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"'- Is there a taxonomic pattern to plant invasions?
~
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282-294.

Alien floras of 26 regions distributed over the globe and covering a variety of habitats
were analysed to assess the role of plant families and higher taxonomic units. Alien
species were recorded in 164 families. The highest concentration of families contain-
ing aliens was recorded in Caryophyllidae (namely Caryophyllales) and Asteridae.
The largest families (Gramineae, Compositae, Leguminosae, Cruciferae) contribute
most to the total number of alien species in local floras. In relative terms, i.e. related
to the species pool available as potential invaders, the best invaders belong to
Papaveraceae, Chenopodiaceae, Amaranthaceae, Cruciferae, Polygonaceae and
Gramineae. Some families depend largely on deliberate introductions of crops and
omamental species, while the representation of others is enhanced when Doly
accidental introductions are considered. The adventive distribution of families, i.e.
the regions juto which their members tend to invade, reflects their natural distribu-
tion. Particular families tend to invade in the regions with conditions similar to those
from their native area. The most successful families possess specific features that
could be attributed to their invasiveness. However, there is no simple morphological,
physiological or ecological character that could be generally related to the invasive-
ness of the family.

P. Pyšek, lnst. oj Botany, Academy oj Sciences oj the Czech Republic, CZ-252 43
Prùhonice, Czech Republic (pysek@ibot.cas.cz).

Various efforts to generalize the information available misidentification and the absence of agreed taxonomy
on invasive species have been made, mostly concerned between countries (Heywood 1989, Palmer et al. 1995),
with analysing their biological and ecological propertíes and difficulties concerning the assessment of species
(Newsome and Noble 1986, Noble 1989, Roy 1990, immigration status (Webb 1985, Pyšek 1995a) it seems
Pyšek et al. 1995, Thompson et al. 1995, Williamson useful to analyse the available information.
1996). Attempts have also been carried aut to attribute The membership of a particular family reflects a
the invasiveness of a species to its taxonomic position, species' evolutionary history and the biological proper-
i.e. the higher taxonomical units, and it has been sug- ties that may be expected to affect its performance
gested that taxonomic composition of alien floras is a under particular ecological conditions. The same fea-
distinctly non-random sample from the pool of avail- tures that made it possible for evolutionarily advanced
able immigrants (Crawley 1987). However, the studies families to dominate the present-day world vegetation
available so far on this issue (Crawley 1987, Rejmánek could be expected to enhance their success as invaders
et al. 1991, Weber 1997) analysed a single data set from (Heywood 1989). However, quantitative data are
one region. Heywood (1989) put the issue into a needed to test this prediction and a proper relative
broader perspective and pointed out that any global measure must be applied since a high absolute number
survey of the pattern and extent of invasion is bound to of invaders may reflect only a high number of represen-" be anecdotal to a degree because of the extreme diver- tatives of a given family in the world flora.

: síty in the sources and unreliability of the available The majority of papers on plant invasions focus on
data. Despite special taxonomic problems associated the taxonomic level of species; this paper analyses the

~ with alien species such as increased possibility of issue from the viewpoint of higher taxonomical units,
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Fig, 1, The world showing geographicallocations of a1ien floras ana1ysed in the present paper, See Tab1e 1 for numbering and
characteristics of particu1ar regions,

families in particular (see also Williamson and Brown urban habitats. Nevertheless, the majority of studies
1986, Crawley 1987, Heywood 1989, Weber 1997). It represent complete species list from the whole area, thus
aims to (1) gather scattered data on the participation of covering all habitats (Table 1).
particular families in the alien fioras worldwide, to In each data set, I cla1;sified species into Íamilies
assess (2) the invasive potential of particular families, following Cronquist's system (Mabberley 1987) and
and (3) geographical and ecological factors affecting calculated the percentage contribution of the family to
their success in various parts of the globe. Special the total of the respective alien fiora. The average value
attention is paid to European species for reasons that was then calculated for each family and taken as a
are both historical (the most pronounced plant inva- quantitative measure of its proportional representation
sions have their roots in Europe, e.g. di Castri 1989) and in the world's alien fioras. Only those families whose
ecological (European species are considered to have proportional representation in alien fiora in at least one
high invasive potential). data set either (a) reached at least 3% and/ar (b) were

represented by at least 10 alien species were analysed in
more detail. This screening yielded 40 families (Table 2).

Data sources and analysis The immigration status of the species was taken from
the original source (Table 1). Throughout the text, the

I gathered complete lists of alien species from 26 regions terms alien and invasive are equivalent (Pyšek 1995a).
(Table 1, Fig. 1). When comparing alien fioras, one Proportional representation of particular families in
must cope with the different approach of particular the world fiora was calculated on the basis of species
authors to alien species; this is particularly difficult numbers given by Mabberley (1987). For the European
when working with standard fioras (Webb 1985, Hey- fiora, the data were obtained by calculating species
wood 1989). For that reason, only studies dealing spe- numbers in Flora Europaea (Tutin et al. 1964-1980); in
cifical1y with alien species and providing their complete species-poor families (up to 15 species) introduced spe-
lists were considered. The data vaTY in terms of geo- cies were excluded to obtain exact data on the native
graphical location and climate, and provide a reason- species pool whereas in large species-rich families the

.. able global coverage. They include major bot spots of aliens were regarded as contributing negligibly to the
plant invasion in the contemporary world (see Pyšek total species number and hence were neglected.
1995b). Hence they provide insight into the variety of For each data set (region) considered, I gathered

:c alien fioras all over the world (Table 1). The regions information on continent, latitude, mean annual tem-
considered also vaTY remarkably in area (Table 1). This perature and annual precipitation. The latter two were
is not a limitation to the purpose of the present study obtained (if not given in original sources) from climate
since it is focused on proportions. Further, being aimed diagrams (Walter and Lieth 1967) by computing the
at obtaining data from a wide range of environments, average values from climate diagrams of all stations
the present study considers both data from natural and located in the area to which the list of aliens was related.

OIKOS 82:2 (1998) 283



~
E

~
 

--
.5 :E

 ] 
00

o"'", 
~

""~
.'=

 
-

., .- 
M

-, 
,'" 

o, 
.'=

.D
"... 

o, 
u 

-
.;; 

~
 

=
 

- 
'" 

~
'" 

.D
~

'
o-'" 

- 
'i) 

=
'-0-

o. 
~

 
=

 
o, 

- 
00 

o 
r- 

., 00 
o 

.-
'" 

- 
0,:=

00 
0,00 

0, 
o, 

'"-:;" 
o, 

- 
",0\ 

O
\o,t-x:o,.'=

.- '""2 
o, 0\ 

U
 - 

- - 
~

, - 
<

~
.~

 o 
- ~

 S
\ 

-a 
a 

t 
~

:8 ~
 

N
 

.!.
~

'" 
I 

0, 
U

'" 
=

=
 """ 

=
 

. 'O
 

Ir)"
...0 

"'-"-."" 
N

 
., 

=
","3- 

r-a 
-

.,"3 
'=

 
o, 

Ir) 
"N

Ir) 
00 

O
O

N
~

" 
""-' 

~
 

r-o,,~
~

.,... 
""3~

0080\r-.,,0,00-0, 
000\ 

.".".,,'i) 
o,r--~

"'.'=
=

 
~

 
.D

S
\~

-o,-o,o,o,_r-o,o,"'-"3=
 

~
~

ooo,~
- 

~
 

., 'i) = - .,.- - g - - 0\ =
 ~ - - =

 g =
 "'"5 

~
 0\ o, - t'"

-š E
 d. 

8'§ 
~

:2.S
 E ~ §.g t t: 

~
 - ~

 ~
.~

 
°.g 

=
,2; ~ : -: 

jj.D
 

§
~

 "á3 "á3 
g'~

 
8 g "§ §.~

 ~ ~
 'ij 'ij ~

 .E
 ~ "§ "§ ~] 

~
 ~

 ~
 ~

 ~ ~
 ] ~

 ::§ 
~

."
~

~
~

 
00 

~
~

~
<

~
~

~
~

~
~

~
~

~
uuo~

~
~

~
~

~
~

~
~

<
'" 

0'-
=

 
... 

'"

"'0.=
., 

o 
'"

-.,u 
.,

8... 
.-

~
~

~
 

~
=

~
.~

 
~

"",,,.D
 

...
.. 

'" 
...

]8.'=
 

o
'" 

o 
=

 
...

.,,;:'" 
!.'

D
 

.D
",.,,'" 

8
"," 

=
 

=
 

c'-.O
O

O
O

O
O

O
O

V
-M

O
O

c-.O
M

Ir)O
V

Ir)O
O

M
r-Ir)M

Ir)O
O

O
r-1r)

.,~
;.,

Z
N

Ir)'-O
M

'-O
N

Ir)-N
 

ovO
ovovN

N
ovM

M
r-O

V
'-O

M
N

M
.~

 .§ § 
- 

-
0 '" 

'" 
I

=
 

., 
'"

., 
~

 
=

 
.~

~
~

.e 
8-

~
 

=
 

'"

=
.-

=
' 

e
.5 

~
 

o 
;:=

'" 
'- 

'"
~

=
"'., 

...
o~

... 
o

u~
~

 
ci 

Ir)M
M

o,O
O

M
N

'-O
M

O
ovO

Ir)'-O
ovN

r-M
O

V
'-O

Ir)O
V

M
N

r-O
\

~
;:=

=
Z

r-ovO
\'-O

N
O

O
-N

-O
\O

O
V

-M
ovN

r--'-O
O

O
~

N
O

O
r-Ir)M

.- v 
~

 - M
 - - ~

 - - 00 0\ - '-O
 

- - - 
- - 

Ir) ov Ir) - 
N

:=
=

'"
a ~

- 
.,

~
'-"'~

""'=0;0.-

~
.5."á3 

C
' 

* 
* 

*
.D

.a ... 
8 - o, =

 o =
 M

 
'-O

 o 
o 

M
 o 

o 
"'-O

 
ov o 

00 Ir) o 
o 

o 
o - o 

N
 

o
"';'" 

~
 

M
 

~
o~

'-O
r-O

O
-O

O
~

M
r-O

r-O
O

O
O

-O
O

V
O

 
o

'" 
'" 

-=
 

=
 

o 
.::; 

o 
.~

-Ir) 
N

 
- 

o 
ov 

o 
o 

od. '-O
 o 

r- 
ov 

o 
o 

0\ 
N

 
- 

M
 

-
§...=

 
'" 

- 
~

00lJr- 
000 

ovO
O

lJ 
-o 

0,00'-0 
00

.- 
o 

., 
- 

r 
o 

N
 

001r) 
N

 
-001r)

"'=
u 

... 
ov 

O
-O

M
 

0\-0 
O

O
O

M
=

~
=

 
<

 
=

 
=

 
~

 
'-O

'" o .,
..'=

 
'"

"'",""
" 

'"
.",,"" 

."
.- .- :E

 
.,

"3 
;., '" 

:e
.,,"'.'=

 
=

.,=
- 

~
"E

~
"3 

'"

8~
8 

~
 

"3 
"3"3"3

".-0 
.~

 
...=

 
9 

999
... u 

... 
.D

 
=

 
'" 

'" 
=

 =
 =

 
'" 

'" 
'"

,~
 

'" 
-~

~
 

~
---~

~
~

--~
~

~
--

O
~

- 
~

 
- '" 

'" '" ,"-- - - ---
~

~
 

... 
"'=

=
"""""""""""""'=

"""""'~
""""=

=
=

"""
... ., 

'"
., 

"
.D

 
, ,

8:i11 
§ 

'"
=

""- 
.- 

u
Z

;.,"3 
~

 
;.s

..D
 .. 

t 
<

... 
." 

'"
~

 
"á3 ~

o'" 
.'=

 
'"

", 
u

'" ., - 
"bb 

=
 '" 

~
0.;.., 

~
 

o~
 

.,
0'" 

""" 
00<

 
."

=
u., 

=
."

~
"'a 

"'~
.,.'=

 
~

., ~
 '" 

.~
, 

, 
;Y

a 'u 
i:: ~ 

->
; 

00
~

", 
"., 

'-""'0"'"
- 

'" 
"" 

.'=
 

'" 
00 

.- 
."

.,.,;:=
 

.2->
; 

O
""" 

" 
., 

~
, 

, 
=

~
.=

 
=

 
'5 

.~
 

N
 

8 
'"";;' =0

§ 
~

 ~
. 

u ~
 

.5.
...," 

,"u 
=

=
 

"' 
- 

."" 
'"

=
."3 

u'-"' 
",'~

~
 

=
",00", 

o."""",;o~
-

'-"""u 
.,~

v 
", 

, 
o~

 
- 

, , 
"

.,,8.- 
,,0=

 
-.:f:.-~

N
 

'"";;' 
.D

", 
~

;.,;.,=
~

 ~
 'g 

"§; ~
 5 

~
 8~

 
~

 
.~

 
00 

~
 "§; E

 
~

 
"3 .~

 
~

 
'"";;' ~

 §.'5 Š
=

00. 
"'.,~

... 
- 

~
"3 

..""", 
"'§~

oo~
~

=
'-"'o

""" 
~

"'.- 
~

~
u 

.:: 
"'Z

~
'-"', 

,0._7 
'=

""'.'=
'i) - 

:i1 
'-"' ~

 ~
 ",:e.=

.;:J '" 
~

 ~
 § - '-"' 

~
 ~

 ,~
 ~

 co::. 'o .:f:.- u "'>
 

~
."

'" 
g 

.~
 

'" 
-;O

" 
<

 
~

 
o 

=
 

=
"3'" 

~
 

§ 
.:g '-' 

Z
 

.~
 

;., ~
 ~

 
~

 
'o 

] 
-

.:g:6b:@
 

.§ 
a 

~
'3 

§g",.:g 
~

:=
 

t<
~

 
§ 

8.~
.:f:.-'o 

sz 
§u.!:JJ~

:J;:.s
Q

 §-fod 
~

 
..g'~

.3fi:." 8 §E
~

'E
~

 
~

• 
~

gj>
 , ~

<
.~

 8 o-~
ti'§~

..., 
(5 

"3 '" 
:2 

g.D
 

'" 
'" 

o 
=

 
., 

=
 

=
 

o 
~

 
§' 2 ~

..s 
., 

a.- 
.~

,'" 
~

~
-Š

B
~

 
~

 
u~

~
~

u~
~

~
~

zaz<
~

~
~

u~
~

<
~

~
~

~
~

z
~

 
'" 

';";;
.D

,"&
=

 
.

~
 

8;.,0
Zo 

-N
M

O
V

Ir)'-O
r-O

O
O

\O
-N

M
O

V
Ir)'-O

r-ooo,O
-N

M
O

V
Ir)'-O

~
~

 
u 

N
N

N
N

N
N

N

284 
O

IK
O

S
 82:2 (1998)



00=
 

>
-";

~
.,g] 

oD
 

11.

,g] §].~
 

~
~

.- 
=

 
=

"" 
.-

P
,~

 
v=

 
~

8; 
=

 
S

 
00.- 

'-

~
O

~
~

O
O

 
S

o
'"' 

=
 

p,.- 
~

~
.?;-.~

~
~

 
S

~
O

O
~

.- 
~

 
V

 
.- 

oD
 

V
'-' 

S
 

'" 
V

 
S

 
o<

 
.-

=
~

S
~

~
 

~
§~

 
-N

~
O

~
~

~
~

~
~

O
-~

~
-~

~
~

O
~

~
--~

~
~

N
~

~
~

~
~

N
~

O
~

~
~

~
~

~
~

V
~

=
 

~
~

P
, 

~
~

~
~

N
~

~
-N

N
N

N
~

-N
N

 
N

-N
 

- 
- 

-N
-- 

-
V

V
.-=

"" 
~

=
oo 

--
P

,.-=
 

=
O

'" 
00 O

.;j
""'-=

>
- 

~
 

=
~

 
.~

 
.g 

~
 

..J 
.~

~
~

P
,~

 
~

 
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
"" 

=
.~

 
... 

'O
J 

O
 

O
 

~
 

~
 

N
 

~
 

~
 

~
 

~
 

~
 

O
 

~
 

~
 

~
 

~
 

~
 

O
 

~
 

~
 

~
 

O
 

~
 

~
 

~
 

~
 

~
 

~
 

~
 

~
 

O
 

~
 

~
 

~
 

N
 

O
 

~
 

O
 

O
 

~
 

~
=

O
""~

.-=
~

",, 
~

 
O

O
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

N
~

~
~

N
~

~
N

~
oo-V

'" 
-V

 
=

 
--

'C
 

~
 - 

'- 
... 

00

~
~

§~
O

 
=

.?;-
O

 
P

,~
 

'" 
00 

.- ~ 
~

~
""S

ooo"" 
V

=
 

~
'.:0,",~

11. 
'"'~

 
V

N

O
,","'~

'" 
~

oo 
oD

.

00 
V

 
-- 

ao<
:<

'v~
=

- 
oo~

 
;3~

G
~

~
o~

 
~

~
~

Z
s 

~
~

~
~

~
N

N
~

~
~

-N
~

O
O

~
-~

~
~

-~
~

~
~

~
~

~
O

~
N

~
O

-~
~

~
~

~
N

""oo.-=
.Q

j"" 
-- 

'-' 
N

N
N

N
N

N
N

-N
N

N
N

-N
N

-N
---N

- 
- 

--
-=

L.V
~

'è 
V

~
~

,-:.v.-=
O

P
,=

'" 
~

 
o<

 
~

~
N

~
~

~
~

~
~

~
O

~
-~

~
~

~
N

~
~

~
~

~
O

N
~

~
~

~
~

-~
~

~
~

~
~

~
~

N
~

~
8;°E

 
P

, 
~

 
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
o=

~
~

 
~

8; 
~

 
~

~
-~

~
N

~
~

~
~

~
~

~
~

~
~

~
~

~
~

N
~

O
~

~
~

N
~

~
~

~
~

~
~

N
~

~
~

~
-

~
" -"" 

.- ~
 

~
 

N
 - N

 - 
- 

- 
-

"'-O
'"V

 
--

V
 .~

 
::>

 ~
 

~
 

~
 

;=
~

 
v;>

 
... .- 

V
 

<
t:

'-=
v~

;' 
.-=

'-'
=

 
... 

v... 
.

._>
-P

,=
~

 
-~

 
"" 

~
~

~
~

~
~

~
~

~
~

~
~

N
~

O
~

~
~

---~
~

~
~

O
~

-~
~

~
~

~
~

~
~

-~
~

~

oD
O

.-- 
~

- 
~

o~
~

~
--~

~
~

~
~

~
~

~
~

-~
O

N
~

O
-N

~
~

~
~

O
-~

~
~

~
~

O
~

~
~

'"
>- 

oD 
. 

00 
. 

~
""~

~
~

 
=

>
- 

~
 

~
~

~
~

N
~

N
N

 
N

--N
 

O
-N

--O
O

O
--O

O
O

O
O

-O
O

O
O

sv;=
O

oo 
O

~
~

~
<

t:'=
 

.-=
~

~
 

.=
~

 
~

~
 

. 
+

+
+

+
+

+
+

+
 

+
1+

+
+

+
 

+
+

1+
 

11+
+

+
+

 
+

 
I 

I 
1+

+
+

+
 

I
~

o 
~

 
V

0
P

,~
 

~
 

-~
~

N
~

N
~

~
O

-~
~

"'~
~

~
~

-~
O

~
~

~
~

~
--~

~
O

~
~

~
-O

~
~

~
-O

...~
~

;=
 

O
"" 

V
 

~
~

~
-~

O
~

~
~

N
-~

~
~

~
~

~
~

N
N

-O
O

O
~

~
~

~
~

~
~

~
~

~
~

"'~
~

~
-

'-.~
 

oo~
"" 

~
 

O
 

~
 

"'M
oO

 
"'M

 
M

 
N

N
 

N
 

N
N

"';"';"';"';"';"';"';"';"';"';"';"';"'; 
o 000 

o 00 
o o 00 

o o 00 
o

°oo=
v=

 
-'=

 
~

 
--

=
 

~
.~

 
~

 
~

o""~
 

00 
~

.- 
~

 
O

 
V

 
O

t:_oo...oo 
~

O
=

~
=

~
 

~
 

p,N

p,v""ou"" 
0-

O
;:; 

v.- 
~

 
O

 
-

","""- 
'=

 
~

P
,~

~
~

~
 

11 
~

~
~

~
N

~
~

N
O

~
O

~
N

~
~

~
~

~
--~

~
O

~
~

-~
N

~
O

O
O

~
O

O
~

~
O

-O
vN

 
~

~
~

. 
~

 
,~

~
 

~
~

~
"'O

"';"'O
~

~
 

"';O
~

O
M

M
O

N
N

O
N

N
O

O
O

O
O

O
O

O
"';O

O
O

O
O

O
O

O
O

.=
=

t:~
~

... 
":"-'-

E
 

P
, 

=
 

O
 

=
~

 
V

 
O

., 
.- 

~
. 

p, 
., 

~
 

~

""O
'~

O
 

=
 

~

v 
~

v=
 

O
 

~
~

~
"" 

00 
0.- 

g.o
-;=

=
O

~
 

t: 
~

~
<

t:~
~

, 
8. 

~
N

~
~

I 
=

~
 

8; 
g" 

N
~

~
N

O
~

~
"'N

~
-~

N
~

N
~

~
~

~
~

O
~

~
"'-N

~
~

-~
~

~
~

O
N

-N
-"'~

~
.,g~

~
'" 

~
 

;>
~

 
M

oO
-o"';"';O

O
O

N
"';M

O
"';O

"';"';O
O

~
O

"';"';"';O
O

O
O

O
O

O
O

"';O
"';O

O
O

O
O

"';

'è~
p,o...0'-=

0
_=

 
00,",

vv~
vi=

\ 
-

,-=
00 

V
 

.-=
;. 

;'t
...~

O
~

' 
"" 

...oD
P

, 
S

op,_oo-.- 
=

oD
S

 
"" 

""...'"' 
000 

;>
',

.:~
~

]; 
O

 
?J~

~
a~

8aaj~
~

~
~

~
~

5~
~

~
j~

?J~
8l8~

:::>
~

a~
~

5a~
 

la~
~

V
 - 

.- 
O

;=
 

~
 

g. S
 .-

's § 
~

 .~
 

-
~

.~
~

 
~

 8..§ 
] 

§~
 

~
~

~
 

~
 

~
 

~
~

~
 

~
 

~
 

~
~

 
~

-~
 

~
~

~
~

 
S

 ~
 

~
 

~
~

 
~

 § S
 

~
~

- 
~

~
 

~
 

~
 

00

~
 

8. ~
 ] 

.~
.~

 
a 

u 
<

t: ~
 

Q
 

<
t: u 

u 
u 

<
t: <

t: 
~

 
u 

~
 

Q
 

~
 

~
 

<
t: 

~
 

<
t: <

t: <
t: 8 

~
 

~
 

~
 

~
 

~
 

~
 

8 a ~
 

<
t: ~

 
u 

Q
 

~
 a Q

 
~

-ov...~
 

o
.§ 

6.6.?;- 
S

 
p,

...=
oo=

v 
'"'

- 
=

o
... 

.- 
-

~
 

'" 
V

 
00 

... 
'" 

,
p, 

V
 

.- 
>

- 
~

 
"" 

c,
o-.cn 

o 
.-

'-"'~
~

 
'" 

00

O
voo""..; 

V
 

p,
--o~

 
... 

o
~

- 
'" 

'=
 

o 
00 

=

~
~

"2=
.Q

j;::; 
U

 
~

Q
Q

Q
Q

Q
Q

Q
Q

Q
Q

Q
Q

Q
Q

~
Q

O
Q

Q
Q

~
Q

Q
Q

Q
Q

Q
~

Q
Q

Q
~

Q
Q

~
Q

Q
Q

Q

=
oo...vv

.- 
V

 
=

.- 
'-"u 

V
 

~
 

V

=
 

~
~

 
=

oc 
vo 

=
.- 

00 
p,""'- 

o
"',- 

., 
C

IJ... 
.-

~
 

-=
00 

...
... 

o 
';"- 

~
 

~
=

 
00 

V
 

."..
vvv 

- 
""

oooD
;'~

'" 
V

 
aP

,
. 

~
 

S
 

0.5 
~

 
:E

, 
~

 
S

 
00 

8 
~

 
8 

oD
 

0-&
 

00 
-"8 

=
 

=
 

oD
 

oD
 

~
 

p, 
~

 
~

 
'"' 

00 
~

 
00 

S
 

'"' 
-

~
§:+

:"2': 
~

 
~

8~
u~

ea<
t:j~

~
~

~
~

::J58~
~

~
t8u~

8~
68§~

a8~
;E

~
~

:cf~
Z

'i:~
-~

~
""v

~
..."" 

""'u

=
ooov

o...,=
~

p,
.~

 
II"" 

00 
V

 
V

 
V

 
~

o~
".:oo=

 
~

~
~

 
~

v 
~

v 
V

 
V

p, .. 
o .~

 
.~

 
V

 
13 13 V

 
'"' 

~
 

V
 

V
 

~
 

V
 

V
 

V
 

~
 

'"'
8; 

=
 

~
 

'"' 
~

 
v 

~
 

~
 

~
 

g 
.~

 
13 

~
 

~
 

g 
13 

~
 

~
 

v 
v 

~
 

v 
v 

~
 

~
 

~
 

~
 

v 
g

~
 

~
 3 

~
o 

~
.~

 
~

 
~

 
~

:g 
~

~
 

v 
E

..~
 

g 
v 

~
 ~

 
v 

~
.; 

~
 

13 
g 

~
 ~

 
8 

g 
8 

8 
~

 
~

 
~

 
13 13 v 

~
 

g 
13 g 

8

N
 

~
 

B
 

~
 ~

 
.?;- 

.§ 
8.'§ 

~
 

g 
g.~

 
~

 
g.E

 
~

 
§ 

8 
g ~

 
~

 o 
g 

g 
~

.~
 

~
 

g.2 
~

.a 
~

 
g 

13 
g';.a 

~
 

13.8 
~

.2.~
 

~
 

B

~
~

-š~
] 

.~
 

,~
§ 

~
.~

~
] 

~
j~

 
§1!f~

~
~

~
 

§ §:g• 
g ~

~
,~

 
~

~
 

~
~

 
~

~
 

~
~

~
.§'~

 
~

 
~

~
:.3~

E
--.~

B
o~

 
~

 
vU

..JU
cnU

U
"",..Jcn~

~
~

~
,""..JU

~
~

>
~

U
~

v~
oo,"" 

U
U

<
t:_<

t:~
~

~
Z

E
--~

O
IK

O
S

 
82:2 

(1998) 
285



Table 3. Higher systematic units ranked according to the proportion of families containing alien species (based on 26 alien floras
analysed). Data for "invasive" familiesconcern the 40 families most represented in alien floras whose contribution to the alien
flora in at least o~e region ":,,as at least 3% or which were represented by at least 10 alien species in at least Dne region. The
system of Cronqu1st (1981) lS followed. Only orders and subclasses with more than 5 families are listed.

Orderjsubclassjclass Total number of families in orderjclass Number of families with Percentage of families with
aliens aliens

a1I invasive a1I invasive
Caryophyllales 12 10 6 83.3 50.0 :..-

Urticales 6 5 I 83.3 16.7
Scrophulariales II 7 2 63.6 18.2
Solanales 7 4 2 57.1 28.6 ~Myrtales 12 6 3 50.0 25.0 ...'

Sapindales 17 8 O 47.1 0.0
Liliales 15 7 2 46.7 13.3
Violales 24 II I 45.8 4.2
Zingiberales 7 3 O 42.9 0.0
Ranunculales 8 3 I 37.5 12.5
Celastrales 10 3 O 30.0 0.0
Campanulales 7 2 O 28.6 0.0
Rosales 24 6 2 25.0 8.3
Najadales 10 2 O 20.0 0.0
Polygalales 7 I O 14.3 0.0
Laurales 8 I O 12.5 0.0
Ericales 8 I O 12.5 0.0
Theales 18 2 O 11.1 0.0
Magnoliales 10 I O 10.0 0.0
Santalales 10 ":-' , O O 0.0 0.0

--~ ~;:-

Caryophyllidae 14 12 7 85.7 50.0
Asteridae 47 26 9 55;3 19.1
Hamamelidae 24 II 2 45.8 8.3Liliidae 19 8 2 . 42.1 10.5

Commelinidae 24 9 3 37.5 12.5
Alismatidae 16 6 O 37.5 0.0
Rosidae 112 40 10 35.7 8.9
Dilleniidae 78 26 4 33.3 5.1
Magnoliidae 38 II 3 28.9 7.9

Dicots ,::; 313 :""~:';:""" 'Co-' 126 35 40.3 11.2

Monocots 64 26 5 40.6 7.8

These environmental variables were used as predictors in Results
multiple regression testing the factors affecting the repre-
sentation of particular families in alien floras. Data were Representation of families in the world's alien

further analysed by means of regression analysis and floras
analysis of variance (Sokal and Rohlf 1981). . .. o . .

The following measures are used for particular families: ~n total, 164 fam1hes (l.e. 42.3 '10 of the number of !am1l.1es
WorProp (world proportional representation) = number m the worl~ flora) were found to ha:e at l~ast one mvas1~e
of species in the family worldwide divided by the total re~resentatlve some,,:?ere. Regardmg h1gher t~xo~om1c
number of species in the world's flora; EurProp (Eu- U~lt~, these 164 fam1he.s are rather unevenly d1stnbuted
ropean proportional representation) = number of species w1thm the system of h1gher plants. Among Caryophyl-
in the family in Europe divided by the total number of lales and Urticales, alien species are present in more than
species in the European flora; AliProp (proportional 80% of families and in the other 7 orders more than 40%
representation in alien flora) = number of family repre- oftheir families contain aliens. If only "invasive" families
sentatives in the alien flora of the region divided by the (i.e. those 40 with highest representation of aliens) are -. ~

total number of alien species in the region; AliRat (alien cons1dered, Caryophyllales again exhibits a remarkable
ratio) = number of family representatives in the a1ien concentration (Table 3). Consequently, Caryophyllidae
flora of the region divided by the number of species in the represents by far the most "invasive" subclass, both in ,-
fami1y worldwide. terms of complete data and selected "invasive" families.

The phylogenetic lineage of families was established The proportion of families with invasive species is also
according to Chase et al. (1993), using their second search. high in Asteridae. There is no difference between dicotyle-
Families were mapped on the tree (see e.g. van Groenen- dons and monocotyledons in the number of families
dael et al. 1996) with respect to their invasiveness. containing alien species (Table 3).
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.
The distribution of "invasive" families in the phylo- 15

genetic tree is illustrated in Fig, 2, Although invasive (b) Grwn

1 °V:SR~~~BNTEDIVER-REPRESEN'tED
.. '

I' d h h 1 ' c . AS ALIENS
lamlles are scattere over t e tree, some p y ogenetlc ,2 10

E
Solanaceae 5j:

Convolvulaceae m
Boraginaceae '- 5 C

~Scrophulariaceae g. Chen ~c
~Acanthaceae ~ . ~~SOI ~

Lamiaceae ,- por" Ros
Verbenaceae ~ o i "';;
B~ddleJaceae c i I.'i~~~? ;,!r .Blgnomaceae ~ Eri Mel R'*' _. ,i ;~ "11;'1' è. Oleaceae ~ . -" '~i!;.I; , '

~ Gentianaceae :c -5 ;;;.:c
~Rubiaceae ..o I UND:SR~::ENrED I arch ,~Apocynaceae O' UNDE.R-REPRESENrED "

Asclepiadaceae AS ALIENS
Umbelliferae 10

0 1 2 8 9, 3 4 5 6 7
Composltae
Campanulaceae % of world species pool
Primulaceae
Myrsinaceae Fig, 3, The difference between the mean proportiona.I repre-
Ericaceae sentation of the family in alien fioras and its representation in
Theaceae the world fiora (AliProp-WorProp) is plotted on the y-axis,
Sapotaceae On the x-axis, families are ranked according to their represen-
Bals.amlnaceae tation in the world fiora (WorProp), Only families contribut-
O~tallaceae ing at least I % to the world fiora or showing the difference of

i,; E~~~e;r~iaceae at least 1% are displa);'ed, Arac, - Ar,aceae, Asc - Asclep!-
r-L: Passifloraceae adaceae, Asp - Asplemaceae, En - Encaceae, arch - Orchl-

,.,.,;".,'~~ Violaceae daceae, Pal - Palmae; for abbreviations of names of the other
'" ',Jí Celastraceae families see Table 2,

Leguminosae
Polygalaceae
Urticaceae pattern is indicated with the "invasive" families con-
Moraceae d ' C h II'd . d ' h d dRhamnaceae centrate In aryop y I ae an In t e most a vance

Rosaceae groups of Asteridae (in the sense of Chase et aI, 1993).
Cucurbitaceae h ' ' b ' I '
Begoniaceae Further down t e tree, among monocots, InvaSI lIty
Faga,ceae seems to be typicaI of a group of commelinoid
Oxalldaceae . .
Onagraceae famllIes.
Lythraceae The most represented families in the world alien
=:~~~eataceae floras are ranked in Table 2, with Gramineae, Com-
Combretaceae positae, Leguminosae and Cruciferae appearing on top
Rutaceae '

Burseraceae (these appear regularly among the most represented In
Sapindaceae analyses of alien floras from particular regions, see e,g,
Anacardlaceae
Malvaceae Crawley 1987, Weber 1997), The former two are the
Cruciferae auly families present in each alien flora considered
Capparaceae , h h 13 " ' I' " 1Geraniaceae (n = 26), Wlt anot er famI les occumng In at east
Crassulaceae 20 data sets i.e, in more than 75% of alien floras-cccaryOPhYllaCeae '. .
Chenopodiaceae (Table 2), A companson of the proportlonaI represen-
Amaranthaceae tation among alien floras (AliProp) with its proportion
Alzoaceae
Polygonaceae in the world flora (WorProp) (Table 2) reveaIs the
Sp an t talaceae same Iarge families being remarkably over-represented

ro eaceae

Berberidaceae among aliens, whereas others of the world's species-
Ranunculaceae richest families i,e. Rubiaceae and especially Orchi-Annonaceae '
Lauraceae daceae are strongly under-represented (Fig, 3).
Orchidaceae.. lridaceae
Gramineae
Juncaceae Fig, 2, Phylogenetic tree of angiospenn families, showing their
Cyperaceae invasiveness. Phylogeny based on Chase et aJ. (1993), Families

" Bromeliaceae that were considered as "invasive" in the context of the
Commelinaceae present study (i.e, those families whose contribution to the
Z~arabntaceae alien fiora in at least Dne of the regions considered was at least

Ing I eraceae h ' h d b I 10 I ' "
Palmae 3% or w lC were represente y at east a len specles m at
Liliaceae least Dne region) are distinguished by thick lines and hald
Piperaceae type. Only families consisting of at least 500 species are

displayed,
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14 Representation of families among the worlïs
a most aggressive invaders

12
The results presented so far were not taking into ac-

8' count the invasive success, in terms of abundance and~ 10 ab spread, of representatives of particular families. Fig. 5

~ compares the alien floras with the representation of
"O 08 families in the list of Cronk and Fuller (1995), contain- ".
~ ing the worlïs most aggressive invasive species.
II>g) 06 Whereas Gramineae are represented equally, some
c:
.~ families have proportionately fewer aggressive invaders ~
~ 04 (Compositae among them) and others are over-repre-
oS sented (most remarkably Leguminosae) in Cronk and

02 Fuller's list.

00 " " " " " " " " " " " " " " " " " " " "" " " e " " " " " " " " " " " " " " " e ..
~ ~ B ~ ~ ~ S ~ ~ ~ ~ ~ ~ ~ ~ g ~ ~ 1 ~ Effect of mode of mtroductlon on the
~~-2o"cC>--"o.' "oa'EJ, ..E. g. ~ u ~ G ~ ; ~ o. ~ O~ O~ ~ § oe § ~ 8 E performance of famllies
" C "E o " ~ '" C C ::Io. " o. ,," " o

~ o( oe uu u There are profound differences in the frequency distri-
Fig. 4. Families ranked accord.ing t? their .invasiveness on a bution of families when deliberate and accidental intro-
global scale. The measure used IS ratlo of ailens to the pool of. . .
potential invaders (AliRat); mean values of 26 alien floras ductlons are consldered separately (Flg. 6). The
analysed are displayed. Only the 20 highest ranked families are distributions differed significantly between accidental
shown. Means bearing the same letters were not significantly and deliberate introductions into Hawaii (X2 = 154.7 df
different in pairwise comparisons (multiple range analysis, 9 P O0001) A kl d ( 2 =

78 15 df 9 P O000'
1)Tukey's test, P < 0.05). ' <. , uc an X ., , <. ,

and Singapore (X2 = 22.62, df 9, P < 0.01). Some
families are heavily dependent on human intervention,
Leguminosae in particular, blit also Solanaceae,

This measure, however, reflects the absolute number of Rosaceae, Liliaceae, Acanthaceae, Iridaceae and in
species in a family because the over- or under-represen- some areas Gramineae, all of them containing numerous
tation is more apparent in large families (simply be- crops and/ar ornamentals. In contrast, Compositae,
cause their proportional representation in both alien Caryophyllaceae, Amaranthaceae, Chenopodiaceae,
floras and world flora is higher than that of species- Scrophulariaceae, Cyperaceae, and Gramineae in some
poor families and so is the difference between both
measures). 16

Particular families, however, differ in species number 14 OAlientloras
and thus the potential size of the pool of alien species is .Aggressive invaders
different for each family. To find aut whether or not ~ 12

the resulting figures on the proportion of particular § 10
families in alien floras (AliProp - Table 2) are only "c5
reflecting the raci that species-rich families, in global ~ 8

terms, possess more invaders, the data must be com- ~ 6
pared with this pool. Hence the best measure of family ~
invasiveness is a ratio (AliRat) of its alien representa- ~ 4

tives that have naturalized in the given region to the 2
total number of species in the family (Rejmánek et al. O
1991), i.e. to the pool of potential invaders. If this m M m ~ m li! m m M m m m m m m" - "' " " 15 " " '" 8 " 8 8 " "
measure was used, significant differences between ~ 8. ~ ~ ~ !Y ~ ~ ~ ~ ~ ~ ~ ~ ~ ,.

"EE2"~>---",,eo>-usfamilies were revealed by one-way ANDV A (F38 897 = <9 8 ~ () ;jj g. ~ ~ ~ ~ '" ~ ~ o.
, -' c 2:' '" o. o.

7 .28, P < 0.0001). The most successful family, in global B ~ ~ ~ liJ
terms, is Papaveraceae; on average more than 1 % of the ~'

. .. Fig. 5. Total representation of families in the world alien
210 speCles (Mabberley 1987) appear as ahens and thlS floras (mean value from the 26 floras analysed), i.e. the mea-
family differs significantly from all the others blit sure of their richness, compared with their "aggressiveness"
Chenopodiaceae and Amaranthaceae Cruciferae expressed as the representation among the world's most inva-. . .. . ' sive aliens, i.e. those listed by Cronk and Fuller (1995).
Polygonaceae and Grammeae are other faIll1hes wlth a Families represented by at least 2% in any of the two data sets
value exceeding 0.6% (Fig. 4). are shown.
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45 ropean flora contribute to the global invasive pool
~ 40 Oaccidentally disproportionately more than expected from the pro-
# 35 8deliberately . f . 1 .. .1' .

h Id fl§ 30 portlon o partlcu ar lamlles m t e wor 's ara.
~ 25 Using the relative measure, i.e. the percentage of
~ ~~ the total number of European species recorded in the
~ 10 area as aliens, yielded much higher values than com-
ti: 5 paring the total list of aliens in the given area with

O I i I ~ ~ ~ ~ 5 ~ ] t~e world pool (AliRat). (Fig. 7). ~ith .so~e. excep-

~ ~ E j 1 1 ~ i ~ .3~ tlons, however, the rankmg of faIll1hes lS Slmllar re-
"O' o"" ~ ti'. " ~ " W gardless of whether expressed in European or global

Auckland, New Zealand terms; both measures were significantly correlated
~~ Oaccidentally (Kendall rank correlation coefficient) in Auckland

~ 14 8deliberately (P < 0.01), Buenos Aires (P < 0.01), and California
,8 12 (P < 0.05). The correlation was marginally significant
i 1~ in Hawaii (P = 0.063) and non-significant for Chile

!! 6 (P = 0.267).
~ 4
ti: 2

O = . m x x ~ ij I ~ = Table 4. Comparison of families with respect to the mode of
~ t ~ ~ ~ i ~ ~ ! 8 introduction. A relative measure (in %) is given showing
" ~ } ~ G " ~ '- ~ ~ whether the representation of the family among accidental

introductions considered separately is higher (positive values)
Singapore or lower (negative values) if compared to the representation of

30 the family in the total alien flora of the region (= 100%). The
:;: 25 Oaccidentally value -100% means that all representatives of a given family
';;' 20 8deliberately were introduced deliberately. Families showing inconsistent
2 trend are not displayed.
ID- 15c "~ 10 Auckland Hawaii Singapore '

1 5 Alien species number 615 813* 136
O lntroduced accidentally 325 316 77

~ i ~ ~ ~ i i ~ i ~ lntroduced deliberately 295 481 59
E 8.E ~! 2] ~ ~ ~!" ~ ~'.. ~ !" ' o ' ~ ".3 "w < ~ . . ...~ > Famliles supported by accldental mtroductlons:

Fig. 6. The proportional representation of families (AliProp) Amaranthaceae + 89.2 + 114.4 + 32.5
among accidentally vs deliberately introduced alien species Caryoph.yllaceae +89.2 +157.3 +76.6
expressed for three regions where information on the mode Df Composltae +41.2 + 105.8 +41.3
introduction was available. The first 10 most represented Cyperace.ae + 74.7 + 120.5 + 76.6
families (regardless of introduction mode) are shown for each Eup~orblaceae +5,1 +41.5 + 17.7
region. See text for statistics. Rublaceae + 89.2 + .105.8 + 76.6

Scrophulariaceae + 65.6 + 76..9 + 76,6
Urticaceae +89.2 +28.6 +76.6

areas are more strongly represented in accidentally Cruciferae +63.4 +54.4
introduced alien floras (Table 4). Geraniaceae + 89.2 + 114.4

Chenopodiaceae +89.2 +63.7
Juncaceae +26.2 +157.3
Malvaceae +41,9 +63.7

. Onagraceae +41.9 +14.3
European specles as aliens elsewhere Polygonaceae +44.7 + 105.8

Ranunculaceae + 26.2 + 105.8
In those data sets where region of origin was indi- F .1' d b d I 'be . d ... o amlles supporte y e 1 rate mtro uctlons:
cated, European speCles constltute on average 58.9'10 Aizoaceae -100.0 -100.0
of the aliens present which is in sharp contrast to the Crassulaceae - 52.7 -100.0
4.4% contribution of European species to the world Liliaceae -100.0 -100.0

- fl Myrtaceae -100.0 -100.0
. ara. . Papaveraceae -100.0 -100.0

At the famlly level, the preponderance of European Passifloraceae -100.0 -100.0
species among world aliens is reflected in a much Pinaceae -100.0 -100.0

. closer correlation between representation of families in Acanth.aceae -100.0 -100.0 -64.7
. Legummosae -23.6 -69.9 -14.7

ahen floras (AliProp) and that in the European flora Rosaceae -47.4 -100.0 -100.0
(EurProp) (F1.162=494.7, P<O.OOOI, r=0.87, i.e. Solanaceae -57.9 -28.0 -41.1
75.3% of variance explained) than in the world's flora * f ' .. ..(W P ) ( Mode o llitroductlon IS not known for some Hawallan

o: rop . ~I, 1.62 = 138.34, P.~ 0.0001., r = 0.68, aliens so the sum of accidentally and deliberately introduced
46.1 '10). ThlS mdlcates that famlhes tYPlcal of Eu- species is not equal to the total number of aliens.

OlKOS 82:2 (1998) 289



Auckland (New Zealand) California
14

20- 6 5
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Buenos Aires (Argentina) Hawaiian Islands
14

13 3.5- 28
OO 12 -
O- O 3

O
(I) 16 O-
aI 10.- 79 (I) 25() aI .
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O- 8 ()
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1- Europe O WorId I 1- Europe O World I

Mediterranean Chile
8- 4

O 7 5
O
O-
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aI
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(\I

§ 3
aI 20
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O* 1

O
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1- Europe O WorId I
'"

Fig. 7. Invasive potential of European representatives of particular families. Representation of European species in each of the five
alien florasis expressed as the ratio to the total number ofthe family representatives in European flora and compared with the ratio
of aliens to the world pool of potential invaders (AliRat). Correlation between both measures (European and global) using Kendall
rank correlation coefficient was: Auckland r = 0.62, P < 0.01, n = 15, Buenos Aires r = 0.71, P < 0.01, n = 10, Chile r = 0.36,
P> 0.05, n = 10, California r = 0.69, P < 0.05, n = 12, Hawaii r = 0.82, P < 0.1, n = 6. Only those families are shown which had at
least 4 (Chile), 5 (Hawaii, Auckland, California) or 10 (Buenos Aires) aliens of European origin. Number of European aliens are
given on top of the bars for each family. Note the different scales on the y-axis. See Table 2 for abbreviations of names of families.
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Table 5. Factors affecting the representation of particular families in 26 alien floras analysed (see Fig. I). The data were
analysed using stepwise multiple regression (forward selection) with mean annual temperature, sum of annual precipitation, and
the latitude of a given region used as predictors. Significant predictors (P<0.05) are indicated: POS means that the family
representation in alien floras is positively correlated with the factor, NEG means negative relationship. Asterisk indicates
log-transformed data. Percentage of variability explained by the significant predictors is shown (% vaT). The effect of continent
on the family representation in alien floras was tested using ANOV A (df 6) and the results are displayed in the last column. If
ANOV A was significant (P < 0.05), the continents on which the family is over-represented in alien floras are listed (between
brackets if the effect of continent was only marginally significant, P<O.I). Families whose performance in alien floras cannot
be related to any of the factors analysed are not shown in the Table but listed below.

.. .. . 'i
Temperature Preclprtatlon Latrtude % vaT Contment

;,
Acanthaceae - POS NEG 72.1 (Asia) "

,Amaranthaceae - - - (Africa, Asia)
Boraginaceae NEG - - 21.7
Cactaceae - )1~ - Africa
Caryophyllaceae NEG ~ , "J(!( '49.7
Chenopodiaceae - NEG* "r-- 27.2
Convolvulaceae POS - ' {1~ 20,8 Asia South America Africa

. ,"Cruclferae NEG ~ ;~ 64.8 Europe, South & North America
Cyperaceae POS 'cL- 30.2
Euphorbiaceae POS 26.8 Asia
Geraniaceae - POS* 16.9 South & North America, Europe
Juncaceae NEG* POS* 40.8 Australasia
Labiatae - - POS 17.1 Europe
Leguminosae - - NEG 29.4
Malvaceae - NEG 19.1
Melastomataceae 11l POS* 27,3
Nyctaginaceae ~ - NEG* 34.2
Onagraceae 'm - POS* 26,2
Oxalidaceae ' .".,- Asia Africa

1 T, '
Papaveraceae = NEG* - 20.7 Europe, South America
Passifloraceae - - NEG 61.1 Asia, Oceania
Polygonaceae NEG 10ft;; - 29.2 (Australasia, Europe, America)
Ranunculaceae NEG* ,'- ~ 45.7 .

Rosaceae NEG - 24.6 (Australasia, Europe, South America)
Rubiaceae - POS - 17.5
Scrophulariaceae - - POS 30.4 Europe, S America, Australasia
Solanaceae POS* NEG* - 55.0 Africa, Asia
Tiliaceae - --:- NEG* 25.7
Umbelliferae NEG:~ - 34.7
Urticaceae ~ ,,1ft .. NEG 18.8
Verbenaceae NEG 64.8 Oceania, Asia, Africa

No significant effect was found for the following families: Aizoaceae, Amaranthaceae, Compositae, Crassulaceae, FumariaceaeGramineae, Iridaceae, Liliaceae, Myrtaceae, and Pinaceae. '

Geographical and ecological factors affecting the Discussion
success of families . , ...

The results concernmg representatlon of famliles m the
Climatic data and the geographical position (Iatitude, worlïs alien floras are difficult to interpret unequivo-
continent) were used to explain the performance of cally. The concentration of aliens in Caryophyllales
families in alien floras (Table 5). In 30 families (of 40), (and Caryophyllidae) is striking, and moreover, the
their representation in alien floras can be related to order contains rour of the highest ranking families when
some of the factors considered (Table 5). The perfor- the, ratio. of aliens. to the paDl of potential inva~e~s
mance of families with temperate affiliations (e.g. Cru- (AhR~t) IS use~ (FIg. 4). Of t~e features ~haractef1stlc
ciferae Juncaceae Polygonaceae Ranunculaceae for thls group, I.e. unusually hlgh proportlon of succu-
Umbeiliferae) is ne~atively correlat~d with increasin~ lents and halophy~es, anomal?us secondary thickening,
t t h ' l f th th . I .. .1' presence of betalams (Cronqulst 1970), the former seem
empera ures, w I e some o e ra er troplca lamlles t b I . II I b .d"

. . o e eco oglca y most re evant y prOV1 mg rts mem-
(e.g. Melastomataceae, Acanthaceae) are pos1uvely cor- b 'th th b ' l ' t t .. d d d. bed.. . ers W1 e a 11 y o surv1ve m a verse an lstur

related w1th mcreasmg temperatures and/ar precipita- cond't ' ( h ' h I. . t ft "
. , .. . 1 10ns w 1C a len spec1es mus o en lace, e.g.

hon, or negauvely wlth lautude (e:~. Legummo~ae), when transported). However, the ecological interpreta-
The ~bundance of the largest ~amli1es (Composltae, ti on of these results remains on a speculative basis.
Graffi1neae), extremely successful m terms of percentage Obviously, there is no clear link between evolutionary
contribution to local alien floras, does not seem to be advancement and the number of families with in-
related to any of the predictors used (Table 5), vasive species within a group. Although Asteridae does
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exhibit a slight concentration of "invasive" families, To assess the capability of particular families to
and the opposite holds for evolutionarily primitive become part of alien floras, the mode of introduction
Magnoliidae, the by far highest figure was found in should be taken into account (Crawley 1987, Crawleyet
Caryophyllidae, a class on the intermediate level of al, 1996), Deliberate introductions bias our knowledge
evolution, Even within the class, the most "invasive" of the ability of particular species to spread into adven-
order of Caryophyllales is clearly the most primitive of tive areas by their own means which could be supposed
the rour (Cronquist 1970), to reflect better their biological and ecological proper-

Unfortunately, the global floristic information is ties, Clearly, the phase of introduction (i.e, dispersal of ~
fair~y scattered and uneven and the,data are not easily a propagule into the new area) is critical for the out-
avallable ~Heywo?d 1989~, for whlch reason any at- come of the invasion process and being artificially ,.
~empt to ?Ive a reha?le e~tlmate of the number of world taken through this phase constitutes an advantage for a ,.~
mvaders IS necessanly blased, The data presented here species, On the other hand some families (e.g, Com-
m~st therefore be considered,a preliminary cons~rvati~e positae, Caryophyllaceae, Amaranthaceae, Chenopo-
estlmate, However, the rankmg of the taxonomlc umts d. S h 1 ,

C ) t bf 1 ' f I ' b b laceae, crop u anaceae, yperaceae appear o e
most success u m terms o a len num ers can e ex- , , ,

I . d I b h . b. I . 1 relatlvely mdependent of dehberate spread by humans.p ame , at east to some extent, y t elf 10 oglca ,

" Th C ,. f th I t ' ' I Some of them possess features that may constltute an
leatures. e omposltae IS one o e evo u lonan y ..

t d d " .1' (C . t 1981) . advantage for spontaneous spread wlthout human m-mas a vance lamlles ronquls , possessmg a " . , ,
number of features advantageous in the invasion pro- terventlons, ~.g: dlspersal structures, apomlctlC bree~mg
cess, e.g. high reproductive rate, specialized dispersal system, spec,lahzed ~roducts of secondar: metabohsm,
structures, diversity of metabolic products providing and ad~ptatlon to dlsturb~n~s (Cronq~lst 1981),
protection from grazing, high level of apomixis, etc. . Spec~es o~ Europe~n ongm ~re consldered to have
(Heywood 1989, Pyšek 1997). Similarly, successful dis- hlgher mvaslv~ potentlal than ahe?s from o~her parts of
persal mechanisms in Gramineae and Leguminosae to- the world, thls phenomenon bemg explamed by the
gether with a higWy evolved inflorescence in the former, long-lasting common history with humans (di Castri
and an ability to fix atmospheric nitro gen as well as 1989). Results of the present analysis further support
remarkably successful pollination systems in the latter this statement about enhanced invasive potential of
may serve to explain why these families are among the European species (di Castri 1989). However, one must
world's leading invaders. Extreme diversity of habits bear in mind that available data come largely outside
and ecological adaptations is typical of all these the tropics, so that the families with temperate affilia-
families and probably also contributes to their invasion tions can be over-represented in the present data set.
success (Heywood 1989). Considering other successful The same geographical and climatic factors that af-
families (if relative measures are used) the clue for fect principally the distribution of plant families on the
success of some of them may be in their high reproduc- globe (i.e. temperature, precipitation, latitude, and con-
tive rate, long viability of seed or in the C4 photosY!1- tinent) explain, at least to some extent, the performance
thetic pathways in some members of Amaranthaceae of the majority of families in alien floras. The results
and Chenopodiaceae (Cronquist 1970, 1981, Heywood indicate that particular families hardly overcome their
1989). Papaveraceae exhibits no particular ecological evolutionary and ecological limitations in that they
unity, but all species have a latex system of alkaloids tend to invade in the regions with conditions similar to
and mcl~de a number of showy gard~n ornamentals those in their native area. It appears that the homo-
(Cronqulst 1970); the latter factor certamly could have climatic hypothesis formulated at the species level
played a significant role in the translocation of them (Panetta and Mitchell 1991, Chicoine et al. 1985) is
throughout the world. .', ,

AI h h h 1 b 11 1 ., d ' ffi I d also vahd at the level of hlgher taxonomlc umts. In
t oug at t e g o a eve It IS I CU t to a opt a , . .. ..

, f . . b h . h. h Id large famlhes that are rather successful as mvaders, It ISconvement measure o mvaslve e avlour w IC WOU . .". .
k . .bl ' d ' t. 1 often dlfficult to predlct thelr mvaslon success. Theu

ma e It pOSSI e to compare mva ers m par ICU ar . ." .
. b ' th ' t . . 'th th representatlves are bemg wldely mtroduced worldwlde

reglons y usmg e same cn ena, companson WI e .. ,
I. t f C k d F II b t k ' d ' t ' (Composltae, Grammeae), some of them are wldely
IS o ran an u er can e a en as an m Ica Ion. ., ISome of the families that are most successful in terms planted (e.g. Pmaceae - Rlchardson and Bond 199 ) so
of relative species numbers (e.g. Papaveraceae, that the ~actors underlying the adventive distribution ;j-
Chenopodiaceae, Cruciferae) are completely absent may be hldden. ,;;,..

from the list of the world's most invasive species, and ;c~ '
others (Amaranthaceae, Polygonaceae, Juncaceae) are ~\ ~C" ,
poorly represented, Obviously, the capability of suc- Conclusions
cessfully accompanying humans and becoming an alien
is, at the level of families, only weakly related to the I. In total, 164 families (i.e. over 40% of the world
ability to become abundant and penetrate massively total) were recorded to supply alien species to local
into native vegetation, floras in at least one region worldwide. Invasive families
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are uneven1y distributed in higher taxonomic units, with Corlett, R. T. 1988. The naturalized fiora or Singapore. - J.
a remarkab1e concentration found in Caryophy11idae Biogeogr. 15: 657-663. .
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