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Willow identification

The art of identification

Willows are an extremely diverse and complex
plant group, consisting of more than 300 willow
taxa (which includes species, sub-species,
varieties, cultivars and hybrids') worldwide. Of
these, approximately 100 have been introduced
into Australia and it is estimated that over 30
taxa have become naturalised (that is, growing
and spreading naturally in the environment) in
Australia.

Plant features (such as form, bark, stems, leaves,
flowers and roots) can vary dramatically among
willow species. For example, willows can be either
trees or shrubs, weeping or upright and single-
stemmed or multi-stemmed. They can have rough
or smooth bark, long or short leaves, early or late
flowering, fragile or strong branches, and the list
goes on.

Willows also have a remarkable ability to form
hybrids, making accurate identification difficult.
Almost all willows are able to hybridise with one
or more other willows (mostly within the same
subgenus) if they flower at the same time and
fertile male and female plants grow near enough
for pollination to occur.

Fortunately, precise identification is not necessarily
required when planning willow management.
However, a basic level of identification is essential.
To most effectively manage willows, it is most
important to be able to:

1. determine the sex of a willow (p.4),
2. confirm if it is producing viable seed (p.6),

3. distinguish between ‘tree’ and ‘shrub’ willows
(p.7), and

4. determine how brittle (or ‘fragile’) the
branches are (p.9).

In addition, it is useful to

5. learn to identify some key willow taxa
already naturalised in Australia (p.9 to 16)
and

6. collect plant samples, where possible, and
send them to a herbarium (p10).

Learning these skills will further enhance our
ability to manage willows.

Although willow identification can be difficult,
a basic level of identification is essential for
effective management.

' All willow species, sub-species, varieties, cultivars and
hybrids will be referred to generically as ‘taxa’ in this guide.

What’s in a name?

All willows belong to the genus Salix. Within this
genus, there are 3 recognised subgenera (or
major groupings):

¢ Subgenus Salix - ‘tree willows’,

¢ Subgenus Vetrix - ‘shrub willows’,

¢ Subgenus Chamaetia - dwarf, arctic or alpine
willows.

Within each of these 3 subgenera, there are
many species, sub-species, varieties, hybrids and
cultivars. Willows that are growing and spreading
naturally in Australia belong to either the Salix
(‘tree willow’) subgenus or Vetrix (‘shrub willow’)
subgenus. To date, no plants within the subgenus
Chamaetia have been recorded as naturalised
in Australia, but they have often been sold in
nurseries.

A botanical name consists of the name of the
genus, followed by the name of the species —e.g.
if the genus is Salix and the species is alba, the
name of the plant is Salix alba (or S. alba where it
is clear that S. refers to the genus Salix).

A species may be subdivided into varieties (e.g.
S. alba var. vitellina and S. alba var. alba) and
cultivars (e.g. S. matsudana ‘Tortuosa’).

Hybrids may be formed as a result of a male of
one species pollinating a female of another - e.g.
S. alba can cross-breed with S. fragilis. The hybrid
that results may be identified by its parents (e.g. S.
alba x fragilis) or its own name (e.g. S. X rubens),
where x indicates that it is a hybrid.

Willows are often called by their common names
(such as pussy willow and crack willow), as they
are easier to remember. However, common names
should only be used if the correct botanical name
is implied. For example, the common name ‘pussy
willow’ is often used for a number of different
willows, including Salix cinerea, S. x reichardtii,
S. x calodendron and S. caprea. This can become
extremely problematic for management, since
Salix cinereais considered one of the mostinvasive
willows in Australia, while S. x calodendron is
excluded from the Weeds of National Significance
list.



Why identify willows?
Implications for management

Willow invasion dynamics

Different willows vary in their ability to spread into
and thrive in new environments. It is important
to understand how different willows spread and
to adapt management programs accordingly.
Willows can either spread sexually (via seed) or
vegetatively (via twigs and branches) or by both
of these means. The seeds germinate on bare, wet
sediments, while branches, attached or detached,
root mainly on wet ground or in shallow water.

¢ Spread by seed

The ability of willows to spread by seed depends
mainly on the availability of favourable seedbeds
(bare, wet ground) and the overlap in flowering
times of compatible female and male plants.
A female willow can produce thousands of
seeds each spring. However, often these seeds
do not germinate or grow, possibly due to the
lack of suitable seedbed, rising or rapidly falling
water levels and floods that uproot or bury the
seedlings.

Suitable conditions for seedling establishment
likely occur in most temperate Australian streams
every 5 to 20 years?. Major disturbances, such
as wildfire or the collapse of a swamp can also
promote massive seed germination. Thus, while
spreading by seed may appear restricted for many
years, a catastrophic explosion of seedlings may
occur at any time, given the right conditions.

Some willows can spread by seed up to 50-100km.
These willows may spread rapidly across regions
and states, so even the most remote environments
are at risk of invasion.

The ability of willows to spread large
distances by seed highlights the need for
coordinated action across regions and
states to prevent further spread.

2 Kurt Cremer, personal observation
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¢+ Control of seeding willows

Early identification and control of seeding willows
is critical and should be made a high priority for
management. In some cases, such willows will
need to be immediately controlled in areas where
they do not currently cause significant impacts,
to prevent them from spreading to other, more
important environments.

Hybridisation between willows generally only
occurs between plants within the same subgenus3.
Almost all willows are able to hybridise with at
least one or more other willows, so long as they
flower at the same time and fertile male and
female plants grow near enough for pollination to
occur.

We are not sure exactly how far willow pollen
can travel (by insects or wind) and successfully
pollinate a female plant. Although bees may fly
up to 3 or 5 km to collect pollen and nectar, it
is thought that cross-pollination is generally
restricted to much smaller distances (e.g. 50 m).
However, female plants growing 1km from the
nearest male have been observed producing
viable seeds®. It is therefore recommended that
male plants be separated from females by at least
2 km and preferably more if possible.

If you find female and male willows from the
same subgenus (‘tree’ or ‘shrub’) within a few
kilometres of each other, remove all female plants
immediately.

To stop willows spreading by seed, it is essential
to at least identify the gender (male, female
or both) and subgenus (shrub or tree) of each
willow and whether it is producing viable seed.

3 One exception is S. x mollissima — a cross between S.
viminalis (subgenus Vetrix) and S. triandra (subgenus Salix).
S. triandra is not yet naturalised in Australia however.

4 Kurt Cremer, personal observation



Willow identification

¢ Spread by branches/twigs

Some willows can readily reproduce by twigs
breaking off at the base of the stem and taking
root downstream. In addition, dense layering
of willows can occur where trunks collapse or
branches hang down and form new roots where
they touch the soil.

The brittleness (or ‘fragility’) of a branch/twig is
the most important feature determining a willow’s
ability to spread aggressively by vegetative
means. Brittleness is determined by the ease with
which the branch can break at its base — the rest
of the branch may be quite flexible. Many of the
tree willows in Australia are easily broken at the
base. The shrub willows are generally less fragile
and are therefore less likely to spread by this
method.

Crack willows (Salix fragilis) have extremely
‘fragile’ branches that snap easily at the base, with
an audible ‘crack’. S. fragilis and related hybrids
have spread aggressively and are currently the
mostwidespread andabundant willows, occupying
thousands of kilometres of streams across south-
eastern Australia.

The brittleness (or ‘fragility’) of a branch/twig
is the most important feature determining
a willow’s ability to spread aggressively by
vegetative means.

¢+ Controlling spread by branches

As with seeding willows, careful planning,
management, revegetation and follow up weed
control are crucial to ensure that these willows are
managed effectively. It is important to remember
that:

» if willows or other weeds are removed from an
area, twigs and branches from upstram may
easily spread downstream and reinvade the
area where the willows (or other weeds) were
just removed;

= when controlling these willows, it is critical
to ensure that all branches and other live
material are removed - otherwise a multitude
of new willows may sprout from the remaining
material;

= removing these willows may expose an ideal
seedbed for seeding willows to colonise, unless
revegetation occurs quickly.

To stop the spread of willows by branches
and twigs, it is important to identify
willows with brittle branches that are

growing along waterways.

Impacts of willows

Willows infest thousands of kilometres of
waterways across southeast Australia and cause
substantial social, economic and environmental
impacts such as:

¢ reducing the quality and flow of water,

¢ increasing erosion and flooding and causing
damage to nearby infrastructure,

¢ reducingavailable habitat for fish, birds, insects
and spiders and

¢ obstructing access to streams for fishing and
aquatic sports.

Willows clearly need to be managed to reduce the
current impacts they are causing, as well as to
prevent future spread. Many regional Catchment
Management Authorities (CMA) or Natural
Resource Management (NRM) bodies address the
impacts of willows on river health through the
implementation of their Regional River Health
Strategies.

Current/potential distribution

Willows impact upon thousands of kilometres of
waterways, wetlands, drainage lines and other
moist areas across Victoria, New South Wales,
the ACT and Tasmania. They are also known to
occur to a much lesser extent in South Australia,
southern Queensland and Western Australia.
Information on the current distribution of willows,
including the gender, subgenus and, in some
cases, species is essential for planning an effective
willow management strategy. Such information is
seriously lacking in all states/territories.

The extent of willow infestation in Australia
has not been well documented and records
that do exist often lack key information
necessary for effective management.

Willow management priorities

Eradication of willows across Australia is not
feasible or desirable. Instead, we need to prioritise
the selective removal of undesirable willows. In
general, willows should be prioritised for control
if they are:

¢ female willows growing near male plants
(within about 2km) and/or producing viable
seed;

¢ ‘fragile’ willows (that is, with branches that
easily break off) growing along waterways;

¢ causing impacts to river health or other social,
environmental or economic values.

To do this, we require information on the gender,
subgenus and brittleness of all willows.
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Is the plant male, female or both?

Most willow plants are either male or female,
with a few rare exceptions where both male and
female flowers occur on the one plant. If plants
of both sexes are present in a locality, pollination
can result. It is therefore important to know the
sex of willows, as an indication of their ability to
spread by seed.

The sex of the plant can be determined in
spring when flowering occurs

Willows flower for approximately 3 weeks
each year between the months of August and
November. Flowering times vary among species
and according to climate. In general, if a male and
female plant from the same subgenus (i.e. ‘tree’,
‘shrub’ or ‘alpine’) flower at the same time, they
can hybridise and form new plants.

Willow catkins

Catkins are influorescences comprising of 100
or more male or female flowers. Female flowers
produce nectar only, whereas male flowers
produce nectar and pollen. It is believed that
insects mostly pollinate the flowers (attracted
by the nectar), but it is possible that some wind
pollination may occur.

A simple way of determining if the catkin
is male or female is to remember that
only males produce pollen.

Male flowers have stamens that consist of a fine
filament tipped by two yellow pollen sacks,
which release yellow pollen when mature. Female
flowers, on the other hand, each have a single
bulbous green ovary topped by a stigma. This
ovary later matures into a capsule that splits open
and releases fluffy seed.

Willow seedlings growing along the King River,
North East Victoria. The seed of some willows can
spread long distances by wind, so even the most
remote environments are at risk of invasion.

Male: Each flower on a male catkin has several stamens, which consist of

fine filaments with

Male catkin

at the tips

Male flower

p—r

Filament

Pollen sack

Above: Male catkin from a crack willow (Salix fragilis var. fragilis). Each flower has 2 or more stamens, each consisting of
a fine filament and bright yellow pollen sack (Photo: Matthew Baker)



Willow identification
Female: Each flower on a female catkin has a single
bulbous green ovary topped by a single stigma.

ale catkin
Female flower

Above: Female catkin from a grey sallow (Salix cinerea). Each flower has a bulbous green ovary and is topped by a single
stigma (Photo: Matthew Baker).

Catkins can vary in size and shape between willow species.
For example, Salix cinerea has egg-shaped catkins, while
Salix alba has long, slender catkins.

Above: If pollinated, female catkins produce Above: (left) Male Salix cinerea catkins and (right) female Salix
lots of fluffy seeds that can be dispersed alba catkins. Note: (right) the ‘tree’ willow’s leaves have emerged
long distances by wind. with the catkins and (left) there are no leaves on the stem as

the ‘shrub’ willow’s catkins have emerged before the leaves.

Male and female flowers on the same catkin!

In some rare instances, male and female flowers can form on the same plant and sometimes even on the same
catkin. The golden weeping willow (Salix x sepulcralis var. chrysocoma) and the New Zealand hybrids (Salix
matsudana x S. alba) can both develop male and female flowers on the one plant. This allows the plant to
fertilise its own flowers, enabling a single, isolated tree to set viable seed.

Above: Catkins with both male and female flowers from (left) a golden weeping willow (Salix x sepulcralis var.
chrysocoma) and (right) a New Zealand hybrid willow (S. matsudana x S. alba).

5
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When do willows flower?

Flowering occurs between August and November, but the precise timing varies among willow taxa. Some
willows commence flowering in August, while others do not flower until late September and October. The
following table illustrates the approximate flowering times of different willows, based on data collected in the
ACT from 1995-19991. Actual flowering times may vary considerably, however, depending on variations in
temperatures between years and across regions and states.

August September October November
Tree willows
S. babylonica ? 0000000000 0000000000000000
S. X chrysocoma & 000000000
S. matsudana x alba & Q 00000000 000000000000000
S.alba & Q 00000000 000000000000000
S. fragilis & 00000000
S. matsudana ‘Tortuosa’ @ 00000000 000000000000000
S. X rubens 3 9 00000000 000000000000000
S. alba var. vitellina ¢ 00000000 000000000000000
S. nigra 3 9 00000000 000000000000000
Shrub willows
S. X reichardtii & 00000000
S. viminalis 3 Q 00000000 00000000000
S. purpurea 3 Q 00000000 000000000
S. cinerea 3 Q 00000000 0000000

! Data obtained by Cremer (1995 and 1999) in the ACT between 1994 and 1998.
Q - forms female catkins d - forms male catkins

ooooo = Catkins enlarging = Flowering 00000 = Seed development 00000 = Seed shed

2. Is the seed viable?

If both female and male plants from the same subgenus (e.g. Salix or Vetrix) are present in an area and their
flowering times overlap, pollination is likely to occur and viable seed produced.

To confirm if viable seed is being produced:

1. Collect branches with catkins that have started to release white, cottony fluff

but also have unopened capsules.

Place cut ends in a vase of water as you would do with a bunch of flowers.

Keep in a sheltered room and wait until the new capsules open and release fresh seed

(usually only a day or two).

Select 10-20 seeds, with or without attached cottony fluff.

Press firmly into very wet tissue paper on a dish so that seed makes close contact with the wet paper.
Cover dish with glass or plastic wrap so that the seed keeps moist, but not dark.

Keep at room temperature (20-25°C) in a well-lit position, but not in direct sunlight.
Germination is usually obvious after 1 or 2 days — a pair of Imm long green leaves will appear.

w N

PN A

Some willows can spread by seed up to 100km, emphasising the need for
early identification and management of seeding willows.
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Willow identification

4,

How brittle are the branches?

Determining how brittle (or fragile) the branches
are will indicate how easily a willow can spread by
branches breaking off and rooting downstream.

Do the crack test! Break a twig off at its base. If it
cracks or breaks easily, then it has brittle branches
and will spread easily by vegetative means.

Try to break the twig off here at the base

What is the willow species, subspecies, variety or hybrid?

The following is a guide to identifying key willows that are recognised as being invasive in Australia. This
is by no means a comprehensive list and other species not listed may also be extremely invasive. This list
will need to be updated as we gain further information on the invasiveness, risk and current and potential
distribution of different willows in Australia.

What features do | look for, at what time of year?

The following plant features will help you identify

the willow or group of willows you are looking
at. Some of these features can only be seen at a
certain time of year, whereas others can be seen
all year round. Also, certain characteristics (such
as leaf hairiness, bark colour/texture and leaf
shape) can vary depending on the time of year,
growing conditions and tree or shrub age.

(Left) Some characteristics
of a willow can vary
depending on tree or
shrub age. E.g. black
willow (Salix nigra) has
a conical shaped crown

when young but forms a
broader crown when old.

Even if you are unsure which willow you are
dealing with, record information on the following
features, so that someone else may be able to
later identify it.

Time of year
Any time of year

Feature of the plant

Form - tree or shrub; narrow or wide crown; single-
stemmed or multi-stemmed; weeping, contorted or upright
branches

Stems/branches — colour; degree of brittleness or Any time of year
flexability (do they snap when broken); straight or curvy; are

there ridges under the bark

Bark — colour and texture (rough or smooth) along the
trunk

Any time of year

Roots — colour of exposed roots (pink or white) Any time of year

Leaves — size, shape, colour on both sides, degree of Summer to
hairyness, edge shape (smooth or jagged) and number of Autumn
veins.

Flowers/catkins — shape, size, sex, number of flowering Spring

parts and flowering time




If you are uncertain about the willow species (or
variety or hybrid) you are dealing with, collect
a specimen and send it to your local herbarium
or expert for advice (see Further Information for
contact details). Sending a plant sample to the
herbarium has the added benefit of establishing
a permanent record of that plant at a particular
location and time. This assists our understanding
of the distribution and ecological preferences of
that species.

Remember, it takes almost as much effort to
prepare a poor specimen as it does to prepare an
excellent specimen.

For accurate identification of willows, complete
specimens should be collected at two periods of
the year - in the spring for catkins (or flowers) and
in the summer or early autumn for mature foliage.
If a site can only be visited once, collect material
in the summer or early autumn, as leaves provide
more valuable information for identification than
catkins do.

If you discover willow seedlings in an area,
collect specimens of likely parents growing in
the neighbourhood also, to aid identification and
management.

1. Complete alabel that includes the information
outlined on the right;

2. Collect a healthy specimen (approx. 30cm
long), with leaves and twigs. If possible,
return in spring to collect catkins and/or seed
bearing capsules;

3. Take a photo of the tree form and bark;

4. |If specimen is dirty, gently clean it with water
and dry;
(Note: if you do not have paper with you when
collecting, place specimen in a dry plastic bag and
press within 24 hours)

5. Place specimen between several sheets of
newspaper;

6. Arrange the specimen so that all parts can be
clearly seen (stems and both sides of leaves);

7. Place weights on specimen to apply pressure
and flatten the specimen;
(Note: this can be done with objects such as books
or boards with bricks on top);

8. Change newspaper daily for the first few days,
then weekly until dry;

9. When dry, put specimen between 2 sheets of
newspaper, then 2 sheets of firm cardboard;

Weeds of National Significance

6. How to collect a willow specimen?

10. Place catkins and/or seed in a labelled
envelope with specimen;

11. Check that the specimen is correctly labelled;
12. Securely wrap package;

13. Attach a letter with your contact details and
request for identification.

Label

The information recorded on the label is as
important as the specimen you collect.

For each specimen collected, attach a label with
the following information.

Example only: Four Specimen Information lables are
avaliable on the back of this booklet
for photocopying.

M 1

Specimen information

Number (year/month/day/sequential number):

Name:

Date:

Precise location (on a map or latitude/longitude or easting/
northing):

Town: State:

Growth form (e.qg. tree, shrub; weeper, non-weeper):

Number of trunks (emerging from base):
Height (m):
Bark texture (rough or smooth) & colour:

Colour:
fresh stems
leaves — upper
leaves — under
catkins (flowers)
roots (if visible)

Habitat (e.g. riverbank, wetland, grazed paddock, drainage
line, riparian forest etc.):

Abundance of mature plants (no./ freq. of plants) and
presence of seedlings:

Other info (e.g. damage to tree, growing in stream or along
bank etc.):

10
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Further information

Relevant weblinks:

For further information on willows and links to
other willow-related websites go to:

www.weeds.org.au/WoNS/willows

Australia’s Virtual Herbarium provides links to
State and Territory herbarium websites:

www.anbg.gov.au/avh

Acknowledgements:

Further reading/references:

Cremer, K.W. (1995). Willow identification for
River Management in Australia. Technical Paper
No. 3., CSIRO Division of Forestry, Canberra,
Australia.

Thank you to the following people for generously supplying pictures;
Matthew Baker, Kyla Finlay, Fiona Ede, Terry McCormack, Jamie Davies, Robin Adair, Sarah Holland Clift.
Geoff Carr for his invaluable scientific key to willows in Australia.

Willow identification contacts by state/territory:

Note: Some herbaria charge a fee to identify specimens. Please refer to the relevant website or contact the person

directly to determine costs.

Australian Capital Territory

Plant Enquiry Service

Australian National Botanic Gardens
GPO Box 1777

Canberra ACT 2601

Ph: (02) 6250 9540

New South Wales

Botanical Information Service
National Herbarium of NSW
Botanic Gardens Trust

Mrs Macquaries Road
Sydney NSW 2000

Fax: (02) 9251 1952

Queensland

Botanical Information and Advisory Service
Queensland Herbarium

Brisbane Botanic Gardens, Mt Coot-tha

Mt Coot-tha Rd

Toowong QLD 4066

Ph.: (07) 3896 9326 Fax: (07) 3896 9624
Queensland.Herbarium@epa.qgld.gov.au

South Australia

Plant Biodiversity Centre

PO Box 2732

Kent Town SA 5071

Ph: (08) 8222 9307 Fax: (08) 8222 9353

Tasmania

Matthew Baker

Curator, Weed Taxonomy

Tasmanian Herbarium

Private Bag 4

Hobart TAS 7001

Ph: (03) 6226 1029 Fax: (03) 6226 7865
Matthew.Baker@tmag.tas.gov.au

Victoria

Geoff Carr

Director, Principal Botanist

Ecology Australia Pty. Ltd.

88b Station St

Fairfield VIC 3078

Ph: (03) 9489 4191 Fax (03) 9481 7679
gcarr@ecologyaustralia.com.au

Identifications and Information Service
Royal Botanic Gardens Melbourne
Private Bag 2000

South Yarra

Victoria 3141

Ph: (03) 9252 2300 Fax: (03) 9252 2442

Western Australia

Western Australian Herbarium

Department of Environment and Conservation
Locked Bag 104

Bentley Delivery Centre WA 6983

Ph: (08) 9334 0500 Fax: (08) 9334 0515
herbarium@dec.wa.gov.au




Weeds of National Significance

Compiled by Sarah Holland Clift from:

Cremer, K. W. (1995). Willow identification for River Management in Australia. Technical paper No. 3.
CSIRO Division of Forestry, Canberra, Australia.

Van Kraayenoord, C. W. S., Slui, B. and F. B. Knowles (1995). Introduced Forest Trees in New Zealand:
Recognition, role and seed source, 15. The Willows Salix spp. New Zealand Forest Research Institute Limited.

Meikle, R. D. (1984). Willows and Poplars of Great Britain and Ireland. Botanical Society of the British Isles,
London.
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Specimen information

Number (year/month/day/sequential number):
Name:

Date:

Precise location (on a map or latitude/longitude or easting/
northing):

Town: State:
Growth form (e.g. tree, shrub; weeper, non-weeper):

Number of trunks (emerging from base):

Height (m):

Bark texture (rough or smooth) & colour:

Colour:
fresh stems

leaves — upper

leaves — under

catkins (flowers)

roots (if visible)

Habitat (e.g. riverbank, wetland, grazed paddock, drainage
line, riparian forest etc.):

Abundance of mature plants (no./ freq. of plants) and
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