should ensurdibaskata on historic, current and planned grazing
management practices, key ecological indicatorsrasgonse modifiers are captured. Key ecological
indicators of wetland responses to grazing pressesd to be sensitive but simple and inexpensive to
measure. This approach will ensure sufficient nwimiy can be supported to improve our understanding
and better support decision making.

Quantitative estimates of change in the cover getation and litter, occurrence of invasive fl@tctural
changes in vegetation and evidence of altered psesecould arguably capture key responses to grazin
These parameters are sensitive to seasonal varatmbwould need to be measured at peak plant bema
(i.e. early summer). Although vegetation measuntegrate many of the impacts of grazing the faitore
also capture threatening processes produced bingrédz. soil compaction, nutrient enrichment) nliayit
our understanding of why systems respond diffeyantlyrazing. To address this, a targeted research
program is needed that specifically address keyileuige gaps.

4.1.2. Research to improve understanding of the outcomes of grazing decisions

To further our understanding of grazing impactswetiands and the effectiveness of grazing managemen
practices it is recommended that a research progeadeveloped. Four research approaches are
recommended and are detailed below.

The first approach is to build a grazing sensifidatabase for both native and invasive aquatiafldhe
database would be informed by observed sensitvitiespecies to grazing. Where this data is lacking
sensitivity could be inferred based on plant trditt are considered characteristic of sensitieeiss.

The second approach is to gather and evaluatergxdsdta sets on wetland condition, grazing history
wetland types and landscape setting to assessrd #re sufficient data to test the influence ebth
variables on wetland condition attributes. Datavetiand condition has been collected in two statkew
assessments as well as through market-based imsttiietland Tender programs. In total there haembe
approximately 1200 IWC assessments across the $tagedataset should be analysed to test for
relationships between grazing, vegetation condiiod response modifiers. The findings will identffy
greater confidence can be assigned to grazingipeatimpacts or the influence of response moditers
where research should be focused to improve camdele

The third approach is to conduct comprehensive taong in strategically selected wetlands to adslfesy
knowledge gaps. The broad areas requiring furésarch are:



o How effective are various grazing management prestin maintaining wetland condition?

o How do response modifiers influence the ecologicaitomes of grazing management?

o Does the application of grazing to manage weeddfivéis or habitat structure have the same
ecological outcomes as alternative approachesf{egslashing, herbicide application)?

The fourth approach is to undertake research tetehderstand current grazing practices in wetiand
perception of landowners of the risks and benefidifferent management practices and barrierhitmge.
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