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Abstract: Ashleaf Maple (Acer negundo L.) was first introduced in Latvia and Lithuania at the beginning of
the 19% century. It is the most widely distributed alien maple species to be found in the parks and greener-
ies of Riga and Kaunas. In recent decades, the spread and invasion of this species has been observed. The
aim of this research was to determine the extent and effects of the invasiveness A. negundo in Riga and Kau-
nas. The degree of invasion by this species’ was estimated by applying the Pest Plant Prioritization Process,
which is based on the Analytic Hierarchy Process method. The results showed that the invasive degree of
box elder was very high (0.788); the present compared to potential distribution rating was medium high
(0.71) and the social, environmental and economic impact score was low (0.23). The Final Pest Plant Score
for A. negundo was medium (0.4506). The obtained estimates indicated that box elder was invasive and was
able to spread rapidly into new riparian areas.
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Introduction

Ashleaf Maple (Acer negundo L.) also known Man-
itoba Maple in Canada, and Box elder in America is
native to North America and is the most widely dis-
tributed of all American maples. Its native range ex-
tends across the U.S. and from Alberta, Canada in the
north and to southern Mexico and Guatemala in the
south (USDA). In North western America it is found
primarily in river canyons where it may form exten-
sive riparian forests (DeWine and Cooper 2007).
However, in parts of northern America it can be found

outside its natural distribution range and is consid-
ered as an alien species (Planty-Tabacchi et all. 1996).
Seed crops are produced annually, beginning at 8 to
11 years of age (Schopmeyer 1974). The species is
dioeciously and comparing with other urban maple
species, has a short life cycle. Open-grown A. negundo
trees usually have an irregular form, with the main
stem dividing near the ground, resulting in a large un-
even crown. In Canada, the diameter at breast height
of the main stem rarely exceeds 60 cm, and heights
in excess of 15 m are uncommon (Blouin 1992). A.
negundo develops deep roots, and stump suckers and
prefers to grow in moist soils (Rauktys 1933). It has
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also been known to survive an inundation of water
for as long as 30 days (Hosner 1960), and subsequent
research indicates that established trees can tolerate
being inundated for longer than 85 days (Friedman
and Auble 1999). The species was deliberately intro-
duced to different countries in Europe together with
a number of other American plant species in the sev-
enteenth century (Medrzycki 2007; Erfmeier 2011).

Scientific literature provides different opinions
about the introduction and cultivation of A. negun-
do in Lithuania. According to Gudzinskas (1998),
A. negundo was initially cultivated in the 1930s and
was first recorded as an invasive species in 1963.
However, according to Rauktys (1933), A. negundo
was grown in Lithuania long before the 20% centu-
ry. Whilst Skridaila (2001) reported that A. negun-
do was growing in the Vilnius University botanical
garden in 1804. As a fast-growing and winter-hardy
species, it was frequently planted as an ornamental
tree in both cities and farmyards (Rauktys 1933).
Kowarik (1995) state’s that after introduction, the
naturalization of many trees takes approximately 170
years, until they began to spread. In agreement, after
150 years since its introduction, A. negundo was re-
ported to be growing and bearing fruit in Lithuania
(Janu$auskaité 1935; Ramanauskas 1973). In gener-
al, between 1928-1939, A. negundo was abundantly
grown in nurseries for ornamental gardening in Lith-
uania. After the Second World War, it was planted in
forests, however after 1960 was deemed not suitable
for forestry and as a result was no longer propagat-
ed in nurseries (Kairiukstis 1968). Subsequent de-
scriptions mention that in Lithuania, these maples
are frequently found growing near homesteads, in
urban landscapes, parks, nurseries, protective plan-
tations, along roadsides and railways (Navasaitis
1979; 2004). They have also been used for forest land
reclamation - on slopes, and in more humid sandy
soils. In industrial centres, they have been assessed
as being fume and dust resistant, and can be used
quickly to repopulate vacant areas. Further planting
is not recommended for urban areas, because it is
already widespread (LTSR Flora 1971). Officially in
Lithuania A. negundo was considered an invasive al-
ien tree species in 2004 (Anonymous 2004) and in
2013-2015 the Lithuanian Ministry of Environmen-
tal organized the ongoing project “Regulatory meas-
ures of invasive plant species abundance”.

In Latvia, A. negundo was first introduced in tree
nurseries at the beginning of the 19* century (Zigra
1817; Wagner 1822) and was also used as an element
of urban greenery in Riga. Some decades later, at the
end of the 19t century, it became a popular woody
species within the vicinity of Riga (Klinge 1883). In
the middle of the 20th century, A. negundo was the
second most widespread alien maple species behind
the Sycamore (Acer pseudoplatanus) (Zarins 1959),

but only after 20 years, it was deemed the most dis-
tributed alien maple species in parks and greener-
ies in Latvia (Cinovskis et al. 1974). Nowadays, it
is considered as a fully naturalized species in Latvia
(Gudzinskas 1998; Gavrilova and Sulcs 1999). A. ne-
gundo forms up to several square meters large stands
in non-used grasslands and ruderal areas in Riga and
other urban and rural areas in Latvia.

It should be noted that not all alien plants become
invasive. Williamson and Fitter (1996) estimated
that approximately 10% of naturalized plant species
become invasive and cause significant economic and
ecological impacts. The mass spread of some intro-
duced species has occurred only during the last few
decades. In the 1980s-1990s only sporadic findings
of A. negundo were recorded, but at the beginning
of the 2000s, mass spread into vegetative commu-
nities of the Volga basin region was observed (Bor-
isova 2011). To make informed decisions about the
optimal method of weed control in urban areas, it is
necessary that the relative importance of each weed
be determined.

The research aim is to determine the relative im-
portance of Acer negundo invasiveness in Riga and
Kaunas. The invasiveness can be determined by con-
sidering: (a) how invasive they are, how fast can they
spread? (b) The present and potential extent of the
species; (c) what social, environmental and econom-
ic impacts does the species have?

Material and Methods

Growth and seedling distribution of A. negundo in
Riga (56°57'05" N, 24°06'10" E), the capital of Latvia,
and Kaunas (54°53'50" N, 23°53'10" E), the second
largest city of Lithuania, were analysed. The climate
in Riga is moderately warm and humid: the average
annual precipitation is about 700 mm, the average
temperature in January is -3.5°C, and in July +17.2°C.
The climate in Kaunas is more continental. The aver-
age annual precipitation is 550-600 mm, the average
temperature in January is -5.2°C, and in July +16.9°C
(Statistical department data of 2005-2010).

Methods to calculate pest plant score

The species that are of highest risk are those that
have the greatest potential to affect valuable resourc-
es. The information that is needed to enable threats
to be assessed under this process includes: informa-
tion about the biology of each species and its poten-
tial rate of spread; the species that could threaten the
region either now or in the future; the level of impact
that a species could have on social, agricultural and
environmental resources; the values that land man-
agers assign to affected resources.



159

The spread, intensity and invasiveness of the Acer negundo in Riga and Kaunas

(LD ssauaAIseaul/saded /jsuairsoia /o1a/1dp/mnenod-o1aidop-oia//:diny) A3ojopoylewr Jddd 01 Surpiodny

uny [ < 1918313 9s1adsip

1m sandedoad swos 1e) Afoy1] A19A
1INy 3[qIPa SBY IO ‘SPads

paszadsip piiq 1o ‘purm W31y A10A

w 000 T-00T Yyoea1 [[im Auewr Inq wiy |
uey) 1918313 as1adsip [[im sonSedord mog
ShJeI) Je[noIyaA IYSI] J0 (SpIIq 10U) S[eur
-Tue ‘1a7em ‘pumm Aq peards sanSedoig

w0007 Isow

‘wy 1 01 9s1dSTp [[IM SUOU 01 M) AIA
S[eWIUE IO suBWNY 01

Suryoelre £q peaxds aq osTe ued sa[ndedoig

w g uey

SS3] 9 [[IM 1SOW W OO Ue
19789183 9s19dsIp 01 AjIun A19A
Anaerd

Aq peaxds Aurewr sanSedoig

os1adsp

sonSedoid op rej moH
swsTue

-yoaw [es1adsIp Jo equinN

eszadsiq

1eaf e 1opun ur sayndedoid a1q

-e1A sadnpoid pue A1Lnjewr saypeay
s1A 0T < 10y sa[n3

-edoid 91qera soonpouid juerd armep

[1os a1 ut

SIK 07< 9ATAINS UED SPIIS JO %4G7<
000¢ 210qV

uononp

-o1dai renxas pue 2Ane19daA l0g

UOnBUIWLIAE 19)je
s1f 7—1 usamiaq sandedoid saonpoig

SIA O1—¢ J0J
sorn8edouid a1qera seonpoid juerd amiyey

SIA 407 2A1AINS Inq A[IGEIA J9MO] JO
‘[10S UT SIK 0Z—01 SAIAINS SPIIS JO %GT <

000C—0001

uononpoidar dATILIAZIA

SIK G-7
's1A 71 A[uo 10§
sornSedouid a1qera saonpoid juerd amiey

SIA 07—0T SAIAINS INq A[IGeIA JOMO]
10 ‘108 UI SIA O[—G QAIAINS SPIJS JO 9467 <

0001-09

(uoneurfod sso1d pue J[9s) [BNXaS

Amieur [enxas

[oea1 01 SIA G UBY]) 191BIID)

14 1 A[uo 103 sarndedord

s1qera saonpoid jueld arniepy
saonpoidar Ajoane1adaa YO
s1A QTG 2AIAINS Inq AN[IqEIA
19MO] 10 ‘SIA G> SAIAINS SPIIS
0S Ueyl SS9

uoneurjod

J19S YO SSOID AP INq [BNXIS

Aunyeuwr
®>EU3UOHQUM QUNUH O] awWII],

potiad aanonpoidoy
£11a98uo] paog
sonSedoid jo roqunN

w1sAs aanonpordoy

uononpoiday

1 ueyl a1ow 01 9[qndadsns jou

(o117 ‘Sur8orrorep 1501 ‘y3noiq)
JO 7 1se9] 1k 01 Juelsisal A[YSTH
ur10J 9J1] dwres Jo saads 19y10 1sowr
Pa90xa [[1m Jey) k1 yimoid pidey

$109sUT /S[ewWIUE Aq UIED 10U SE
oinssaid Surzeid Aaeay Aq painoaeq

syued oo [e Sur

1 1S€9[ 38 03 9[q

-ndoosng " (Surd3or1o1ep\ pue 2117 1501
9y8noI(q) Jo 7 1sed] 1e Jo JueIa(0l A[YSTH
w10y 9JI] dwres Jo sapads aannaduwod
renba [11m 1ey3 yamoid prder A[oreIopoy

a1nssaxd £10A1q19Y 19puUN SULIOMOTJ
Jo 9[qede) Apypmb s1oa021 1nq pawns
-u02 10 pai1gjaid-uou Ing pawInsuo))

syuerd

7 15B9]

1€ 01 9]qnidodsns pue g 1Se[ 18 01 JUBID[O],
WLIOJ-9J1] duIes Jo saroads

Auewr UBY) SSI] 91BJ IMOIS WNWIXE

uononpoid syndedoid aane1sdaa jo sjqedes

[ms 1nq A10A1q19Y Aq paiqryur A[3uoms uon

-onpo1doy A[MO[S SI9A0DI PUE PIWNSUOD)

7 1se9] 1e 01 9[qndad

-SNS ‘SSAIIS T JO JUBIS0) AN
saads 1oy10 Auewr Aq
Papa9dXa 3q [[IM ‘UYImoId MO[S
paruanaxd

Apanus uononpoidar 10 A10A1q
-I9] 91BI9pOW Aq pateurwi[g
"S9IOAIGIY JO POOJ PATIdYRIJ

21y ‘3urd3o[ 1o1eMm ySnoIp
9so1y 01 syuefd paysiqel
-$9 JO 9DUBIJQL, SSONS

97el 1Mo [RULION

ainssaid
£10A1qI97] 91€19[01 01 AIN[IqY

-nqrqur santadoid osryredoarre Jofey swos Sunoayye santadod sryredofarry sanuadoid Jourpy SUON sansadoid oryredofary
onienbe rwas pue onenby sjueld snourwinga| ‘sasseln s1adoa1d 10 JRqUII) ‘s91Lydoan SO WLIOJ 9JIT
Aiiqe aannadwod /yimoin
sarnised paysiqel
(spueyreay ‘ourdre ‘@a[ew  -sa-TPm ul YO sdoid Surmord ArsnoroSra sdom Ayared 10 Sutmoid sorads jueld 1oy10 JudwysI|

89)" swa1s£s009 [eINIBU PIgIN]
-sIpun pue AY1[eay Ul SaYSI[qeIsT

*$10108]
[eUONIPPE INOYIIM [SI[qRISI UBD)

J[qe[IeAE ST I9TEM JOADUDYM
own Aue Je 1001 195 /LIS JO JeUTW
-198 ued goreururrad onsrumaoddo

ur ‘SuI91SAS09 [eIN1BU POgINISIP JOUTW
A[uo 10 10BIUT A[9ATIB[OI UT SYSI[qEIST

JI9A0D TONI]
/Adoued a1eropowr Iopun ysIqelsa ue)

1001 195 /3Un|LIS
/ UoneuruIag 10y sanjetodwal yons
S9OUBQINISIP [BUOSEIS JeInIeu sarrnbay

Aj100d /samised pazeidrono ur Jo suralsAs

-009 [eanIeu paqanisip AySIy ur saysIqeIsy

[Tejures 10211p pue 1yS1[ 03 SS90

ym punoid areq Jo aoeds uado 99 ysijqeiss

01 syuawainbar oyads arowr sarmbay

(-o1y ‘Surpooyj) 8o ‘uoneuIIag 10J SIUIAD
[eINJBU UOTUTIOOUN JO [BUOSBISUN sa1mbay

woJy uonnadwod ou Jo 31|
1M parmbar 9oueqInIsIp JofeN
poppe

A[o1R19qI[9p 218 JBY] 191eM pUB
1USLIINU SB YONS S10198J dy1dads
A19A pue [euonippe sarmbay
Sreurunogd

01 WR1SAS ) JO A1 [enuue

ue Jo 11ed 10U a1® JBY) SI1010E]
[BIUSWUOIIAUD dI122ds saxmbay

-qe1sa 3ur[pasas 10j paimbai
ST 90UBQINISTP YoNW MOH

syuawaImbaz
JuawysIqelsy andedoid

/3ur[pasg

syuswaambar
sondedoid /uoneururon

JUdWIYSI[qeIST

(H) Ye21y1 159USIH

(HW) Y31y wnipay

(N'T) mof wnIpay

(T) 1B211]1 1S9MO]

Sunes Lirsuaiug

eL111) /dnoin

JUIWISSasse wcﬁ‘mu %u_mﬂwuﬁi Ul pasn BLISILID SSOULAISBAU] " 9[qEL



160 Lina Straigyté et al.

Table 2. Impact score criteria and weight for evaluating influence of the plant

Criteria Weight
Social (Tourism, Visual aesthetics, Experience, Cultural sites)
1. To what extent does the weed restrict human access? 0.025988
2. To what level does this weed reduce the ‘tourism / aesthetics/ recreational use of the land? 0.047162
3. To what level is the plant injurious, toxic, or spines affect people? 0.01435
4. How much damage is done to indigenous or european cultural sites? 0.0125
Natural resources — soil, water & processes
5. To what extent does this weed impact on water flow within watercourses? 0.041625
6. To what extent does the weed impact on water quality (ie. Dissolved 02, water temperature)? 0.083375
7. To what extent does the weed increase soil erosion? 0.075
8. To what extent does this weed reduce the biomass of the community? (nb. Biomass acting as a carbon sink) 0.005
9. To what extent does the weed change the frequency or intensity of fires? 0.045
Fauna and flora / vegetation & EVCs

10. To what extent does this weed impact on the vegetation composition on the following:

a. High value EVCs 0.081991

b. Medium value EVCs 0.049780

c. Low value EVCs 0.014641
11. To what extent does this weed effect the structure of a vegetation community? 0.069062
12. What effect does the weed have on threatened flora spp.? 0.060775
13. What effect does the weed have on threatened fauna spp.? 0.05474
14. What effect does the weed have on nonthreatened fauna spp.? 0.026329
15. To what extent does this weed provide benefits or facilitates the establishment of indigenous fauna? 0.023056
16. To what extent is the plant toxic, its burrs or spines affect fauna? 0.01666

Flora and fauna/ fauna /pest animal
17. To what extent does this weed provide a food source to assist in success of pest animals? 0.011186
18. To what extent does this weed provide habitat / harbor for serious pests? 0.016779
Agriculture - quality, quantity, cost to production, effect on land value

19. To what extent does this weed impact on the yield of agricultural produce? 0.0189
20. To what extent does the weed impact on agricultural quality? 0.0324
21. To what extent does this weed affect land value? 0.054675
22. To what extent does this weed cause a change in priority of land use? 0.1008
23. To what extent the presence of the weed increases the cost of harvest? 0.011925
24. To what extent does this weed act as an alternative host for diseases? 0.0063

The Pest Plant Prioritisation Process (PPPP) is a
prioritization process or risk assessment, based on
the Analytic Hierarchy Process (AHP) (Saaty 1995;
Weiss and McLaren 2002) that ranks weeds by: as-
sessing the plant invasiveness; comparing the pres-
ent and potential distribution of plants; assessment
of plant impact on social, economic, and environmen-
tal values. The PPPP is therefore expressed as a hi-
erarchy, the components of which are weighted (us-
ing AHP) to allow the determination of a Pest Plant
Assessment score for individual species. Experts
determined a preliminary ranking of the three sub-
components of the PPPP (Weiss and McLaren 2002).
The basis of the weighting was that invasiveness was
considered less important than distribution, which
in turn was considered less important than impact.
The Pest Plant Assessment score is expressed as: PPS
= a (Invasiveness score) + B (Present:Potential Dis-
tribution) + y (Impact), where o (0.12), B (0.32), vy
(0.56) are weightings of the subcomponents (Weiss
and McLaren 2002).

The scored intensity ratings for each criterion and
their weightings where calculated to produce a final
invasiveness score (eqn. 1):

Invasiveness score = £ ((Group weighting x
x Criterion weighting) X Intensity rating)

Criteria weights were rated by experts, valuation
fixed. Assessment of plant invasiveness was done
by evaluating biological and ecological characteris-
tics such as germination requirements, growth rate,
competitive ability, reproduction ways and dispersal
mechanisms. Intensity rating for every group is de-
fined by assessment of species characteristics (Table
1). Assessments have been done by literature analy-
sis, observation of urban greenery and riparian zones
in Riga and Kaunas, where Acer negundo grows and
spreads.

Present distribution was determined based on the
results of inventory data of urban parks in Riga (Puka
et al. 1988) and field assessments during summer
2014, as well as inventory data collected on woody
plants in the green areas of Kaunas in 2011-2014.
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The ratio of present to potential distribution pro-
vides an indication as to the stage that the spread of
alien tree species has reached.

Assessment of plant impacts was determined by
the extent to which a species affects environmental,
economic and social resources. Species influence was
evaluated according to 24 criteria (Table 2), rating
them by intensity differences (Weiss and McLaren
2002), based on the following formula (eqn. 2):

Impact Score = ¥ (Rating x Weight)

Assessments were based on literature analysis,
field observations in Riga and Kaunas, as well con-
sultations with ecologists, biologists and foresters.

The final stage of PPPP is to apply the results of
invasiveness, distribution and impact assessments to
determine the relative importance of weeds by cal-
culating a Pest Plant Score. The formula (eqn. 3) for
calculating the Pest Plant Score is:

Pest Plant Score = o (Invasiveness score) + B (P/P
Distribution) + y (Impact)

To assess plants for invasiveness and impact, in-
formation from our and other research results were
used. Where some information was missing, likely
responses were estimated.

Results and discussion
Invasiveness score of Acer negundo

Invasiveness can be defined as the ability to es-
tablish, reproduce, and disperse within an ecosys-
tem. Plant propagules arrive at a new site with cer-
tain inherent characteristics that previously enabled
their successful survival and continued reproduction
throughout their evolutionary history (Table 3).

The studies reveal that A. negundo suffers from
polluted urban air, has higher crown defoliation and
is less healthy in Kaunas city (Stravinskiené 2010).
Because of these properties, this maple is not suit-
able for urban greening and planting along roads.
However, it quickly spreads and is healthy in ripar-
ian zones. The spread of A. negundo on the banks of
the Kaunas Reservoir were observed at low (<1.5
m) bank heights (Zalkauskas 2000). Seedlings can
establish and grow in shaded environments (Wilson
1970).

In its native region, establishment of box elder is
strongly dependent on high flows and is adversely
affected by river regulation that reduces peak flows
(DeWine and Cooper 2007). Rivers in Latvia and
Lithuania have high peak flows every spring (data
according to State Ltd “Latvian Environment, Ge-
ology and Meteorology Centre”). The water level in

Table 3. Invasiveness rating for Acer negundo, according to criteria

Criteria Comments Rating*
Establishment

1. Germination requirements Seeds germinate in spring. Seeds show dormancy (Roe 1941; Irving 1968; Olson & MH
Gabriel 1974; Cram 1983)

2. Establishment requirements Occurs in moderate litter, herbal cover. MH

3. Disturbance requirements Establishes in riparian zone, abandoned farms, derelict house land MH

Growth/competitive ability

4. Life form Low tree form, often have multiple stems, average age of 60 years, sometimes — 100 L
years (Green 1934).

5. Allelopathic properties Roots, leaves made moderate effect (Kolesnichenko and Spakhov 1969) M

6. Tolerates herbivory pressure Not eaten by animals H

7. Normal growth rate Shoots rapid growth in the young, increasing 1.5-2 meters. Gap colonising tree H

8. Stress tolerances Highly resistant of frost, drought, tolerates many soil types, pH range 4.4-7.9 pH MH
(USDA). Survive inundation for as long as 30 days (Hosner 1960). But suffer from
polluted urban air (Stravinskiené 2010)

Reproduction

9. Reproductive system Reproducing by seeds, after cutting, abundant stump suckers. Monosexual MH

10. Propagule production 70 thousand seeds (Valantinaité et al. 2011).

11. Seed longevity Seed viability maintained for 1-2 years in hermetic storage at 2°C to 5°C with 10— L
15% mc (Olson & Gabriel 1974)

12. Reproductive period Mature female tree produce new growth each spring, more fertile years is repeated H
every few years

13. Time to maturity Tree does not flower until 8-11 years old (Schopmeyer 1974) L

Dispersal
14. Number of mechanisms Propagules spread by wind, water. Thousand seed weight is 40 gto 70 g MH
15. How far do propagules disperse River could disperse seeds many km H

*Rating: L — lowest threat, ML - medium low, M — medium, MH - medium high, H - highest threat.
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Table 4. Determination of Invasiveness score in Riga and Kaunas

Group Criteria Rating Weight* Impact
Establishment
Germination requirements? 0.75 0.0425 0.0319
Establishment requirements? 0.75 0.3355 0.2516
Disturbance requirements? 0.75 0.122 0.0915
Growth/competitive ability
Life form? 0 0.00576 0
Allelopathic properties? 0.5 0.00864 0.0043
Tolerates herbivory pressure? 1 0.0456 0.0456
Normal growth rate? 1 0.018432 0.0184
Stress tolerances? 0.75 0.01776 0.01332
Reproduction
Reproductive system? 0.75 0.005593 0.004195
Propagule production? 1 0.05474 0.05474
Seed longevity? 0 0.030464 0
Reproductive period? 1 0.012019 0.012
Time to reproductive maturity? 0 0.016184 0
Dispersal
Number of mechanisms? 0.75 0.094572 0.070929
How far do propagules disperse? 1 0.189428 0.1894
0.788

* Weight valuation fixed, evaluated by experts.

the Nemunas River fluctuates constantly due to the
impact of the Kaunas hydroelectric station. This indi-
cates that in the future, box elder will spread to new
riparian zones.

Another factor which affects the spread of box el-
der in urban territories is wind. It is difficult to clearly
distinguish the effect of wind only, as birds and ani-
mals also spread seeds. The impact of wind is smaller
than that of water, as the furthest detected seedling
was 100 meters distant from the parent tree, and wa-
ter carries seeds for longer distances (Valantinaité et
al. 2011). The spread of alien species is assisted not
only by water, wind, animal and birds, but also is ac-
celerated by growing trade, tourism and cross-border
freight transport. Invasion of Acer species is enhanced
by soil biota associated with dominant native species
and the soil biota effect becomes more inhibitory as
the Acer species becomes established (Reinhart and
Callaway 2004). Determination of Invasiveness score
is shown in Table 4.

Results show that the invasiveness score of 0.8 for
A. negundo is very high.

Invasiveness of woody plant species in disturbed
landscapes is associated with small seed mass (<50
mg), a short juvenile period (<10 years) and short
intervals between large seed crops (1-4 years) (Re-
jmdnek and Richardson 1996). A. negundo have all
these characteristics; seed mass is small (thousand
seed weight is 40 g to 70 g), trees have a short ju-
venile period (they start to flower at age 8-11), and
short intervals between large seed crops. Winged sa-
mara enables long distance dispersal of seeds. Long
reproductive periods also seem to be associated with

invasiveness (Reichard 1994). A. negundo have long
reproductive periods, with trees on average living 60
years, with some trees living up to 100 years.

Evaluating the present compared to
potential distribution

Current and potential distributions are another
major component required in the decision support
system and AHP to predict the status of a weed. All
species are more invasive in regions that are climat-
ically similar to their native environment. A.negun-
do USDA hardiness zones are 2-7. The territory of
Riga and Kaunas is located in the 5% to 6 hardiness
zones. This means that the winter climate in Riga
and Kaunas is very suitable for this species. Accord-
ing to the Riga inventory data, A. negundo is distribut-
ed throughout most of the city areas and is recorded
in 43% of the parks (Fig.1).

Fig. 1 present the distribution of all trees, planted
as ornamental and unassisted spread. Most of new
seedlings grow near the Daugava River in sparse-
ly covered areas, where they have a high potential
for spread of propagules. In Kaunas (Fig. 2), a high
abundance of A. negundo individuals grow in the ri-
parian zones of the Nemunas and Neris rivers. As an
ornamental tree, this species has a very frequent oc-
currence (58%) in public parks and squares. During
the last years, A. negundo has been eradicated in some
riparian parks of Kaunas. However, during spring fol-
lowing removal, a new infestation of A. negundo prop-
agules was observed, as not all female riparian trees
had been eradicated.
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Table 5. Intensity rating for evaluating the present compared to potential distribution

Rating Weight Regional Rating
Very high 1 Infestation(s) that are able to be eradicated with no chance of reinvasion from outside of area of control.
High 0.85 Infestation(s) that are able to be eradicated with some chance of reinvasion
Medium high 0.71 Several small infestations beyond eradication
Medium 0.57 A large partially dispersed infestation or few widely scattered small infestations
Medium low 0.42 Numerous large dispersed infestations or lots of scattered small infestations.
Low 0.28 The majority of region infested with some large areas still “clean” (more “clean” areas than infested)
Very low 0.14 The majority of region infested with some smallish areas still “clean” (less “clean” areas than infested)
Extremely low 0 Reached full potential — but may increase in density within infested area

Potential distribution of A. negundo in the both cit-
ies could be characterized as medium high with an
intensity rating weight 0.71. A characteristic feature
of this species is reinvasion, especially in riparian
zones, after cutting. Intensity ratings for evaluat-
ing the ratio of present to potential distribution are
shown in Table 5.

According Hofle et al. (2014), the probability of
occurrence for A. negundo was higher in areas with
a close proximity to water and in areas which were
located in softwood floodplain forests. Kaunas and
Riga have areas with these characteristics.

Table 6. Social, environmental and economic impact rating

The spread of many alien species is heavily depend-
ent on human activity (Panetta and Scanlan 1995).
Newly sprouted A. negundo seedlings were found in
high abundance in waterside areas of Kaunas, which
are influenced by different types of human activity:
creating an embankment, dumping of sand dredged
from the Nemunas River. These activities facilitate A.
negundo to replenish its potential distribution. Distur-
bance increases plant invasions by providing suitable
microsites for germination and seedling establish-
ment and by increasing light and nutrient availability
that enhance seedling survival and growth (Hobbs
and Huenneke 1992). Some riparian weeds may oc-

Criteria Comments Rating
1. Restrict human access? Would not hinder human access L
2. Reduce tourism? The species is cultivated as ornamental tree in cities L
3. Injurious, toxic, or spines affect people? Not toxic and spines L
4. Damage to cultural sites? Riparian spread of maples create a negative visual impact on cultural sites LM
5. Impact on water flow? Established trees on inundation can stay longer 85 days (Friedman & Auble M
1999)

6. Impact on water? Can effect on water quality M
7. Increase soil erosion? Not increase soil erosion L
8. Reduce the biomass of the community? Biomass of the community may increase on the slopes of the riversides L
9. Change fire regime? Not impact on fire in cities L
10. To what extent does this weed impact on

the vegetation composition on the following:

a. High value EVCs EVC = Floodplain Riparian Woodland. Major displacement of some domi- MH

nant sp.

b. Medium value EVCs EVC= Sedgy Riparian Woodland. Gradual displacement of some dominant M

sp.

c. Low value EVCs EVC= Riparian Scrub Minor displacement of some dominant sp. ML
11. Impact on vegetation community structure? Affects all levels — ground cover, shrubs, M
12. Effect on threatened flora? Not recorded in the cities flora L
13. Effect on threatened fauna? Effect unsighted L
14. Effect on nonthreatened fauna? Unknown negative effect L
15. Benefits fauna? Provides some food and shelter for birds, mammals MH
16. Injurious to fauna? No effect L
17. Food to pest animals? Provides the minimal food for pest animals. ML
18. Provide harbour? Provide harbour for rabbits, foxes H
19. Impact yield? Little impact on quantity of yield. L
20. Impact on agricultural quality? Negligible impact on quality of yield. L
21. Affect land value? Not affect land value L
22. Change land use? No change L
23. Increase harvest cost? Minor increase, if need to cut shoots ML
24. Disease host? No host L
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cur along small rivers, streams and water channels.
This is a major limitation when predicting their po-
tential distribution. Other non-riparian weeds are
recorded as occurring along roadsides and in forest
gaps. The present compared to potential distribution
of Quercus rubra in Lithuania was evaluated with a
medium intensity rating (weight 0.57) (Riepsas and
Straigyté 2008). The spread of this species is limited
by soil fertility and density of grass cover.

Determining the social, environmental
and economic impacts

The next stage of the PPPB before calculating a
Pest Plant Score, is to determine the social, environ-
mental, and economic impacts of pest species. Cri-
teria ratings for determining A. negundo impact are
show in Table 6.

The highest rating is for the criterion that A. ne-
gundo provides shelter and benefits for fauna. The
influence of this species on soil is unknown, as leaf
litter decomposes faster than other leaf litter of oth-
er maple species (JanuSauskaité and Straigyté 2011).
The influence of A. negundo on other plants seems
not to differ too much from the impact of other trees.

Our results revealed (Table 7) that the impact
score is low (0.23).

Pest Plant Score

The final stage of the PPPP is to apply the results
of invasiveness (Table 4), distribution (Table 5), and
impact (Table 7) assessments to determine the rela-
tive importance of weeds by calculating a Pest Plant
Score.

Pest Plant Score = 0.12 x 0.788 + 0.32 X 0.71 +
0.56 x 0.23 = 0.4506

Table 7. Group and criteria ratings for determining impact of Acer negundo

Criteria Rating Impact
Social (tourism, visual aesthetics, experience, cultural sites)
1. To what extent does the weed restrict human access? 0 0
2. To what level does this weed reduce the recreational use of the land? 0 0
3. To what level is the plant injurious, toxic, or spines affect people? 0 0
4. How much damage is done to indigenous or European cultural sites? 0.25 0.003
Natural resources — soil, water & processes
5. To what extent does this weed impact on water flow within watercourses? 0.5 0.0208
6. To what extent does the weed impact on water quality? 0.5 0.0417
7. To what extent does the weed increase soil erosion? 0 0
8. To what extent does this weed reduce the biomass of the community? 0 0
9. To what extent does the weed change the frequency or intensity of fires? 0 0
Fauna and flora / vegetation & EVCs
10. To what extent does this weed impact on the vegetation composition on the following:
a. High value EVCs 0.75  0.0615
b. Medium value EVCs 0.5 0.025
c. Low value EVCs 0.25  0.0037
11. To what extent does effect the structure of a vegetation community? 0.5 0.0345
12. What effect does the weed have on threatened flora spp.? 0 0
Flora & fauna/fauna
13. What effect does the weed have on threatened fauna spp.? 0 0
14. What effect does the weed have on nonthreatened fauna spp.? 0 0
15. To what extent does this weed provide benefits or facilitates the establishment of indigenous fauna? 0.75 0.017
16. To what extent is toxic, its burrs or spines affect indigenous fauna? 0 0
Flora and fauna/ fauna /pest animal
17. Does this weed provide a food source to pest animals? 0.25  0.0028
18. To what extent does provide habitat / harbor for serious pests? 1 0.017
Agriculture - quality, quantity, cost to production, effect on land value
19. To what extent does this weed impact on the quantity of produce? 0 0
20. To what extent does the weed impact on agricultural quality? 0 0
21. To what extent does this weed affect land value? 0 0
22. To what extent does this weed change in priority of land use? 0 0
23. To what extent weed increases the cost of harvest? 0.25 0.003
24. To what extent does this weed act as a host for diseases of agriculture? 0 0

Impact score: 0.23
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The obtained index of 0.4506 shows that A. ne-
gundo has a medium Pest Plant Score. However, this
index is one of the highest compared with the results
of previous studies on various alien tree species in
Lithuanian forests, e.g., Quercus rubra — 0.3626 (Rie-
pSas and Straigyté 2008) and Acer pseudoplatanus —
0.3537 (Straigyté and Baliuckas 2012).

Rating may differ depending on habitant category,
status of protected territories, historical places and
etc. If invasive plants grow near protected territories,
they can cause additional threats other than those in
urban areas. In national parks, alien plants are gen-
erally undesirable. Rating priorities should be deter-
mined for separate regions taking into account the
prevailing functions of the territories.

Conclusion

Acer negundo is the most distributed alien maple
species in parks and greeneries in Riga and Kaunas
and it has a very high invasiveness score. Dispersal is
facilitated by movement along rivers. Their ability to
survive spring flooding makes them successful com-
petitors with other tree species. After cutting, they
have the ability to regenerate from the stump, form-
ing multi-stemmed trees. The obtained estimates in-
dicated that box elder was spreading rapidly into new
riparian habitats. Box elder has a low social, environ-
mental and economic impact in the Riga and Kaunas,
and does not have a large influence on agriculture:
quality, quantity, cost to production, effect on land
use and value currently. However the rapid dispersal
of A. negundo could significantly influence flora, plant
species composition and biological diversity in Riga
and Kaunas in the future. In general, after evaluating
all characteristics this species has a medium impor-
tance pest plant score.
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