Potential Effects of Willow
(Salix spp.) Removal on
Freshwater Ecosystem Dynamics

A Literature Review

Sylvia Zukowski and Ben Gawne

June 2006

Report prepared for the
North East Catchment Management Authority

>

NORTH EAST
CATCHMENT
MANAGEMENT

AUTHORITY



Potential Effects of Willow (Salix spp.) Removal on Freshwater
Ecosystem Dynamics. A Literature Review.

Sylvia Zukowski and Ben Gawne

June 2006

A report prepared for the North East Catchment Man@ent Authority

This report was produced by thurray-Darling Freshwater Research Centre

The Murray-Darling Freshwater Research Centre imi@t venture between the
Murray Darling Basin Commission and CSIRO Land aNdter, which aims to
answer locally relevant research questions to hglple water managers, and
ultimately improve the health of our rivers, lakesl wetlands.

For further information contact:

Sylvia Zukowski

Murray-Darling Freshwater Research Centre
PO Box 991

Wodonga VIC 3689

Ph (02) 6058 2312  Fax (02) 6059 7531

Email: Sylvia.Zukowski@csiro.au
This report may be cited as:

Zukowski, S. and Gawne, B. (2006). Potential Effeft8Villow (Salix spp.) Removal on Freshwater
Ecosystem Dynamics. A Literature Review. Report foe North East Catchment Management
Authority. Murray-Darling Freshwater Research Cen#odonga.

Cover photograph: Willow leaf (Sylvia Zukowski).

Acknowledgements: A big thanks to Veronica Lanigalick Whiterod, Bernard McCarthy and
Catherine Hall for reviewing the report and to Shaderedith and Sue Gehrig for their valuable advice
and input.

Disclaimer - The Murray-Darling Basin Commissiorda®SIRO Land and Water (Trustee and Centre
Agent) as joint venture partners in the Murray-DaylFreshwater Research Centre do not guarantee
that this publication is without error of any kingpr do they guarantee the information contained in
this report will be appropriate in all instancesl dnerefore to the extent permitted by law theyiuke

all liability to any person for any consequencesjuding but not limited to all loses, damages t€0s
expenses and any other compensation, arising i@cindirectly from using this report (in part or
whole), and any information contained in it.

This work is copyright. Graphical and textual infation in the report may be reproduced in whole or
in part provided that it is not sold or put to coemgial use and its source “Potential Effects oflowil
(Salix spp.) Removal on Freshwater Ecosystem Dynamicsacisnowledged. Such reproduction
includes fair dealing for the use of public edumatiprivate study, research criticism or review as
permitted under the Copyright Act 1968. Reproductior other purposes is prohibited without the
written permission of the Murray-Darling FreshwaRasearch Centre (MDFRC).



Potential Effects of Willow%alixspp.) Removal on Freshwater Ecosystem Dynamicsitekdture Review.

Table of Contents

1.

10.
11.

12.

13.
14.
15.
16.

NI RO 010 L@ 1 [ ] N 4
BACKGROUND ....ouiiii ettt s e et e e e e et e e s e e e et s e s aaaesseaneesansessaneesansanansaes 4
2.1 AUSTRALIAN HISTORY OFWILLOWS ..u.itniitiiiiiiie e iee e e e et e s esa s s e et es e sansaanenbnas 4
2.2 LISTING ASNATIONAL WEED ...uitniiiiitiiieii et e e e e et et esaa s s e et e st e s b s et e et e sasanseeans 9
2.3 VICTORIAN STATE POLICY ettt ittt et e e e ses et s s s e st s s s e e b e s b e eansabeabaas 10
P T O |V N = 1 [0 28T 10
AN OUTLINE OF THIS LITERATURE REVIEW ... 13
POTENTIAL EFFECTS OF WILLOW REMOVAL ON GEOMORPHOLOGY ... .......... 14
4.1 CHANNEL MORPHOLOGY ANDEROSION.......uuiiitiiiiiieiiiiee e te e e e eeeeeeeea e e eaa e e e e eans 14
4.1.1 POTENTIAL EFFECTS ORWILLOW REMOVAL ON CHANNEL MORPHOLOGY ANDEROSION. 15

] 11,1 =1 TR 17
L TR S =101 1 = 17
5.1.1POTENTIAL EFFECTS ORNILLOW REMOVAL ON SEDIMENT ..uuivttitniitniieneeieiieeieesnseeneesnesennes 17
WATER USAGE ... oot e e et e e e e e e e et e e mre e e et e e e en e s e enanss 18
POTENTIAL EFFECTS OF WILLOW REMOVAL ONW ATER QUALITY .........cce.. 20
4% R I T T 20
7.1.1 POTENTIAL EFFECTS ORWILLOW REMOVAL ON LIGHT t1uiiuiiiiiiiiiici et 20
A I =V 1= = ¥ WU = PP 21
7.2.1 POTENTIAL EFFECTS ORWILLOW REMOVAL ON TEMPERATURE .....cuuiiviiiiniiiniiieeaeennennnns 21
8 T LU 1 = 11 =1 N S 23
7.3.1 POTENTIAL EFFECTS ORNILLOW REMOVAL ON NUTRIENTS....cuutiiiiieeeieeeieereieeeeneeeenneeees 25
POTENTIAL EFFECTS OF WILLOW REMOVAL ON ECOLOGICAL PROCE SSES 26
T R O = TN N1 T3 11N =T U = T 26
8.1.1 POTENTIAL EFFECTS ORWILLOW REMOVAL ON ORGANIC INPUTS....ccuiiiiiiiieiiiiceeeeie e, 27
I B | = oTo 1Y [ =T 1]l [ N N 27
POTENTIAL EFFECTS OF WILLOW REMOVAL ON RIPARIAN VEGETA TION....29
0.1  RIPARIAN VEGETATION .. tuittiitttitettetteeitettessaesstesnsesnnsesaessatssneatn st rasstiestaesaessnsenns 9.2
9.1.1 POTENTIAL EFFECTS ORWILLOW REMOVAL ON RIPARIAN VEGETATION.....ucivniiiiineinneen, 30
POTENTIAL EFFECTS OF WILLOW REMOVAL ON AQUATIC FAUNA ... ............... 33
POTENTIAL EFFECTS OF WILLOW REMOVAL ON INVERTEBRATES.. ......ccooc..... 35
10.1 BACKGROUND STUDIES .....cituuiiitiieeeteteteeeatteeeaeestaeseeasaeseasessaeeetnerensseteerenaeeranaeres 5.3
O T o 1 = 37
10.3 LIGHT AND WATER TEMPERATURE .....uitttnieittieetieeeeteeeeteeeaneesanseesnnnsssanesssnseranseesnneeees 38
J0.4  ORGANIC INPUT euitiit ittt ettt et e e e e e s et e tb s et e eb e ea e sa s anee s sstnssenenenseen 39
O T O] N T I 0 1= [ N 42
POTENTIAL EFFECTS OF WILLOW REMOVAL ON FISH......cc... coiiiiiieieeeeeeis 43
I R = ¥ X (T =T 1] o LR 43
I o 1 = 17 43
I G T YT N 45
11.4 WATER TEMPERATURE. ....uittuiititttttietteetttttt et ettae st sesaseesaesteetsetesteestasstiesneesnsssnes 46.
I T O] N o I 0 1 [ N T 48
WILLOW REMOVAL — A SUMMARY OF POTENTIAL AFFECTS........  ceiiieeenees 49
WILLOW MANAGEMENT ..ottt e e e e et e e st e s et e s sema e e asan e ees 54
(G0 ]\l 7Y O 1 T 55
[ N (O ST 56

Zukowski, S. and Gawne, B. (2006) 2



Potential Effects of Willow%alixspp.) Removal on Freshwater Ecosystem Dynamicsitekdture Review.

List of Figures

FIGURE 1. DE-WILLOWED REACH (ROOT MATS LEFT IN TACT) IN AUTUMN 2005IN THE
OVENSRIVER AT SELZERSLANE NEAR OVENS, VICTORIA. . ..oooeeiiiiiiieaaiienenns 16
FIGURE 2. CUMULATIVE TOTAL WILLOW WATER USE, 3 AUG. 2005T0 5 MARCH 2006....... 19
FIGURE 3. POSSIBLE LONGTERM DIRECT(—) AND INDIRECT (- -) EFFECTS ON A BASIC
FRESHWATER TROPHIC CHAIN THROUGH AN INCREASE IN LIGHT AND
TEMPERATURE FOLIAGE / HABITAT REMOVAL AND A DECREASE IN ORGANIC
INPUT FOLLOWING THE REMOVAL OF WILLOW CANOPY AND TRUNK................. 34
FIGURE 4. POSSIBLE LONG TERM DIRECT(—) AND INDIRECT (- -) EFFECTS ON A BASIC
FRESHWATER TROPHIC CHAIN THROUGH HABITAT REMOVAL AND A DECRASE IN
ORGANIC INPUT FOLLOWING REMOVAL OF WILLOW ROOT MATS........ccccrrvrnren. 34
FIGURE 5. POTENTIAL EFFECTS OF WILLOW CANOPY REMOVAL ON AN AQUATT
INVERTEBRATE COMMUNITY. ..eiiiiitiitaeaiiineaesaiteeeeessnnseeaesammeeessssneeaessnnneaesanns 50
FIGURE 6. POTENTIAL EFFECTS OF WILLOW ROOT MAT REMOVAL ON AN AQUAIC
INVERTEBRATE COMMUNITY. 1.eiiiiitiiieeiiiiiieessiiree e s st aessmmeeessibnee e e s ninnaae s 51
FIGURE 7. POTENTIAL EFFECTS OF WILLOW CANOPY REMOVAL ON A FISH COMUNITY . ... 52
FIGURE 8. POTENTIAL EFFECTS OF WILLOW ROOT MAT REMOVAL ON A FISKKOMMUNITY . 53
List of Tables
TABLE 1. WILLOW CHARACTERISTICS AND THEIR ASSOCIATED POSSIBLE ENVIRQWENTAL
IMPACT S, .ttt et et e et e e s 8
TABLE 2. NITROGEN AND PHOSPHORUS CONCENTRATIONS IN WILLOW AND RER RED GUM
LEAF LITTER FROM THEMURRAY AND MURRUMBIDGEE RIVERS...............uunnn. 25
TABLE 3. VEGETATION SPECIES DIRECTLY THREATENED BY WILLOW INFESTANONS IN
TASMANIA, 2002. .. ..t eee et eeeee et ettt e et e e e e et e e e e e e e aaaaeee s 32
TABLE 4. POTENTAIL LONG TERM EFFECTS OF WILLOW REMOVAL ON AQUATC

PROCESSES. ...t e e 49

Zukowski, S. and Gawne, B. (2006) 3



Potential Effects of Willow%alixspp.) Removal on Freshwater Ecosystem Dynamicsitekdture Review.

1. INTRODUCTION

In March 2006, the Murray Darling Freshwater Resleaentre was commissioned
and funded by the North East Catchment Managemerthotity to develop a

literature review detailing the effects of willonemoval on freshwater aquatic
systems. Anecdotal evidence suggests an ovekase in ‘stream health’ in the
long term following willow removal. However, thadk of literature describing the
effects of willow removal coupled with large knowfge gaps and opposing views in
current literature specific to the effects of will® on Australian aquatic environments

makes accurate predictions difficult.

This literature review summarises previous literatan willow effects and attempts
to predict the potential short and long term e8eot willow removal on aquatic
ecosystems. It is part of a larger project thdt @evelop a protocol for monitoring
the effects of willow removal on stream ecologyheTproject will then apply the
monitoring design to several willow removal sitesascertain the effects of willow

removal on aquatic systems.

2. BACKGROUND

2.1 Australian History of Willows

Willows Salix spp. (Salicaceae) have now been naturalised ithManerica, South
Africa (Henderson 1991), New Zealand (Van Kraayeda&b al 1995) and Australia
(Glova and Sagar 1994; Lestet al. 1994a; Ladsoret al. 1997). They have
commonly been used for bank stabilisation, erosiontrol, boat navigation and as
ornaments (Perkins 1903; Rodd 1982). In Austrdha, cuttings from at least two
willow species were introduced to the River Murkgy19" century European settlers
e.g. (Schulze and Walker 1997), mainly to act anokl markers for river boats and
as stabilising agents protecting reclaimed ripassamplands (Perkins 1903; Ladson
et al. 1997). Since then, more trees have been plantsthbilize riverbank levees
and the margins of the weir pools constructed 12219937 (Walker and Thoms
1993). Today more than 100 species, varietiesivaus and hybrids of willows are

present in Australia (Cremer 1995) with subseqbgbtids still arising (Ladsost al.

Zukowski, S. and Gawne, B. (2006) 4
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1997). One of the first species planted, the weepvillow (S. babylinicg, now
rivals the native river red gum (MyrtaceaBucalyptus camaldulengisas the

dominant riparian tree along some reaches of tkerRilurray (Walkeret al. 1994).

The high invasion rate of willows in Australia &ssfrom the trees remarkable ability
to spread and the habitat created by river regulatiWillows grow best when they
are near water (Schulze and Walker 1997) and tmssfécilitated their invasion with
water acting as an ideal transport mechanism fandires and seeds. The brittle
branches of willows allow them to spread freely abdndantly as the branches break
easily and fall into the water, taking root dowesain. This is exacerbated when
branches are broken off to use as fishing line arscifAlbury/Wodonga Willow
Management Working Group 1998) or ungathered bresahe left on the banks or in

the stream following a de-willowing operation.

Willows also have the ability to reproduce in enous numbers by cross-pollinating
seed germination (half a million seedlings were orded at one site)
(Albury/Wodonga Willow Management Working Group 899 The ability to rapidly
colonise available habitats allows willows to ineadvatercourses, as well as
spreading along stream, wetland and river banR$ie tree roots which spread into
the bed of a watercourse, can potentially slow watevement, reduce aeration,
encourage sedimentation and alter the shape attbem bed, often making it broad
and shallow (Bunmet al 1993). The roots can also form thickets whickedi water
outside the main watercourse or channel, causiogdihg and erosion where the
creek banks are vulnerable (CRC for Australian W&tahagement 2003; Upper
Parramatta River Catchment 2003; Melbourne Watéb20

The ability of willows to grow in permanently wetweronments makes the altered
hydrological regime in our now regulated river smts$ ideal for their colonisation,
particularly as these sections may not be as deitidr native river red gums.
Various authors have described changes in abundamtecomposition of riparian
vegetation as a result of altered hydrologic regioféen consisting of declines in
native species and establishment of exotic spestieh as willows (Johnson 1990;
Carothers and Brown 1991; Stromberg and Patten ;18%bmberget al 1993;
Everitt 1995; Scotét al 1996; Merigliano 1997; Patten 1998).

Zukowski, S. and Gawne, B. (2006) 5
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Victoria has experienced a strong willow invasiomd avillows currently represent a
significant and potentially important componentudny stream corridor ecosystems.
The total river frontage in Victoria is 68,000 kaf,which 30,000 km is dominated by
willows (Ladsonet al. 1997). The River Murray in South Australia hasoabeen
subjected to this invasive species, with the wegpillow now dominating over one-
third of the 830 km river course from the Murrayflray junction to the Murray
mouth (Schulze and Walker 1997). The current éxéémvillow invasion in NSW is
unknown (S. Holland-Clift 2006, National Willows Sldorce coordinator, pers.
comm.). However the National Willows Taskforcecigrently conducting a survey

to quantify the levels of infestation across Austrancluding NSW (see section 2.3).

In contrast to river red gums which drop leavesryeand and have relatively slow
decomposition rates (Schulze and Walker 1997),owsl are deciduous, with soft,
fragile leaves that fall in late autumn (Schulze &alker 1997) and provide a large
flux (Gregoryet al. 1991; Wilson 2001) of rapidly decomposing orgamiatter to
aquatic systems (Baldgt al 1995; Schulze and Walker 1997; Chergtial. 1997;
Janssen and Walker 1999; Legssgerl 2003). Branches and bark from willows
also have a fast decomposition rate, whereas mategums have a propensity to drop
large limbs which decompose slowly, providing habfor aquatic animals (Schulze
and Walker 1997). This results in lower quantitiddarge woody debris in willow
lined stretches as compared to river red gum daeuhstretches of river. Also both
the bark and leaves of willows leach cyanidinspdelidins, leucoanthocyanidins and
phenolglycosides into aquatic environments whickiehshown to deter herbivores
(Binnset al, 1968; Rowell-Rahier, 1984).

The thick, overhanging canopy of willows crowdsivaplants and casts heavy shade
which decreases the amount of solar radiation regdhe stream channel (Lester

al. 1994a; 1996). This can affect stream temperatang primary production (Van
Kirk and Benjamin 2001) and can alter growing ctinds for native vegetation
understorey. In contrast, the sparse, open canbpiyer red gums favours a more
diverse understorey of littoral macrophytes ancetdrial plants, (Schulze and Walker
1997) so that willow-lined river-banks are markedifferent from places where the

native river red gum still prevails (Schulze andikéa1997).

Zukowski, S. and Gawne, B. (2006) 6
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Such differences between willow and native treeratteristics (Table 1), coupled
with the willows strong invasive qualities has tedvidespread concern regarding the
possible ecological effects of willows on Australiafreshwater ecosystems
(Frankenberg 1995; Ladsoet al. 1997; Schulze and Walker 1997). A widely
accepted view has emerged that fundamental strembogecal processes may be
affected by willow spread, causing a broad rangeetfimental impacts to freshwater
ecosystems (Campbell 1993; Frankenberg 1995; Ladsal. 1997; Bobbi 1999;
Smith and Star 1999). These, it is claimed, canrdaglily observed from field
observation (Frankenberg 1995) however to date, sawdies have demonstrated
specific impacts and a number of studies compabinta under native and willow
vegetation have been inconclusive (Pidgeon 1978teBe1992; Hardwiclet al. 1995;
Schulze and Walker 1997).

Zukowski, S. and Gawne, B. (2006) 7
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Table 1.Willow characteristics and their associated possanvironmental impacts.
(Adapted from the North East and Murray Willow Mgeanent Working Group 1998)

Characteristic

Possible Environmental Impacts of Wilows

Deciduous

Dense shade in spring and summer, followed by bhlatde and heavy leaf fall

autumn and winter, suppresses indigenous undeystord river fauna. Mos
leaves fall in autumn when natural stream flowshagh and water temperatur
low. This pattern is foreign to the Australiantpat to which local flora an
fauna is adapted. The massive leaf drop in autaamlead to high nutrien
pulses within the system and to reduced water tyuali

Dense shallow
mat-forming roots

Roots and foliage trap silt build up on the growudface and divert flows int
banks. Eventually watercourses may change cowrdtow around willows,
creating ‘braided’ streams with mid-stream islan&@seams with willows tend t
become wider and shallower. This leads to increfleeding, until the channel
have expanded. Roots generally suppress growthdajenous plants, leavin
bare ground beneath.

—~ 3

)

—

O

O O

Bare banks
beneath willows

Bare banks do not provide protection for frogs,exvaats, snakes and lizards
the stream bank margin.

Dense canopy

Dense shade created by exotic tree canopies canageclight availability an
river/stream temperatures (especially during spgsingmer). These
modifications may cause a decline in in-stream arimproduction: limited
regeneration of native flora and a decrease irollied oxygen concentrations.

1%

Lack of predators
or terrestrial
willow-eating
animals

Willows contribute little to the terrestrial foochain. Fewer insects results
fewer insectivorous birds. Few insects drop it Wwatercourse to provide fog
for fish etc. Lack of predators allows willows toog faster than indigenou
plants, and suppress indigenous understorey growth.

in

n

Monoculture-
forming. Ability

to dominate entire
sections of the
watercourses

Dominance of stream banks leads to marked redwciiomatural diversity o
flora and fauna and habitat/conservation valuethénwater and on the bank
Domination by willows severely alters the intrinddustralian ‘sense of place
created by the indigenous flora, and leads to leaquiss vastly different from pre

European Australian landscapes. Watercourses daetitgt willows may not be

as accessible as typically indigenous watercourses.

S.

D

Ability to spread

Willows can spread prolifically vegetatively (e.droken twigs rooting
downstream) and by seeding between different wglovs such, they are high
invasive and have the potential to dominate watesas. Such potential pos
severe environmental risks to other areas, inctudiitact ‘natural’ areas.

D <

Tendency to grow
into the centre of

streams and caust
erosion

Willows can grow in continually wet sediment anchbe encroach towards th
centre of watercourses. Such encroachment catecflesv diversions which
increases erosion potential, and can lead to cdengigeam blockages as t
trees trap silt and debris. This increases floadamgd can cause streams
change course.

e

ne

Tendency to
accumulate debrig

Willow debris deposited downstream can continuegtow causing further

problems. Additionally, long overhanging willowdsches or numerous trun
encourages the collection of debris, which increasteam blockages ar
redirects flows into banks where erosion may occur.

d

Few branches
shed, and few
hollows or snags
formed

Willows are poor habitat for hollow-dependent martsmand birds, and sna
dependent fish (many Australian fish depend on wodebris in the stream fg
habitat). Fallen branches that either rot quickéducing food resources for
stream invertebrates, or take root, spreading wilfurther.

= Q

Brief flowering
season

Willow flowers only provide nectar for introducedrey bees, for a brief perio
There are no records of use of flowers by nectatifeebirds.

[

Water use

herbaceous vegetation they replace, or have higtamspiration rates th
indigenous species.

Willows can dry out streams and swamps by usingemamter than th%7
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2.2 Listing as National Weed

In Australia, willows are generally seen as a sevioveed threat to stream and
wetland environments. The extensive spread ofowsl along Australian inland
streams and rivers has triggered widespread cormarnpossible ecological effects
to both riparian and stream zones. (Frankenbe®$;1Badsonet al. 1997; Schulze
and Walker 1997; Ladsoet al. 1999; DLWC 2001). Such concern has resulted in
willows attracting national attention. In 1999 hllit three willowSalix species were
included on the ‘Weeds of National Significance’ QNS) list which declares
Australia’s 20 worst weed species (ARMCANZ 2008s part of this declaration, a
National Strategy has been prepared to co-ordietitets in the management and
control of willows throughout Australia (Farrell @8). The Weeds of National
Significance (WillowSalix taxa, excluding S. babylonica, S. x calodemdnd S. x
reichardtii) Strategic Plarwas developed in 2000 with a vision to stop willows
destroying waterways and wetlands. The strategy @eveloped in collaboration
with government, catchment and conservation manageagencies, industry groups,
private consultants and community groups (Agriaelt& Resource Management
Council of Australia & New Zealand, Australian & WeZealand Environment &
Conservation Council and Forestry Ministers 2000he plan aims to deliver four

primary outcomes:

1. Stop the further spread of willows.

2 Manage existing areas of willows.

3. Gain community support in the management ofowit.
4 Prevent their importation.

The three species not included on the WONS list,wkeping willow Sbabylonica
and two hybrid species of pussy willow Scadodendrorand S. xeichardtii (Cremer
2002), should not be excluded from management ideces they can hybridise with

other willow species that would otherwise not progigeeds.

Zukowski, S. and Gawne, B. (2006) 9
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2.3 Victorian State Policy

In Victoria, willow removal and replacement progare now part of many river
restoration activities (DNRE 2002). The plantingesfotic species on riparian land
has also been strongly discouraged and actionsrioat or remove weed infestations
have been implemented within the context of rivestoration priorities (DNRE

2002).

In addition to the national listing of Willows oheg WONS list (see section 2.2), Salix
species, with the exception of &lba var. caerulea S. alba x matsudana S.
babylonica S. x calodendron S. caprea 'Pendula’, S.matsudana'Aurea’, S.
matsudandTortuosa' Smyrsinifoliaand S. xreichardtii, have also been proclaimed
as noxious weeds (*restricted weeds) in Victorialamthe Catchment and Land
Protection Act(1994). (*Please refer to th€@atchment and Land Protection Act
(1994) Sections 63, 67 and 69). Eleven taxa dbws are also currently undergoing
further assessment by Victorian Catchment Manageethorities to determine if
their current level of classification should beised. (Victorian review of noxious

weeds - phase 3a - A. Hodges 2006, DSE, pers. comm.

*(http://www.dms.dpc.vic.gov.au/Domino/Web Notes/L DR8bLawToday.nsf/al12{6f60fbd56800ca
256de500201e54/C14AAC42DB8B39C4CA2572170004874RPEHRU-52a040.pdf

2.3 CMA Paolicy

The National Willows Taskforce is currently condogta survey to quantify the
levels of willow invasion across Australia. Theojexct titled ‘Developing willow
management priorities from local to the nationalele will address high priority
actions in the Willows National Priority Action Freework by determining the
current distribution of naturalised willow taxa. hd@ project will produce risk
assessments and interactive maps of the currentpatehtial distribution of all
willow taxa present in Australia for State and oaél planning. It will develop a
national prioritisation matrix based on risk anddiility for coordinated control and
establish a process for monitoring change acrosstrélia (S. Holland-Clift 2006,

National Willows Taskforce coordinator, pers. comm.

Zukowski, S. and Gawne, B. (2006) 10
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Upon completion, the data from this project wilbpide a much needed framework
for the development of site specific willow managem strategies. Site specific,
because as this current report describes, willomwokal will have very different
ecological outcomes depending on a variety of fadtecluding;

whether it is a regulated/non regulated river sectir a wetland or stream,

the ecological character of the waterbody (i.e.ersbrate and fish

assemblages, primary productivity etc.) and

the physical conditions of the water body (i.e.sprece of other vegetation,

bank stability, water temperature, flows, depth sizée etc.).

Most Catchment Management Authorities (CMAs) hawdicees on general weed
control, however developing specific policies onllew management is a very
complicated task given all the parameters that mede: considered. The North East
CMA (NECMA) is one example of a CMA which does hasecurrent willow
management policy in place (the policy is curreriling reviewed). The policy
document for the NECMA has been produced to proydécy guidelines and
management directions for the management of willowsNorth East Victoria
(NECMA 2003). The policy uses a combined knowledfpublications and studies,
current best practise and local knowledge to detd thie control and prevention of

willow spread in waterways with a focus on risk mgement (NECMA 2003).

Further examples of CMAs that currently have sualiciges in place or are currently
in the process of developing policies include therthl Central CMA (J. Leevers
2006, NCCMA, pers. comm.), the Hawkesbury-NepeanACM. Reynolds 2006,
HNCMA, pers. comm.), the Goulburn Broken CMA (C.I8dn 2006, GBCMA, pers.
comm.) and the Glenelg Hopkins CMA (GHCMA), to namefew. The West
Gippsland CMA deals with willow management issuadar the state and regional
River Health Strategy (M. Gibson 2006, WGCMA, p&@mnm.). The Department of
Primary Industries in Victoria is in the processpobducing a management guide for
willows containing up to date information on thelbgy and management of willows
across Australia (J. Davies 2006, DPI Victoria,speomm.). The majority of CMAs
that do not have such policies in place contacadegents such as the Department of
Natural Resources or Land & Water Australia forlevi management advice or use

and respond to national and state policies sucthad\ational Willows Network

Zukowski, S. and Gawne, B. (2006) 11
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(NWN). The NWN has set up an emailing network tovpde a forum for sharing
information and advice about willows and their mgeraent. Currently 253 people
from across Australia are on the Network, with a@iatg of interests, experience and
expertise in willow management (S. Holland-ClIiftdB) National Willows Taskforce

coordinator, pers. comm.).

The high infestation rate of willows coupled with sdeady shift within river
management authorities from a ‘resource-engineeriagagement paradigm’ toward
a ‘watershed ecosystem (integrated catchment) jganadHealey 1998) has led to
much focused debate over best willow managemeritiwdcademic, management
and broader communities (Wilson 2001). Attemptsrémove willows from the
riverbanks has been met with strong community opipas but there is similar
opposition to leaving them unchecked (Kennetal 2003). Smith and Star (1999)
stated that from a southern NSW perspective théowidebate was “possibly the
most contentious issue in river management” winlsStasmania, community groups
have “made it clear” that willow management andtaaris the most important river
management issue (Bobbi 1999). In Victoria, it lbhaen reported that nearly all
Victorian river management authorities were engagedillow management works
(lopping, poisoning, or removal) and fewer than 2G0ows per year were being
planted (Ladsoret al. 1997) (see section 2.3). Despite this controvei®y, studies
actually detail the environmental effects of wilwand fewer studies describe the

effects of removing them.

The decision to remove or retain willows along rsv@and streams is often left to
water resource managers. They are placed in &uiffposition, especially as

currently there is inadequate information to thgldy evaluate benefits and costs of
willow removal at multiple scales (Wilson 2001).
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3. AN OUTLINE OF THIS LITERATURE REVIEW

Given the possible deleterious effects of willowsAustralian aquatic processes, it is
no wonder that wide scale willow removal project® &urrently underway in
Australia. However, the debate between variousggas to whether willows should
be left in place, removed or otherwise managed tandhe potential effects of
removing willows on aquatic systems has calleddather information to be gathered
on the effects of willows and willow removal on Awadian aquatic systems. This
literature review will summarise previous liter&uon the effects of willows on
aguatic systems and will attempt to predict theeptigl short and long term effects of
willow removal on the physical and biological compats of aguatic ecosystems.
The aquatic components that will be addressed dectthannel morphology, erosion,
water usage, water quality, sediment, organic mpdecomposition, and riparian
vegetation. Each of these sections will be dividetd a summary of previous
literature on willow effects, followed by a disciums on the potential impacts of
willow removal based on these effects. The poatmtifects of willows and willow
removal on two groups of aquatic fauna, invertedzand fish, will also be addressed.
As a change in most of the above listed aquaticpomants will have an affect on
invertebrate and fish communities, some of thesepoments will be addressed in the

invertebrate and fish sections also.
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4. POTENTIAL EFFECTS OF WILLOW REMOVAL ON
GEOMORPHOLOGY

4.1 Channel Morphology and Erosion

The geomorphic structure of an aquatic system ghlhiinfluenced by riparian
vegetation. Riparian trees provide enormous béatkilgy by increasing resistance to
erosion (Smith 1976; Schumm and Meyer 1979; BeasohDoyle 1995). Tree root
systems and large woody debris can also alter basrphology (Bunret al. 1993),
changing channel depth and width, flow and sedinzamditions. The ability of
willows to grow in continually wet soil conditiorupled with their dense root mats
can exert a strong influence on stream behavidure many fine, lateral roots and
dense thickets of stems can trap large amountsltofvisich can decrease channel
capacity, exacerbate flooding, change flood pastenmd prevent the formation of
undercut banks which provide a daytime restingitaalior a large array of fish
(Merrick and Schmida 1984; Koehn and O’Connor 1996jtoises and platypus
(Ladsonet al. 1997).

Willow roots can also grow into the stream chantr@lpping silt and layering new
roots over old roots, building up the streambed enmecting a broad shallow stream.
Willows encroaching into the centre of streams ica@rrupt water flow resulting in
stream flows being directed into watercourse barks$ causing erosion. In extreme
cases, willows can create complete blockages, maube stream to change course.
This problem is most apparent during floods wheloriddas trapped in willow foliage,
effectively creating solid obstacles that watewBoaround (Ladsoret al. 1997;
Albury/Wodonga Willow Management Working Group 2001

The ability of willows to consolidate river and eim banks can have long-term
effects on channel geomorphology (Bugtnal. 1993). In the Snowy Mountains, the
channel shape of the Snowy River has changed amasily since regulation. Where
sediment has been scoured away and depositedstteam, willows have moved
in and colonised these new deposits. Oncabkstted in these new deposits the
sediment has become stabilised, causing chantmbtraction through the
encroachment of in-stream vegetation (Erskinal 1999).
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4.1.1 Potential Effects of Willow Removal on Chanherphology and Erosion

The short and long term effects of removing willofin@m stream banks and beds on
channel morphology and erosion are very difficaltpredict and will vary between
areas depending on stream flow, size, depth, sedjn@imate, geology, and
topography (Gregonet al. 1991). Where there is no risk of erosion occugyrin
removal of whole willows from the centre of wateucges may have the most
immediate positive impacts, preventing further utisance in stream geomorphology
and restoring the natural watercourse. Howeverréimeoval of in-stream willows
growing at a point in the river where there is argie in gradient may need special
management consideration. These willows act as aigrt control, and are
characterised by a pool of water upstream andrfaséer immediately downstream
(Department of Primary Industries and Water 200B)tal removal of these willows
may initiate erosion of the streambed, and theegfibmay be more advisable to leave
their root mats in place (Department of Primaryusities and Water 2006).

Removal of whole willows along banks may preventtifer changes in stream
morphology, however, erosion and associated chamelecological changes would
need to be considered. Large scale willow remogalimpact on the ecology of the
river with a high possibility of silt release andilglestabilisation occurring following

removal (Department of Primary Industries and Wa@06). This has the potential
to choke the river, increase turbidity and blardgiatic habitat with silt (Department
of Primary Industries and Water 2006). Perhapsrémeoval of small sections of
willows along streams and rivers at any one timeg/ ip@ a more environmentally
‘safe’ option as the greater the amount of willoesoved from a given river section
the greater the chance for such problems, and dngehit may be to manage any

consequent problems (Department of Primary Indestind Water 2006).

Where willow root mats were left in place followirgnopy removal no immediate
effects were observed on the structure of banksdgd riffle (Figure 1) (Gawnet
al. 2005). Long term effects may differ as the willomot masses decompose,
especially if bank stabilising vegetation does regilace willows. In Ginninderra
Creek, Canberra, willow stumps had undergone cerside deterioration from

erosion processes six years following willow removaue to drought conditions,
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native vegetation could not be planted to secuee ldnk (R. McConville 2006,
Ginninderra Catchment Group, pers. comm.), leatlingotential erosion problems.
The possibilities of such problems arising and eghent solutions should be

incorporated into a long term management plan fdbow removal.

Figure 1. De-willowed reach (root mats left in tact) in autwi2005 in the Ovens River
at Selzers Lane near Ovens, Victoria. Photo H. &ign
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5. SEDIMENT

5.1 Sediment

Stream and river banks provide a vital habitat pradective shelter for many aquatic
animals. The type of sediment found within thesaks is very important in
determining invertebrate communities. Fine sediméas been linked with
invertebrate feeding interference (Ryder 1989) dedreases in invertebrate density
(Minshall 1984). This is generally a result of tfiee sediment blocking the
interstitial spaces between stones (Lesteal. 1994a), and preventing aquatic insects
from accessing the hyporheos (Pugsley and Hyne8)19&tudies have shown a
positive correlation between dense riparian vegetand fine sediment (Li and Shen
1973; Hawkinset al. 1982) and Lesteet al (1996) found an accumulation of fine

sediments in dense riparian willow sites in NewlZed.

Dense willow root mats can reduce water velocitgdleg to stabilization of the

stream bed, increased sedimentation and a smakeage substratum size (Young
1980; Lesteret al 1996). Lesteet al. (1994a) found that willow roots in densely
lined willow sections can wrap around rocks andupgcinterstitial spaces, locking in

sediment so that the entire width of a stream besamghly silted.

5.1.1 Potential Effects of Willow Removal on Sedime

The removal of whole willows in these areas mayl leaan increase in substratum
size in the long term with most significant resydtebably arising in areas where all
willows and root masses have been cleared. Tleetefbf root removal disturbance
on the aquatic ecosystem is currently unknown, eweshort term effects on food
webs and bank stability would need to be considerBémoving willow canopies,
poisoning the tree stump and allowing the root mag® decompose slowly is a
frequently used alternative option, but again tffecés of the poison, the rotting
material, especially in densely lined rivers aneats, small streams, wetlands or

lotic systems have not been investigated.
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6. WATER USAGE

Water uptake by riparian trees is highly variabie depends on the tree species, tree
dimension, local moisture conditions and climatar{ibs and Muller 2002). Studies
conducted on the San Pedro River in southeastemoa, US, found that willows
(Salix gooddingii only used groundwater for transpiration and diod atilise water
from rainfall events from the upper soil layersy8er and Williams 2000). River red
gums on the other hand have been shown to utiliselection of different water
sources including rainfall-derived shallow soil emtstream water and groundwater
(Thorburn and Walker 1994; Jolly and Walker 199&n30on and Pate 1996).

In Australia, direct comparisons on water usageveeh willows and river red gums
along rivers and streams have, until now, not beedertaken. However, many
arguments have been based on removing ripariaowsgldue to their potential ‘*high
water usage’ compared to river red gums. A stumlydocted between August 2005
and March 2006 in central NSW demonstrated thdowd located in waterways used
3-4 MLyeai'ha® more water than river red gums located on streanks (Figure 2)
(Benyon and Doody 2006). The study also showed Wzder quantities used by
willows and river red gums did not differ when caampg willows and river red gums
on stream banks (Figure 2) (Benyon and Doody 200@)e potential for willows to

utilise more water is only likely to manifest whemlows invade water-courses.
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Figure 2. Cumulative total willow water use, 3 Aug. 200%6tdlarch 2006.
(Source: Benyon and Doody 2006)
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7. POTENTIAL EFFECTS OF WILLOW REMOVAL ON WATER
QUALITY

7.1 Light

Light is a vital factor controlling stream ecosyste(Vannoteet al. 1980; Rutherford
et al. 1997). Riparian vegetation plays an importang iial regulating light intensity
(Hill 1996; Bunnet al 1999) and spectral qualities (Van Kraayenoetrdl. 1995).
Riparian vegetation intercepts light in the visaall of the spectrum (i.e. ultraviolet
(UV) radiation) and the removal of riparian canoggn increase the exposure of
aquatic organisms to UVB light (280-320 nm) whiasHeen shown to be harmful to
the eggs, embryos and larvae of some fish (Guadr@driguez and Williamson
1999), attached algae and invertebrates (Bothatell, 1993).

Mature willows produce dense canopies, thahiaantly reduce the availability
of incident illumination to banks and waterczes (Lesteet al. 1994a; Gehrig and
Ganf 2003). Lesteet al (1994a) found a reduction in incident photosytitadly
active radiation (PAR) of 80% in summer and of edst 50% in winter in New
Zealand willow-lined streams. This reduction igngficant in the Australian context
because river red gums have a year-round lightctemuof approximately 50% (S.
Gehrig 2006, Adelaide University, pers. comm.).

7.1.1 Potential Effects of Willow Removal on Light

Increased light resulting from de-willowing opecats could have long term impacts
on various biological aspects within the river syst In the Ovens River, NSW,
photosynthetic irradiance was found to be more thdimes greater in recently de-
willowed sites than in the reference reach (Gaemnal 2005). Possible changes in a
system could include increases in germination béistanent, growth and survival of
native vegetation, increases in water temperatueases in periphyton biomass
(primary production) and changes in periphyton cositpon (Van Kraayenoordt al.
1995).
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Periphyton is a complex matrix of algae and hetepdtic microbes attached to
submerged substrata in almost all aquatic ecosgséem serves as an important food
source for invertebrates. The ability of ripariaegetation to significantly reduce
primary production in streams through shading wias locumented by Allen (1951)
and this has been confirmed elsewhere (Keithanlamwee 1985; Hill and Harvey
1990; Quinnet al. 1997). Thus the removal of shade following a déswing
operation could directly increase primary produtti@and indirectly increase
secondary productivity and invertebrate densitied affect shifts in the number of
taxa from particular functional feeding groups (Kia et al. 1989). This in turn
could indirectly lead to further changes in thetng structure such as in fish and bird
communities with the magnitude of effect likelylde greatest in small streams where
riparian vegetation has the greatest impact (Lathbed Steinman 1997, Rutherfurd
et al.1997)

7.2 Temperature

Water temperature plays a large role in streamystes structure and function. It
can affect development and growth of aquatic irssg@&utler 1984), growth,
reproduction and disease resistance in adult fishhatching and development of fish
larvae (Pusey and Arthington, 2003). Elevated wamperatures also increase the
metabolic rate of stream dwellers, thereby decngasidissolved oxygen
concentrations (Quinn and McFarlane 1989) and itnpgcadversely on stream
assemblages (Rutherfoed al. 1997). Several invertebrate species have lowrther
tolerances and their reported absence from unshaakgdre streams in New Zealand
may be the result of high water temperatures (Qaimh Hickey 1990; Quinet al.
1994).

7.2.1 Potential Effects of Willow Removal on Terapee

As with all riparian vegetation, willow canopiesapla significant role in controlling

the transfer of thermal energy to aquatic systengsia determining temperatures in
non-flowing systems (Van Kraayenooed al. 1995). A reduction in riparian cover
can result in greater mean summer water tempegsafuyechet al 1984; Quinret al.

1992; Pearson and Penridge 1992), lower winter wiat@peratures (Lynclet al.
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1984; Amouret al 1994) and an increase in the degree and ratbasfge of daily
fluctuations of water temperature (Lyneh al. 1984; Quinnet al. 1992). In-stream
temperature changes may also extend to downstréaine avillow removal site into
reaches with intact riparian zones and therefofechfdownstream habitat quality
(Van Kraayenoordet al. 1995). One study found that temperatures in @asir
disrupted by riparian removal only returned to nalraifter passing through 300 m of

intact forest (Storey and Cowley 1997).

These effects would be most evident in lotic systamd in small and shallow streams
(Hopkins 1971; Graynoth 1979; Quirmt al. 1994; Rutherforcet al. 1997; Quinnet
al. 1997; Rutherfordet al. 2004). Shallow streams are particularly sensitive
modifications in shade because, for a given surfed flux, the rate of temperature
variation is inversely proportional to depth (Rufbed et al.2004). A shallow stream
would therefore have significantly higher daily rmaym and lower daily minimum
water temperatures than a deep stream with the saeaa velocity (Comer and
Grenney 1977) and these temperatures would be eddalster (i.e. heat quicker in

the morning and cool faster in the evening) (Rutrdret al.2004).

In larger or fast flowing systems, short term ingacf willow removal on water
temperature may be expected to be minor. Gaatreg (2005) found no immediate
difference in water temperatures between de-wiltbwsites and reference sites in non
summer months, despite a significant loss of sladee de-willowed reaches. In the
long-term, increases to light penetration followimgjow removal may increase water
temperature over summer months. In Portug¥lt® 5" order streams lined with
deciduous trees recorded consistently lower stréamperatures in summer than
eucalypts due to their dense canopy covers (Bagloahd Graca 2002). Rutherford
et al (1997) found that for" and & order streams in New Zealand, 50% shade may
maintain daily water temperatures below’@5whereas 70% shade may maintain
temperatures below 20. Rutherforcet al (2004) found maximum daily temperature
changes of + 4°C immediately downstream (600 ton960f areas with 40 to 70%
changes in riparian shading, in small slow flowserond order streams in Western
Australia and south-eastern Queensland. Temperahanges of this magnitude can

have a significant effect on aquatic ecosystems.
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Increased temperatures can lead to decreased wéidsokygen levels, affecting
different life stages of invertebrate (Nebeker 1)9&&d fish species (Llewellyn 1973;
Pearson and Penridge 1992). The interaction dfignigtream temperatures and
increased illumination may increase the growthgatkein-stream primary producers
which may in turn lead to an increase in the praiglitg of primary producers (e.g.
water snails and insect larvae) that are relian@ototrophic organisms as a food
source (Bunret al. 1999). It should also be noted that some inveatelsrand fish
have low upper thermal tolerances so the immedmgect of large scale willow
removal or the complete removal of willows in omeaaon thermal regimens should
be recognised. Especially if removal is done ower summer months when it has
been shown that thermal regimes of large waterdsodi streams under higher flows

may be influenced by willows.

7.3 Nutrients

Total nitrogen (TN) and total phosphorus (TR\els present in an aquatic
system can indicate how nutrient polluted (eutreghior vulnerable the system is to
nuisance plant growth (ANZECC and ARMCANZ 2000)evkls of TN that range

between 100-1000gL™ and TP between 10-100gL™ are within the range

recommended for Australian watercourses (e.g. nemdiSE-Australian rivers and

streams) to retain healthy aquatic systems (ANZBEGECARMCANZ 2000).

Nutrient inputs from willow leaf litter are veryftkrent than that from river red gums
due to differences in the timing and amount of |d&#er fall and leaf litter
composition. The whole willow canopy senescesate IAutumn, providing a large
amount of litter fall to the river system as congghto river red gums which have a
peak litter fall in late summer but continue tcaieta large proportion of their canopy
(Gawneet al 2005). The large influx of organic matter intguatic systems from
willows can have significant influences upon nuitiluxes in riverine/stream
environments (Cowen and Lee 1973; Rogteal 1999).

Upon entering the stream, willow leaves rapidlycleasimple organic compounds
such as reducing sugars, amino acids and pherwhpaunds (lversen 1974; Gessner
and Schwoerbel 1989). As much as 25% of the remp§0% of the phosphorus and
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85% of the potassium in the leaf is rapidly relelagethe water column (Taylor and
Barlocher 1996). In the Murray and Murrumbidgeeers, NSW, both fresh and
weathered willow leavedébylonica hybredhad higher N and P contents than fresh
and weathered river red gum leaves (Esslenaintl in prep) (Table 2). N
concentrations were also higher in streams lingl imtroduced deciduous trees such
as oaks Quercussp), alder Alnussp.) and chestnut€éstaneasp.) (8.06 gNmyr™)
than in eucalypt lined streams (2.63 gRim?) (Pozoet al 1997). Willow leavesS.
viminalis) were reported to have relatively higher N concitns (e.g. up to 1.8%
litter dry mass [DM]) (Haapalat al. 2001) when compared with grey aldédr{us
sp.) leaves that have N-fixing symbionts (2-3% DMaapalaet al.2001), and had
higher initial N and P concentrations thRopulusand Platanusspecies (Casas and
Gessner 1999). Lestet al (1994b) found that willow leaves submerged irraan
for 56 days possessed approximately three timesugti N and carbohydrate, twice
as much protein, and similar amounts of chlorophydls periphyton. This suggests
that while willow leaf litter is decomposing, it macontribute to elevated nutrient

levels in streams.

Willow leaves have a rapid decomposition rate nyaidie to physical abrasion
(Schulze and Walker 1997). This can increase enitfeaching rates within a system
with studies showing that as much as three timesathount of soluble nutrients (630

gg') can be leached from physically abraded leavespeoed to intact leaves

(Cowen and Lee 1973) and this volume can be furthereased during flooding
events (Glazebrook and Robertson 1999).

Increased nutrient input into streams and rivers alao result from the removal of
riparian vegetation zones (Schoonoetral. 2005). These zones act as buffers to
diffuse and decrease the velocity of surface wateoff and promote infiltration,
sediment deposition, and nutrient retention as ag&lleduce nutrients in groundwater
(Lowranceet al. 1997, Dosskey 2001). Kaypress Creek, a 2nd order tributary of the
Cache River in southern lllinoisiparian buffer zones significantly reduced incogi
nutrient masses (nitrate, ammonium, and phosphate) surface water runoff
(Schoonoveet al 2005).
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High nutrient and light conditions favour the demhent of filamentous algae which
invertebrate consumers do not readily consume ¢Bras al. 1999; Bunnet al
1999). The increase of nutrients, namely N anchdP fdamentous algae can lead to
eutrophication, which has been shown to impact thegjg on invertebrate shredder
taxa (Metcalfe-Smith 1994; Merritt and Cummins 1Pp9&nd fish diversity
(Sleehausemt al. 1997). Eutrophication can also lead to the dgwekent of toxic
algal blooms which reduce water quality and de@ehssolved oxygen levels (Codd
1995) leading to anoxic conditions that can leadsti@ss and potential death in
aquatic biota (Oliver and Ganf 2000).

Table 2.Nitrogen and phosphorus concentrations in willowl @mer red gum leaf litter from
theMurray and Murrumbidgee rivers. Data are meastandard deviation.
(Source: Esslemort al. in prep)

Tree Leaf Condition N (M.Kg™) P

Willow Fresh 0.95+0.16 0.061+0.018
Willow Weathered 0.82+0.12 0.052+0.011
River Red Gum Fresh 0.8+0. 0.03+0.01
River Red Gum Weathered 0.56+0.07 0.028+0.009

7.3.1 Potential Effects of Willow Removal on Nutise

The removal of willow leaf litter input into streanmay reduce high nutrient pulses
and overall nutrient levels in streams in the laagn, especially in small streams,
lotic systems, wetlands or in weir pool environnsenthis may decrease the potential
for eutrophication and toxic algal blooms to ocamd has the potential to lead to
increased water quality. However, the removaluohsa large input of nutrients from
aguatic systems could also affect the food sourdevertebrate and fish populations.
Until alternative vegetation is established, theaeal of willows will also remove
the riparian buffer, leading to an increase in dnsount of nutrients, chemicals and
sediment entering the stream, and possibly to auctemh in water quality
(Schoonoveet al. 2005). In large rivers and fast flowing enviromteit is very hard
to predict the effects of willow removal on nutridavels as leaves would be carried

downstream and distributed throughout the system.
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8. POTENTIAL EFFECTS OF WILLOW REMOVAL ON
ECOLOGICAL PROCESSES

8.1 Organic Inputs

Organic inputs into streams from riparian vegetajwovide a strong influence on
aguatic community structure and ecosystem proce¥sesoteet al. 1980; Wallace
et al. 1997; Casas and Gessner 1999). They provideairidnergy sources for
aquatic food webs (Boulton and Boon 1991; Greggirgl. 1991; Allan 1996) and so
underpin the energetics of the stream ecosystenbgWieet al. 1997; Wallaceet al.
1997; Benfield 1997). For example, Fisher & Lik€h873) reported that nearly 99%
of the energy in Bear Brook, New Hampshire, wasveerfrom riparian vegetation.
Generally the greatest proportion of leattitentering freshwater systems comes
through the direct vertical input of leav@s. leaf drop through leaf abscission
or senescence) and to some extent througgralainputs (leaf drop through
wind, run-off etc.) (Pozoet al. 1997; Sabateret al. 2001). The quantity and
composition of organic inputs is influenced by thge, species and health of the

riparian vegetation (Bunet al. 1993).

The dense leaf mass of riparian willows supply éagmounts of allochthonous
organic matter into streams (Gregatyal. 1991). The deciduous nature of willows
means that peak litter inputs occur in late aut@iarphy and Giller 2000; Gawnet
al. 2002), and smaller pulses of litter inputs mayundéo summer during times of low
flow as a result of leaf abscission induced by wateess (Sabatest al. 2001).
Calculations undertaken by Latta (1974) ascertaitied 25.5 kg (dry weight) of
leaves would be shed in autumn by a willow tredwidiameter of 0.5 m. Therefore,
in a given river section with willows spaced at mOintervals on both banks, over
5000 kgkm® would be deposited into the river and onto thekbahatta 1974). An
examination of litter inputs on the Murray River Albury revealed that willows,
comprising 20% of riparian veg, contributed 18§.yit compared to river red gums
(80% of riparian veg) that dropped 50 &gi*, with willows dropping their litter in
autumn (Gawnet al. 2002). It was estimated that willows drop 3.5dmthe litter of

a river red gum.
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8.1.1 Potential Effects of Willow Removal on Organputs

The removal of willows from a stream, river or veettl would also be removing the
large annual input of organic materials into thegstems. In the long term, the
removal of this organic input may alter procesgsiatgs by resident stream microbes
and invertebrates (Peterseh al 1989; Wallaceet al 1995; Angradi 1996; Allan
1996), affect stream energetics and be reflectédercomposition of the stream biota
(Campbell 1993; Schulze and Walker 1997). In reachhere willows are cleared
and there is bare bank, gross organic matter aocessid in-stream community
metabolism and consequently macroinvertebrate cantias would be expected to
be very different than in reaches with riparianetagjon (Wilson 2001).

8.2 Decomposition

Decomposition of plant litter is a fundamental gdsm process in a wide range of
aguatic systems, including rivers, streams, andrdit zones of lakes (Hieber and
Gessner 2002). Leaf litter decomposition rates magulated by temperature
(Suberkroppet al. 1975; Peteet al. 1987; Legssyeet al.2003), nutrient availability,
oxygen availability, current velocity, hyphomycetdiversity, the number of
invertebrates present and litter chemistry (Chemuil Pattee 1991; Baldgt al.
1995). The process of leaf litter breakdown inelitboth physical aspects including
abrasion and leaching and biological aspects imefudmineralization and
modification. These processes lead to the formatib CQ, and other inorganic
compounds, dissolved and fine-particulate organiatten (DOM and FPOM,
respectively) and decomposer biomass (Webster aswfiddd 1986; Suberkropp
1998; Gessneet al 1999). The biological process of leaf litter dexposition in an
aguatic environment is governed by three main tgpeorganisms; detritivorous
macroinvertebrates or shredders (Chergui and Pa®88; Wallace and Webster
1996), bacteria and fungi (Barlocher 1992; Baddiyal. 1995; Suberkropp 1998).

Fungi are the initial colonizers in the leaf lit@ecomposition process with bacteria
following to possibly complement rather than replétoe fungi when the leaf material
has become patrtially broken down (Suberkropp andyKI976; Baldyet al. 1995).
Baldy et al (1995) found that fungi assimilated 16% of thiiah willow leaf mass

Zukowski, S. and Gawne, B. (2006) 27



Potential Effects of Willow%alixspp.) Removal on Freshwater Ecosystem Dynamicsitekdture Review.

(as carbon) into either G@r fungal biomass (mycelial or conidial carborteafour
weeks of leaf submersion in the Garonne River,lsadstern France.

Leaf litter decomposition rates are strongly infloed by litter chemistry with the
initial lignin content of leaves having strong pitive power for decomposition rates
in both small streams and large rivers (GessneiGiradivet 1994; Baldgt al. 1995).
This was illustrated by Baldgt al (1995) with willow leaves having the lowest ialti
lignum concentrations (20% of dry mass) as comp#rdtbpulusandPlatanusspp.
(23% and 30%, respectively), and the fastest deositipn rates. Pidgeon and
Cairns (1981) found theb. babylonicdeaves had practically disappeared 4 weeks
after entering the stream and they supported lawenbers of invertebrates than
native Eucalyptus blakelyieaves after the 4 week period. Schulze and W#l&97)
found that willow leaves (half life 14-26 days) hadaster decomposition rate than
river red gum leaves (half life 27-50 days). Whas Sunnyside Swamp in Murray
Bridge, SA, Janssen and Walker (1990) found willeaf litter had lost 65% of its
initial weight after 10 weeks, with the most ragldcomposition occurring in the
initial four weeks of leaf litter submergence. domparison eucalypts had lost only
50% after 10 weeks (Janssen and Walker 1999). ¥hggested that willow leaf
litter decomposition occurred predominantly throdghching and abrasion, which
accounting for 45% of loss, whilst 25% of the legas due to invertebrate feeding

and other unidentified factors (Janssen and WdlRep).

The faster processing rates of willow leaves weerrired gum leaves in the River
Murray (Schulze and Walker 1997) may result in ovillleaves supplying a pulsed
input to the aquatic ecosystem with a low staliisimpact, whilst river red gum
leaves, which provide an on-going, low-level nuttienput to the stream that may
assist the resistance of the ecosystem to distoeb&Bchulze and Walker 1997).
River red gum leaves are able to provide habitagftensive biofilm growth, they are
able to support higher diatom abundances than willaves, which may enhance
invertebrate feeding preference; and they are #blsupport a higher density of
micro-organisms for longer as willow leaves areletkmised after approximately 8

weeks of submersion (Schulze and Walker 1997).
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9. POTENTIAL EFFECTS OF WILLOW REMOVAL ON RIPARIAN
VEGETATION

9.1 Riparian Vegetation

Riparian willows that grow at the boundary betwetmrestrial and aquatic
ecosystems play a large role in regulating thestrassion of solar energy into
streams and rivers. The prolific spread of willowibits the regeneration of
indigenous plants. Willows can compete for wateririents and light with native
plants (McLeodet al 2001). They are renowned for their dense camvapgh can
decrease light access to streams by 80%. Therghadd crowding effect caused by
mature riparian willows can suppress the regermratif local plants by natural
seeding, reduce growth of existing indigenous ustdeey plants and prevent the
growth and proliferation of aquatic macrophytesr(fzdd and Hoyer 1988; Gregory
et al. 1991). Previous studies have suggested thatwvidlvade prevents recruitment
of all but a few shade tolerant species (Frankenth®85; Askey-Doraret al 1999)
and Patridge (1993) reported that willow speciegehhie capacity to out shade pre-
existing native vegetation by ‘overtopping’. Steslihave shown that in plots where
complete willow removal has been undertaken, hextas biomass has almost tripled
(750 gn?) in contrast to control plots (260 & probably in response to increases in
light (Duloheryet al. 2000).

The willow's ability to displace indigenous plantss earned it the status as an
‘environmental weed’. Environmental weeds can devareas of native vegetation
due to their highly competitive qualities and haéendency to out-compete native
plants and replace them over time (Albury/WodongdloWw Management Working
Group 2001). A recent synopsis on the State’sibaudity listed willows as a serious
threat to riparian ecosystems in over half of thete3s bioregions (Gouldthorpe and
Gilfedder 2002). For example, in Tasmania overpkint species were directly
threatened by willow infestations in 2002 (Table 2)
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9.1.1 Potential Effects of Willow Removal on RiparVegetation

The removal of willows could have both short aneagoterm benefits for the
establishment and conservation of native terrésémal aquatic vegetation if the
cleared area is managed in an appropriate mamauding weed and stock control.
The removal of the dense canopy shading and crawveifiect would provide

opportunities for native vegetation to proliferate.

However, the removal of willows could also have iethate negative impacts on
vegetation communities. The removal of existindlomis can increase herbivore
access to seedlings, expose understorey plantsnantbphytes to higher light and
temperature levels and lower humidity levels (Maollesd al. 2001). These changes
could lead to a decrease in evapotranspiratiort@gdeater evaporation loss from the
surface soil and ground vegetation (McLeetdal. 2001). An overall decrease in
evapotranspiration would result in the water tabking closer to the surface
(Duloheryet al.2000).

The removal of willow canopies also has the pog&trd facilitate the spread of
terrestrial and aquatic introduced weeds (Sattl@®31l Tait 1994; Pusey and
Arthington 2003). The proliferation of such weeads lead to a range of changes in
habitat structure (Arthingtoet al 1983), water quality and food-web composition
(Van Kraayenoorcet al. 1995; Bunnet al 1997; 1998). An increase in in-stream
exotic vegetation can alter aquatic habitat by ginagp sediment and channalising
flows, ultimately leading to channel contractionu(® et al. 1998). In northern
Australia, introduced grasses such as the paras gté®wchloa muticd pose a
significant threat to the maintenance of aquatediversity through a range of direct

and indirect effects on aquatic environments aed thiota (Clarkson 1995).

Following willow removal, control of competition tveeen native and exotic
vegetation is usually attempted through a variétiechniques depending on the type
of vegetation. Site preparation methods genegilyeavour to create a good bed for
planting seed or seedlings and suppressing thenfmdtecompeting vegetation
(Clewell and Lea 1989). Hardwood species usualfuire frequent control of the

vegetation during the first few years (Matthews 998 In particular, seedlings
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planted in areas recently cleared of willows widvke competition from abundant
herbaceous vegetation, which is usually contrdtipdherbicides or mowing (McLeod
et al.2001). Establishment of riparian tree plantatisitiout weed control usually is

not successful, especially if the site is alsalfeed (Hanseret al. 1993).

The recoverability of a particular site is relateml the condition of the native
vegetation present at the site and upstream ofvhiich provides a source of
propagules for natural regeneration. The geomorpbndition of the river reach is
also a key to recovery. Once willows and stockehbgen excluded, riparian native
vegetation will often regenerate naturally (TasmaniConservation Trust). The
Tasmanian Conservation Trust suggests that natgeheration could be a preferred
approach over revegetation because it is more ascag has a higher success rate
and achieves greater environmental outcomes, st ileahe short to medium term.
Of course, the decision to revegetate or to alletural revegetation to occur would

need to be managed on a case by case basis.

Removal of willows can assist in the establishmennative riparian and aquatic
vegetation but at the same time can also increaseimmediate risk of weed
proliferation and of competition between native amtoduced species. In the long
term, with proper management, the re-establishnoémative riparian vegetation
should advance the rehabilitation of river enviremts and provide key functions to
aquatic biota (Read 1999). Selective removal otiexegetation while restoration is
taking place may also ensure a higher successtivenaegetation establishment in

the long term.
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Table 3.Vegetation species directly threatened by willofedtation in Tasmania, 2002.

Threatened species

Apsley heathEpacris apsleyensi®

Clasping leaf-heatfEpacris acuminate)

Clubmoss bush-pg®ultenaea selaginoides)

Common hemp bus{Gynatrix pulchella)

Cranbrook paperbarfvelaleuca pustulata)

Curly sedgéCarex tasmanica)

Davies' wax flowe(Phebalium daviesiig

Drooping sedgéCarex longebrachiatai

Fennel pondwee(Potamogeton pectinatus

Hairy anchor plantDiscaria pubescen®

Hovea tasmanica

Midlands WattlgAcacia axillaris)v

Mountain sedg¢Carex gunnianaj

Narrow leaf Pomaderri®omaderris
phylicifolia) r

Native wintercres¢Barbarea australise

Plain quillwort(lsoetes drummondiy

River buttercugRanunculus amphitricus)

Rosemary Berty@Bertya rosmarinifoliay

Sallow wattle(Acacia mucronataar.dependens)

Sea clubruskBolboschoenus caldwellir)

Small mudmatGlossostigma elatinoides)

Small-leaf Spyridiun{Spyridium lawrenceiy

South Esk heattEpacris exsertag

South Esk pingCallitris oblonga)v

Water woodruff(Asperula subsimplex)

Status refers to threatened species (as listeHeomdsmaniaihreatened Species Protection Act 1995

or the CommonwealttEnvironment Protection and Biodiversity Conservati@ot 1999 where

e=endangered; v=vulnerable, r=rare and * denotesplecies is yet to be classified. Source: DPIWE
Tas Weed Management Strategy — Gorse, Tas Weed Maragestrategy, willows, Tas Weed
Management Strategy, blackberry, Tas Weed ManagerStategy, Bridal creeper, Tas Weed

Management Strategy, serrated tussock, Tas Weedgdamemt Strategy, Boneseed — All in press
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10. POTENTIAL EFFECTS OF WILLOW REMOVAL ON AQUATIC
FAUNA

Healthy riparian vegetation is an essential compboé stream ecosystem processes
(Gregoryet al. 1991; Elmore 1992; Edwards and Huryn 1996; Frike9§7). The
loss or change in riparian vegetation can havergelanpact on aquatic fauna and
their associated trophic structures (Thompson aod@nsend 2003; Danger and
Robson 2004). The interaction between the physffatts of willow removal, the
possible associated ecological effects and the ity of food webs and aquatic
community structure is diverse and complex. Giveis, the removal of willow
canopy and root mats could have direct and indisbart-term affects (STA) and

long-term affects (LTA) on aquatic fauna.

Four physical factors that may be altered as admesult of willow canopy removal
and which may influence aquatic fauna communitietude:
1. Increase in photosynthetically available radiati@®AR) resulting from a
decrease in shade (PAR = light) (LTA).
2. Increase in water temperature resulting from a ebes® in shade and an
increase in PAR (LTA).
3. Removal of above ground foliage and habitat (STé &hA).
4. Decrease in the amount of organic input enterimgwhter body as a result of

removing the annual leaf litter fall (LTA).

Two physical factors that may be altered as a tineswilt of willow root mat removal
and which may influence aquatic fauna communitietude:
1. Removal of habitat for bacteria, algae, invertedsatish, and birds (STA and
LTA).
2. Decrease in the amount of organic input in the waten the decomposition

of willow root masses (LTA).

These factors and the effects they can have irsia bguatic food chain are illustrated
in figures 3 and 4. The next two sections of fherature review will discuss the
possible effects of willows and willow removal owa types of aquatic fauna,

invertebrates and fish.
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Removal of Willow Canopy and Trunk

Increase in Light (PAR) h Above Ground Habitat Remova{l

Birds

Fish

Bugs

Algae

Bacteria

Carbon

Increase in Water Temperature Decrease in Leaf Litter Input

Figure 3. Possible long-term directy and indirect (- -) effects on a basic freshwater
trophic chain through an increase in light and terafure, foliage / habitat removal and a
decrease in organic input following the removaiidfow canopy and trunk.

Removal of Willow Root Mass

Decrease in Organic Input Aquatic Habitat Removal

Birds

Fish

Bugs

Algae

Bacteria

Carbon

Figure 4. Possible long term direct{ and indirect (- -) effects on a basic freshwater
trophic chain through habitat removal and a deer@aorganic input following removal
of willow root mats.
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11. POTENTIAL EFFECTS OF WILLOW REMOVAL ON
INVERTEBRATES

10.1 Background Studies

In streams and rivers, leaf litter from ripariarge&ation is a vital source of organic
matter, providing energy and nutrients for aquatiganisms. In Australian
freshwater systems, the majority of the food supfaly aquatic invertebrates is
derived from the surrounding riparian vegetationthvinvertebrates playing a large

role in the energy transfer from terrestrial enniments to aquatic ecosystems.

In streams and rivers, leaf litter from ripariargg&ation is a vital source of organic
matter, providing energy and nutrients for aquatiganisms (Wotton 1994; Allen
1995; Yeates and Barmuta 1999). In small stresinesmajority of the food supply
for aquatic invertebrates is derived from the sumding riparian vegetation
(Cumminset al. 1989; O'Connelét al. 2000; Sabateet al.2001). In all systems, the
movement of invertebrates plays a large role in #émergy exchange between
terrestrial environments and aquatic ecosystemsl|@dal982; Hildrewet al. 1984;
Chergui and Pattee 1988; Bax#tral, 2005).

The extensive invasion of willows into Australiamers and streams has altered the
quantity and composition of this important food glypas well as habitat conditions
for invertebrate communities along willow lined m@gs. While this has raised
widespread concern that this change may be dettaheninvertebrate communities,
to date there has been no concrete evidence t@dups theory. Some international
studies have shown that willows can have positfiects whilst others have revealed
negative effects on invertebrate assemblages. rdliast studies that have directly
compared the biota within willow and native treeeli stream reaches have been
inconclusive (Pidgeon 1978; Besley 1992; Hardvetlal. 1995; Schulze and Walker
1997; Read and Barmuta 1999), with only Pidgeon78)9showing a notable
difference. The study found lower macroinvertebratomass and production at
willow lined reaches compared to native woodlantkdi reaches on a Victorian

stream.
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In the littoral zones of large rivers in the MurfBgrling Basin, numerous studies
have shown that invertebrate abundance and assgenldamposition is not
significantly different at sites lined by willow orative trees (Besley 1992; Hardwick
et al. 1995; Schulze and Walker 1997). In the River MyriSouth Australia, Schulze
& Walker (1997) found no significant differencesinvertebrate diversity or species
assemblages between sites lined with willo&alik babylonicgand river red gums.
Whilst in New Zealand streams, Glova and Sagar418&und benthic invertebrate
species richness and diversity to be greater ifowdd verses non willowed stream
sections. In their native environments, willowsvégbeen shown to support high
numbers of arthropods when compared to alien spedéteve native willow species in
Great Britain hosted 450 insect and mite speciegpened to 22 species supported by
introduced plant species. (Kennedy and Southwoo84)19 Whilst in Northern
California, the abundance and diversity of aemal ground-foraging invertebrates in
introduced vegetation was half of that comparechative willows (Herrera and
Dudley 2003). Furthermore, studies have shown thi#iows in their native
environment support rich assemblages of specatitbtopod consumers (Ste@ al.
1992; Preszler and Price 1993; Declerck-Floate Rnce 1994; Hjalten and Price
1996).

In contrast, Pidgeon (1978), in Pidgeon and C4itA81) proposed that, in Australian
streams, willows may support a lower diversity ghiatic invertebrates than native
vegetation due to their possible role in reducingtexr velocity, increasing
sedimentation (Minshall 1984), decreasing primargdpctivity (Boston and Hill
1991), reducing summer food supplies (Lesteral. 1994a) discouraging species
attracted to light (Behmer and Hawkins 1986) artihéng inhibitory chemicals from
the leaves, bark or rootlets (Pidgeon 1978; PidgawhCairns 1981).

Lesteret al (1994a) also suggested that willows may affeciatiq invertebrates by
modifying food supplies (decreasing sunlight andckarging autumnal input of
leaves) or habitat (reducing substrate particle aizd reducing flow). His studies on
two New Zealand streams found that willo8: (ragili9 dominated streams supported
relatively few invertebrates and that invertebrdteomass and density was
significantly lower in willow-lined sections of thetreams than in nearby open

sections in summer, autumn, and winter. Lesteal (1994a) concluded that the
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presence of riparian willows was clearly associatetth a reduced total

macroinvertebrate abundance and biomass.

Lesteret al (1996) supported this earlier research with tesshowing a reduction in
macroinvertebrate densities in densely lined willegctions in Heeney Creek, New
Zealand. Similar effects showing a decrease ireriebrate abundance associated
with willows has also been reported in other NewlZed stream studies (Allen 1951;
Glova and Sagar 1994) and overseas studies (Huf® Behmer and Hawkins
1986).

The vast differences in current literature makeeeining the possible effects of
willow removal on invertebrate communities in Awaditn difficult. It is clear,
however, that willows have a significant effecttmbitat, light penetration and hence
water temperature and organic matter inputs toastseall of which would be
expected to have an impact on the invertebrate agmiyn The following sections

will examine each of these changes in detail.

10.2 Habitat

In the Ovens River, NSW, no immediate differences rnacroinvertebrate
assemblages were found in de-willowed sites whavemats were left intact (Gawne
et al 2005). However, the sudden removal of root mady disrupt the invertebrate
communities which utilise the roots as habitat. llaMi roots within a New Zealand
stream were found to provide a stable habitat tgelanumbers of the snail
Potamopyrgus antipodarur@Winterbourn 1970), whilst Linklater and Winterlsau
(1993) found abundar®ycnocentria forcipatarichopteran shredders amongst root
mats in a similar stream. Therefore leaving thet mats in place after removing the
willow canopy and poisoning the willow stump mayyde less of a system shock
and a subtler difference in habitat change overetias the root mass slowly

decomposes.

The removal of root systems can also have long terpacts on aquatic invertebrate
communities due not only to loss of habitat butoats potential increases in

substratum size. Root masses from densely linddwvstream and river stretches
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can reduce water velocity leading to increasednsediation and a smaller average
substratum size (Young 1980). Lesttral (1994a) found that willow roots tend to
wrap around rocks and occupy interstitial spaceskihg in sediment so that the
entire width of a stream becomes highly silted. cieased substratum size is
generally observed to be associated with a decieasgertebrate density (Minshall

1984) as would be expected as the action would daigals access to the interstitial
spaces between stones (Lesteral. 1994a). Lesteet al (1994a) stated that this

action may well be the most important process tem&ning invertebrate abundance.
Therefore although removal of a whole willow treeluding root mats may cause an
initial disturbance to invertebrate communitiesrhags the long term benefits of a
possible increase in substratum size (this wouledn® be investigated) following

root removal may provide justification for such stra action.

The management of root masses during willow remuoxthlaffect the magnitude of
the disturbance and may affect the pathway to a&matural condition. Root masses
(if poisoned upon willow canopy removal) may decasg within 5-10 years (R.
McConville 2006, Ginninderra Catchment Group, pemsnm.) which would allow a
gradual change of physical habitat for invertelzads well as a possible gradual

increase in substratum size.

10.3 Light and Water Temperature

Water temperatures influence the growth and devedop of aquatic insects (Butler
1984). The possible increase in water temperdtll@ving the removal of willow
canopy may increase in-stream primary productititgrefore affecting the primary
production of the system (Boston and Hill 1991).IscAthe heavy shade cast by
willow canopy does not offer the light required tbe provision of high quality food
such as algae for invertebrates (Bwtral. 1999). There is potential therefore, for the
increased light resulting from willow canopy rembt@cause changes in periphyton
composition and an increase in biomass therebyriraitethe long term
macroinvertebrate community composition, produttivar abundance (Behmer and
Hawkins 1986; Feminellat al 1989; Plafkinet al 1989; Van Kraayenoordt al.
1995).
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One New Zealand study found that shade was assdcimith a reduction in
invertebrate taxonomic richness (Quiahal. 1997). This study, conducted in the
Mangaotama Stream in New Zealand, found total iebeate and chironomid
densities declined with increasing shade from 600%. The study also undertook
shade cloth experiments, in which a marked dedcfinavertebrate taxa richness was
found under 90% and 98% shade as compared to rie sira60% shade. Dense
willow canopy can actually reduce stream light lpyta 80% (Lesteet al. 1994a),
which related to the above findings may influenoeertebrate communities in
densely lined willow river sections. This wouldegeto be taken into consideration
when removing willow canopy as the change in lighnicentrations and possible long

term temperature alterations could impact on thstieg invertebrate community.

10.4 Organic Input

Willow litter falls occur in late autumn when thehale canopy sheds (Murphy and
Giller 2000) as compared to river red gum treescivtiiave peak litter falls in late
summer but still retain a large proportion of thesémopy (Boulton 1991; Barlocher
and Graca 2002). The removal of willows may harglterm effects on the amount
of litter falling into the stream. This would ne&dbe considered for insects that feed
on willow leaf litter, or that have adapted to ugimillow litter for habitat such as the
Caddisfly Oecetis (Gawnet al 2005) and also on the change in amount of ndgrien
and other chemicals reaching the system (e.g. RdRadlier 1984; Tahvanainest al
1985; Julkunen-Tiitto 1985; Haapadaal.2001)

Many studies have demonstrated that willow leaves palatable to biota in
Australian and New Zealand streams (Pidgeon anth€4981; Lesteet al. 1994a;
1994b; Schulze and Walker 1997). For example, éidgand Cairns (1981) found
that willow litter was just as palatable to invéntates as native litter. Parkyn and
Winterbourn (1997) found high densities of shreddemd non-shredders colonising
willow leaves in a small South Island stream in Négaland suggesting that willow
leaves were an adequate food and habitat sourcenvertebrates. Lestest al
(1994b) found that willow leaves were broadly ubeth directly and indirectly as a
food source by organisms of all functional feedgrgups in all seasons in willow

lined reaches of two Central Otago streams in Neaalahd. Whilst in Central
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Finland streams, Haapalkt al. (2001) found no significant differences between

willow leaves and Alder and Birch leaves as a feodrce for shredders.

In fact, some Australian and New Zealand studie® ltancluded that willow litter is
not only palatable, but can be a preferred foodtor aquatic macroinvertebrate
communities (Lesteet al. 1994a; 1994b; Schulze and Walker 1997). For elamp
Lesteret al (1994b) concluded that leaves of introduced wiiocan provide a
preferred food source for macroinvertebrates in Mealand streams. The detritivore
larvae examined in the studlinga, showed a clear preference for 56-day-incubated
willow leaves over willow leaves incubated for adkr duration or periphyton made
up of diatoms and some filamentous algae (Lested. 1994b). Yeates and Barmuta
(1999) found each of the three macroinvertebrageisg examined\otalina sp.,P.
gibbosaandKoorrnongasp., had a strong preference for green willowdsaand two

of the speciedlotalinasp. andP. gibbosagrew at a faster rate on a green willow leaf
diet than that of a native white gum (Bagilis L.) or manna gum Hucalyptus

viminalis Labill.) diet.

Upon entering the stream, willow leaves rapidlycleamportant nutrients such as
nitrogen (N) and phosphorus (P), reducing sugamsin@ acids and phenolic
compounds (lversen 1974; Gessner and Schwoerbél).19Besteret al (1994b)
found that 56-day incubated willow leaves possesggatoximately three times as
much Nitrogen (N) and carbohydrate as periphyteviced as much protein, and
similar amounts of chlorophyd. The consumption rate of leaves and the growth rate
of invertebrates has been shown to be positivetyetaied with either the N content
of leaves (lversen 1974; Iroes al. 1988), or the leaf protein content (McMatetral
1974). Willow leaves are thus likely to contribusgge amounts of nutrients to
streams (Lesteret al. 1994b) which provide important nutrition to thenbc

microbial community which can rapidly absorb thdrogk and Hynes 1976).

Although willow leaves can provide an attractivedosource for invertebrates, they
also contribute large amounts of chemicals inclgdannins, catechins, phenolics and
phenolic glucosides (Julkunen-Tiitto 1985) whichymahibit feeding behaviour in
invertebrates (Rowell-Rahier 1984; Tahvanaietal.1985; Tahvanaineet al. 1985;
Julkunen-Tiitto 1985; Ostrofsky and Zettler 198@niset al. 1988; Lesteet al. 1996;
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Haapalaet al. 2001) or may impede microbial conditioning proess§Chergui and
Pattee 1993; Yeates and Barmuta 1999). For examdyplleunen-Tiitto (1985) found
high concentrations of phenolic compounds in leafabe European willow species
Salix viminalis, Salix phylicifolia, Salixmyrsinifolia, and Salix aquatica whilst
Haapala et al (2001) found willow leaves had significantly hegh tannin
concentrations than both Alder and Birch leaves @entral Finland stream.

Following submersion, willow leaves release thesmmounds at an initially rapid
rate. Lesteet al. (1994b) found that the phenolic compounds in willeaves were
leached quickly during the first week, after whtbley decreased at a slower rate until
day 56 when the majority of phenolics had dissiggatd his high initial release of
phenolic concentrations into aquatic environmendy ause willow leaves as a food
source to be rejected initially. This proposdiugher supported by invertebrate food
preference studies which have found that willowities becomes more appealing to
invertebrates after it has been submerged for stoimme (Collier and Winterbourn
1986; Chergui and Pattee 1993; Lesteral. 1994b) as it allows the removal of

harmful secondary compounds such as phenolics.

Yeates and Barmuta (1999) stated that althoughowvilleaves could provide a
favoured food source for invertebrates, this sowvoeld be available for a shorter
time than native eucalypt detritus. This may lvesalt of the possible initial rejection
of willow leaf litter, coupled with the rapid decpwsition rate of willow leaf litter

following submergence (see section 8.2).

Lesteret al (1996) proposed that the effects of such chemifraim decomposing
willow detritus were more important in determiningacroinvertebrate densities than
either substrate type or shade concentrations. edery studies have also revealed
that river red gum leaves contain high levels ointas (Campbell and Fuchshuber,
1995) that are toxic to some animals, includingaerfish (Gehrkeet al 1993) and
molluscs (Cheuiryotet al 1981; Hammondet al 1994). Therefore careful
management recommendations need to be made ifassbte effects of leached

phenolics to aquatic ecosystems are to be used agament for willow removal.
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The removal of willows, therefore, may represergduction in food availability for
some macroinvertebrates until the riparian canepgplaced. The extent to which
the change in food availability would affect the@entebrate community is difficult to
determine for several reasons including;

The timing and duration of the pulse means thaiay not be a significant

food source on an annual basis.

The change in algal productivity that is likelydocur with willow removal

may offset the reduction in leaf material for gextist feeders.

10.5 Conclusion

Having outlined the possible effects of willow rewabon invertebrate communities,
it must be stated that these are effects havedtenal to, but may not actually occur
following willow removal. There is strong debatethe current literature as to the
effects of willows on invertebrate communities andeneral lack of literature stating
both the short and long term effects of willow remloon invertebrates. Therefore
the exact response of an aquatic ecosystem toetheval of willows, be it just the
canopy or the whole tree, is largely unknown arfficdit to accurately predict. It is
clear, however, that willows affect habitat, ligpenetration and hence water
temperature and organic matter inputs to streaimsf abhich affect the invertebrate
community. These effects may be negligible, pesitor negative depending on
circumstances and management objectives. Becausddbrates play a crucial role
in the food web, changes in the composition andndaoce of invertebrate
assemblages may have impacts on other elemenite alystem. These effects have
not, however, been examined in Australian systeriterefore if a de-willowing
operation is to occur, consideration of the effemtshabitat, light, temperature and
organic inputs should all be considered. Idediig would include consideration of
the treatment of the root mass and the type oftaéiga that will be established in

place of the willow tree.
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12. POTENTIAL EFFECTS OF WILLOW REMOVAL ON FISH

11.1 Background

The riparian zone has a profound influence on meefish communities through a
variety of direct and indirect linkages (Pusey arthington 2003). Direct effects
include organic input (food and habitat availapjliand light and water temperature
regulation (thermal regimen) (Pusey and Arthing2003). Indirect secondary effects
may potentially be realized at many different lsyelnd can range from ‘individual
reproductive success’ which includes effects onenracognition, egg and larval
survivorship and predator avoidance, through teéatblage level effects’ due to
influences of riparian vegetation on habitat suuetand trophic dynamics (Pusey and
Arthington 2003). In addition, there is also tletgmtial for an assortment of tertiary
impacts to occur which are controlled by both tivea and indirect impacts of fish
on other organisms (Pusey and Arthington 2003) ffiophic cascades; (Nakarbal
1999).

Changes in riparian cover have the potential telastrong effect on fish community
composition and characteristics. This includesrations in species biomass,
abundance and richness (Pustyal. 1993; Amouret al. 1994; Puseyet al 1995;
2000; Marsh-Matthews and Matthews 2000) and figemblages will only recover
when riparian integrity is re-established (PencfR7). In Australian streams and
rivers, the invasion of willows may have altered tbomposition of many fish
assemblages. The removal of willows may repreaeritnportant step in restoration
but could, in the short term, disrupt current peses in willow lined stream and river
stretches. This could result in both short andylterm effects on fish population
characteristics through an alteration of fish ratbithanges to light penetration, water

temperature and food availability.

11.2 Habitat
The immediate effects of willow removal on fish acoomities may be more

noticeable in highly regulated sites (e.g. weir Ippo In weir pools, the altered

hydrology means that the natural variation in wdearels no longer occurs, and
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willows are well adapted to such stable water coma. As such willows are
generally found to be abundant and healthy in \wewl sites, whereas native trees
may find the permanently inundated conditions assed with the stable water levels
stressful. In the absence of natural habitat widlanay provide a stable habitat to
fish. In the Mildura Weir Pool on the River Murtagooplankton diversity and fish
abundance was greatest in the willow-dominatedtaebwith most small fish found
under overhanging willow canopy within the weir pawvain channel (Scholz and
Davey 2004). Further studies conducted in the iddwWeir Pool using split beam
hydro acoustics to detect fish numbers showedldngér numbers of small fish were
found in the bank vegetation during the day as epgdo at dusk when most fish
were found in the open waters (V. Matveev 2006,RCsILand and Water, pers.
comm.). These findings may suggest that the agedaf zooplankton associated
with willows in weir pool environments may proviéepotential food supply to fish
and that the protective dense canopy may providexaallent diurnal resting habitat

for fish communities which may feed nocturnally.

Fish communities in open sites, downstream fromowillined stream or river
reaches, could also benefit from willows. Koeh8817) found native fish numbers
increased by a factor of six in the Ovens Rivectdia as a result of willow debris
accumulation at a previously open site. In Liffiepashaw Creek, Mississippi, the
average number of fish species per 150-m reacheased in all three zones
(upstream, within the treated reach, and downstyefmifowing debris addition
(Shieldset al. 2003). The study also found relatively large demin fish numbers,
biomass, and species richness observed in the tl@ans reach which may have
been due to the export of benthic drift and orgamatter from the treated reach
(Shieldset al.2003). Thus the impact of willow removal on figbpulations should
be considered not only in the immediate area ofititlews, but also downstream of

the willow removal site, especially if there areeomareas.

Large woody debris (LWD) within rivers and stream®vides ideal habitat and
hiding places for invertebrate and fish speciesWDL also plays a vital role in
retaining particulate organic matter (Bilby and éns 1980), supplying substrate for
the production of biomass by benthic macroinvedtds (Benkeet al. 1985), and

encouraging higher levels of invertebrate speclmsdance and diversity (Cooper
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and Testa 1999) which provides increased food ssui@r fish communities. LWD
provides higher levels of physical diversity frohetcreation of flow acceleration and
deceleration zones (Shields and Smith 1992), waiielimportant to fish communities
(Cooper and Testa 1999; Warretnal. 2002).

Willows do not provide a good supply of LWD as thegve brittle branches which
break off and either float downstream or due tartlmev lignum content decompose
rapidly. While live willows may provide good hadiit once dead the material does
not persist. As a consequence, removing willowy mnegluce habitat but the supply
of LWD to rivers will take a considerable time &cover due to the slow growth rate

of large trees such as river red gums.

During a de-willowing operation, it must also berefally considered whether to
remove the whole tree, or just to remove the caraopyleave the willow roots in tact.
The thick root mats formed by riparian willows cplay an important role in the
formation and maintenance of habitat for fish (\Knaayenoordet al. 1995). Adult
stream fish may use the roots as a habitat sotasefet al. 1998), whilst exposed
roots could be used as a spawning substrate aval laabitat (Pusewt al. 20014,
2001b). The removal of such habitat could causetdlerm effects on local fish
assemblages if they have specific breeding reqe@ntsnand a lack of vegetation to

meet those requirements in the given area.

11.3 Light

Shade can play a large role in habitat structuik dimersity of habitats in aquatic
environments. Fish utilise shade both as a reftma predation and as an area to
hide in and launch predatory attacks from (Helfrd881). The removal of a willow
canopy and the resulting light increase can haveintental impacts on fish
assemblages. Predator/prey dynamics could beeghift favor of predator species
(Van Kraayenoorcet al. 1995), and due to increased ultraviolet (UV) Eadiiation,
increased egg, embryo and larval mortality may bdgébutierrez-Rodriguez and
Williamson 1999).
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Increased light concentrations from canopy remaoeal also shift primary production
away from unicellular microalgae to filamentousagralgae, therefore reducing food
sources for invertebrate secondary producers (Bainal. 1999) and so potentially
lowering food availability for fish communities. hi may be balanced out by
possible increased stream productivity as a resulincreased light availability.
Broadet al (2001) found longfin eels further upstream inlovil sites were smaller
than in pasture or native vegetation in New Zeaktnehms. One suggestion was that
perhaps shading by willows has a strong negatifecebn stream productivity in

smaller streams (Broaet al.2002).

Increased light conditions can also lead to leadthe growth of submerged
macrophytes. Macrophytes play a vital role in fislmmunities, providing important
habitats for fish and larvae (Pusetyal. 1993; Kennard 1995; Puseyal.1995; 1998;
2000; 2001b), valuable spawning substrates for neopical fish species (Pus&y
al. 2001a) and acting as refuges from both predatiot khigh water velocity
(Mittelbach 1986; Losee and Wetzel 1993).

The quality and quantity of macrophytes which c@enan area following canopy
removal will influence fish communities. Increaskght conditions can lead to
changes in the plant community that may have eltkeeeficial or negative effects on
fish. An example of a negative effect is the geshition of exotic macrophytes such
as invasive grasses (Pusey and Arthington 2003)ddwa reduce habitat diversity,
alter the food-web structure and facilitate invasiy exotic fish species (Mackay
al. 2001; Pusey and Arthington 2003). Therefore,ithgact of willow removal on
fish communities will depend, in part, on the vediein community that establishes at

the site.

11.4 Water Temperature

The decrease in stream shade following willow cgn@moval can lead to increased
summer water temperatures, the extent dependingtream size, depth and flow.
Although there is no literature showing the dirdick between willow canopy
removal and fish assemblages, there is the potdoticdboth short and long term

effects to occur if stream temperatures incred¥ater temperature can play a critical
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role in fish assemblages as it directly controlsabanetabolic rates (e.g. minimum
energy required to survive) which influence growtites and the allocation of
resources for reproduction. Both these factors ltare consequences for survival
rates and so in the long term can affect populasiae (Jobling 1995; Pusey and
Arthington 2003).

Water temperatures also have the ability to affisease resistance in adult fish
(Pusey and Arthington 2003), tolerance to enviromiaestressors, such as decreased
dissolved oxygen (Llewellyn 1973; Pearson and Rgeril992) and the embryonic
development, hatching time and development of kskae (Llewellyn 1973). In
shallow or low flow areas where the possible inseean temperature following
canopy removal may occur at a faster rate, espeaaling summer months, these
effects are likely to be experienced very shorftgradisruption to the riparian zone
and may initially be quiet harsh (Van Kraayenoetdal. 1995). Long term effects
associated with changes in growth, fithess andtétbelection are more likely to
occur over a gradual time period and to persigijportance for a longer time as fish
communities adjusts to reflect changed habitat itmmd (Van Kraayenooreet al.
1995).

Such effects have the potential to alter pattefnfssb microhabitat use (McCauley
and Huggins 1979; Matthews 1998) as well as theiloligion of fish at both small
and large spatial scales (Van Kraayenoetdl. 1995). These effects may also be
heightened in small streams with little flow onetlands. The effectiveness of dense
shade in reducing water temperatures in small sisesvas evident in a study
conducted by Rutherforcet al (2004) in Western Australia and south-east
Queensland. The study found that temperaturegased by 4% from patches of
dense riparian shade to unshaded stream secti@i$arder headwater streams. The
effect of canopy removal on temperature changeslghibereby be given special

consideration in small streams and wetlands.
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11.5 Conclusion

The direct impacts of willow removal on fish assésmgles in Australian streams and
rivers are unknown. However, given the literatomethe role that willows can play in
fish communities through habitat, shade, tempeeaturd feeding effects, it can be
stated with some confidence that the removal o$dhteees can have both long and
short term impacts under certain environmental twms. These include reducing
potential fish habitat, creating new habitat, dffeg fish mate finding and predator
evasion, and impacting on egg, embryo and larvawtir and survivorship rates.
These detrimental effects are likely to be morenificant in small streams or
situations where willows represent the only sowttehade or habitat. These factors
would all need serious consideration if large scaiow removal was to be
undertaken, especially in regulated weir pool ssbésllow, slow flowing streams and

wetlands.
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13. WILLOW REMOVAL - A SUMMARY OF POTENTIAL AFFECTS

It is very difficult to predict the potential longrm effects of willow removal, be it
just the canopy or the whole tree, on aquatic meee The relationship between
riparian vegetation and the aquatic system is \aenyplex and many factors can
influence aquatic processes. In a simple systeenyémoval of willows on aquatic

processes could be summarised as shown in table 3.

Table 4.Potential long term effects of willow removal onuatjc processes.

Part of willow removed Process Potential effect
Root mat Channel morphology ? Change
Root mat Bank erosion ? Increase
Root mat Sediment size ? Increase
Canopy Light levels Increase
Canopy Temperature Increase
Canopy Nutrient input Decrease
Canopy Organic input Decrease
Canopy Understorey vegetation Increase

For invertebrates and fish, this is a far more demprocess. The above factors all
affect invertebrate and fish communities so noyyafd direct influences of willow
removal need to be considered but also secondaiytemiary influences. The
removal of just the canopy or the canopy and ratss makes a significant difference
to these effects. Figures 5 to 8 attempt to suns@dine potential effects of removing

willow canopies and root systems on invertebratéfestn communities.
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INVERTEBRATE COMMUNITY

Willow Canopy Removal
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Figure 5. Potential effects of willow canopy removal on anuatic invertebrate

community.
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INVERTEBRATE COMMUNITY

Willow Root Mat Removal
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Figure 6. Potential effects of willow root mat removal on aquatic invertebrate
community.
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FISH COMMUNITY

Willow Canopy Removal
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Figure 7. Potential effects of willow canopy removal on @fommunity.
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FISH COMMUNITY

Willow Root Mat Removal
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14. WILLOW MANAGEMENT

The decision to remove, leave or otherwise manaigjews in Australian streams,
rivers and wetlands is a much debated topic betwesdral resource managers,
academics and the broader community. The debatenmplicated due to the large
knowledge gaps and inconclusive and conflictinglifigs on the effects of willows
on aquatic biota and a lack of literature on thiea$ of removing willows from

aguatic ecosystems.

The ongoing extent of willow invasion and the larggale movement of asexual
propagules downstream from existing stands meatehroant and regional planning
strategies are particularly relevant. Prioritytisgtrequires quantitative knowledge of
impacts, costs and benefits from willow invasior avillow removal at both reach
and catchment scales (Wilson 2001). In additiatclonent managers require access
to knowledge that will enable willow removal to b@dertaken in a manner that

minimises detrimental short term impacts and acatds recovery of the system.

Determining levels of acceptable and unacceptabnge to a range of variables
influenced by riparian willows would need to be sekded. These should include
litter quality and quantity, in-stream community tad@lism, channel aggradation,
LWD dynamics, riparian DOM sources, thermal regatatand macrophyte,
invertebrate and fish communities each of which bt&nstrongly influenced by
riparian vegetation. Changes to any of these vimsalwzould be beneficial or
detrimental depending on the context. The Drafthalian Water Quality Guidelines
for Fresh and Marine Water (ANZECC 1998) providgmgentially useful framework
that could be applied to willow research and mamegg. The adoption of rigorous
experimental designs such as MBACI (or ‘beyond-BAC(Underwood 1997,
ANZECC 1998) that target key parameters most likelyoe influenced by willow
removal (Wilson 2001) would be beneficial to addrksowledge gaps.

An additional multi-disciplinary challenge is thts determine when a change in a

parameter is beneficial and when detrimental. @fyamg the impacts of willows and

willow removal at multiple levels of ecosystem angation and evaluating under
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which circumstances such changes are beneficlamnful is a complex combination

but one which is necessary to provide managemesttcin (Wilson 2001).

15. CONTACTS

North East Catchment Management Authority
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