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INTRODUCTION

Recently, much effort has been put into developing
scientifically sound risk-assessment protocols for dif-
ferent taxa and environments, formalizing the pro-
cess of distinguishing between ‘good’ and ‘bad’ alien
species; the latter having negative ecological or eco-
nomic impacts (Brunel et al. 2010, Essl et al. 2011,
Kumschick & Richardson 2013, Vanderhoeven et al.
2015). Such a process must be rigorous and trans -
parent, since listing species as alien may be legally
binding and may have significant economic conse-
quences, including import bans and/or high environ-
mental management costs (European Commission
2014). However, while very important, determining

the impact of alien species is only the second step in
any such risk assessment. The first question to ad dress
is whether the species to be assessed is actually alien,
or native to the area in which the risk assessment is
being employed. Nativeness obviously ex cludes it
from the scope of frameworks designed to help solve
biological invasion problems.

Surprisingly few formal protocols have been pro-
posed to distinguish between native and alien spe-
cies, particularly when the data on the role of
humans in their distribution is ambiguous (Webb
1985, Bean 2007). Determining the origin status of
taxa can be particularly difficult for species whose
records are scattered in distant parts of the world.
With such an imperfect record it is difficult to reliably

© The authors 2016. Open Access under Creative Commons by
Attribution Licence. Use, distribution and reproduction are un -
restricted. Authors and original publication must be credited. 

Publisher: Inter-Research · www.int-res.com

*Corresponding author: solarz@iop.krakow.pl

Native, alien, cosmopolitan, or cryptogenic? 
A framework for clarifying the origin status of rotifers

Agnieszka Pociecha, Wojciech Solarz*, Kamil Najberek, Elżbieta Wilk-Woźniak
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to discussion and subject to revision as new information becomes available.
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delimit their distribution (Lee & Patterson 2000, Fin-
lay et al. 2004, Fontaneto et al. 2007, Fontaneto &
Brodie 2011, Wilk-Woźniak & Najberek 2013, Wilk-
Woźniak et al. 2016). It is even harder to determine
whether each of the few records known for a given
species lies within its natural range or whether some
of them result from human-mediated introductions
(Pyšek et al. 2004).

Apart from insufficient knowledge, failure to clar-
ify the origin of small organisms is due in part to the
common belief that their dispersal abilities are suffi-
cient to allow natural colonization of suitable habitats
anywhere on Earth. This long-standing view, capsuled
as ‘everything small is everywhere, but the environ-
ment selects’ (Baas Becking 1934), was formalized as
the cosmopolitan model (Finlay 2002, Fenchel & Fin-
lay 2004, de Wit & Bouvier 2006, O’Malley 2007).
Accordingly, small organisms are readily classified
into a crude group of cosmopolitan or tropicopolitan
species (Bean 2007, Segers & De Smet 2008, Geller et
al. 2010). The biogeography of small organisms is
also easily dispensed with by classifying them as
cryptogenic species whose presence at a given place
cannot be unequivocally attributed to natural pro-
cesses or to human intervention (Carlton 1996). Op -
ponents of the concept of a wide distribution of small
organisms would say that a significant fraction of
such cosmopolitan or cryptogenic species might in
fact be alien. The bias responsible for the failure of
many scientists to acknowledge this possibility for
small organisms has been termed the ‘smalls rule of
invasion ecology’ (Wyatt & Carlton 2002).

A direct result of the lack of due diligence in deter-
mining species status is that small organisms are
underrepresented in, if not absent from, checklists
and databases on alien species. Accurate estimates of
the share of alien species in local communities are
also basic to biogeography and to our understanding
of the evolution and functioning of studied communi-
ties. A lack of knowledge of the invasion patterns of
microorganisms severely hampers our ability to suc-
cessfully manage current invasions and proactively
prevent new ones (Preston 2009, Sakalidis et al. 2013).

We argue that distributional data on small organ-
isms, however imperfect, may be enough of a basis
for developing a simple framework to formalize dis-
tinctions between native and alien taxa. We use
rotifers recorded in Europe as an example. The bio-
geography of this group has recently received con-
siderable attention (Gómez et al. 2002, Fontaneto et
al. 2007, 2012, Schröder & Walsh 2007), although the
problem of their origin status has rarely been
addressed. Traditionally, rotifers were considered

cosmopolitan, fitting the concept of ubiquitous spe-
cies (Pejler 1977, Ruttner-Kolisko 1989, Artois et al.
2011), despite attempts by Green (1972) to bring
some subtlety into the picture by classifying rotifers
into cosmopolitan, cosmotropical, tropicopolitan, or
Arctic-temperate species. A growing body of evi-
dence has revealed interesting patterns of diversity
and endemism in this group (Dumont 1983, Segers
2007, 2008). Here, we propose a simple method to
improve the assessment of freshwater Rotifera. Mod-
ifying an existing framework originally designed to
distinguish alien marine crustaceans, we added a
new attribute, and used this framework to verify the
origin status of 16 rotifers.

MATERIALS AND METHODS

The a priori criterion for selecting species for our
study was that their present-day distribution might
result in part from human-mediated spread. Thus,
we did not include species whose native status is
well established. We did a thorough literature query,
using 3 academic literature databases: the ISI Web of
Knowledge, Scopus and Google Scholar. The follow-
ing Boolean search string was used in each database:
‘rotifer’ AND (‘cryptogenic’ OR ‘alien’ OR ‘exotic’ OR
‘non-native’ OR ‘non-indigenous’). The latter 3 terms
are herein treated as synonyms of ‘alien’. We found a
total of 16 species whose occurrence in Europe was
suggested to have resulted from human intervention
(see Table 1, Figs. 1−4). The level of certainty of this
assessment differed among the species; and in addi-
tion to the terms used in the search criteria, some of
them were described in the literature using the de -
scriptive terms new, cosmopolitan or tropicopolitan.
For species described by multiple terms (new, cosmo-
politan, cryptogenic, tropicopolitan, alien), we ex -
tracted the one that was closest to suggesting its alien
European status (see Table 1, Figs. 1–4).

To determine the status of the selected Rotifera, we
tested the usefulness of the framework developed by
Chapman & Carlton (1991), which they used to de -
monstrate that a few marine isopod species described
from different parts of the world are in fact the same
species — Synidotea laevidorsalis — which was intro-
duced globally. The original framework included 10
attributes of alien species. We excluded 2 that re -
ferred to the role of the active and passive dispersal
abilities of the species in the observed distribution;
the reasons for this exclusion are explained in the
‘Discussion’. For some attributes, a yes/no answer to
a question was sufficient. Others required setting
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threshold values to obtain unequivocal negative or
positive scores. Having no detailed guidance from
Chapman & Carlton (1991) on how to set such thresh-
olds, we established the following guidelines for the
8 attributes we chose:
(1) Appearance in areas where not found previously.

This criterion can be used if the assessed areas
(e.g. lakes) have been sufficiently sampled in the
past.

(2) Increase of new local records after appearance in
areas where not found previously. The assessed
area must have been sufficiently studied.

(3) Association with human mechanism(s) of dispersal.
The species may be transported as a contaminant
of imported commodities (e.g. fish for restocking;
Dumont 1983), or as a stowaway in transport vec-
tors (e.g. ships’ ballast waters; Hulme et al. 2008).
Positive score if the species occurs in Asia and
North America, which are the most important
donor areas for alien invertebrates and fish in Eu-
ropean inland waters (Gherardi et al. 2009).

(4) Association with or dependence on other alien
species. In the assessed area, the species is known
to co-occur with other alien species or to be troph-
ically dependent on them (e.g. Ejsmont-Karabin
2011). Positive score if the species is found in
waterbodies from which assessments of biological
invasions of other taxa are available.

(5) Prevalence on, or restriction to, human-trans-
formed habitat(s). In the assessed area, the spe-
cies occurs exclusively or predominantly in
strongly transformed habitats (e.g. thermally or
chemically polluted waterbodies). Positive score if
at least 50% of the known European records are
from human-transformed waterbodies.

(6) Relatively restricted distribution in the assessed
area compared to the distributions of native spe-
cies. Continental range limits of the species do not
correspond with the biogeographic boundaries of
related species; the species occurs in some loca-
tions (e.g. a lake) but not in similar adjacent loca-
tions that are inhabited by related species. The
maximum number of European localities for a sin-
gle species selected for our assessment was 15,
with the majority of them clumped inside a limited
range in a single country. Such a distribution is
seen to be restricted when viewed against the
usual ranges of native European rotifers.

(7) Isolated populations on different continents. A
significant disjunction at the species level sug-
gests that the species is alien, as the distribution
of native cosmopolitan species is more or less con-
tinuous. We calculated the number of worldwide

locations for each assessed species, treating loca-
tions within 500 km of each other as a single loca-
tion (see Figs. 1b−4b). These values, divided by
the number of all continents (N = 7), yielded the
mean value of the number of locations per conti-
nent for each species, ranging from 0.29 for the
most isolated to 2.43 for the most widespread spe-
cies (see Table 1). Species with values lower than
75% of the maximum value (i.e. with values
<1.82) were assigned alien score in this category.

(8) Exotic evolutionary origin. Positive score if the
closest relatives of the species are found outside
of Europe.

We expanded Chapman & Carlton’s (1991) original
framework to include a new attribute that can be
assessed using robust information routinely collected
with distribution records:
(9) Earliest record(s) of the species in the assessed

area are from new or artificial environment(s); sub-
sequent records can be from habitats with typical
conditions.

To establish a score from this framework, each spe-
cies judged to be alien is assigned an additional point
(i.e. an alien point) to the species status; conversely,
each species judged to be native is assigned a native
point. In our study, we assigned alien origin status to
rotifers that scored alien points for at least 5 of the 9
attributes. Species scoring below that threshold were
classified as cryptogenic. Confidence in the correct-
ness of status determination was taken to be highest
for rotifers with the least equivocal scores (highest
and lowest numbers of alien points), and less for spe-
cies with intermediate values.

RESULTS

The number of alien points scored for the assessed
species ranged between 3 and 7, with 11 species
judged affirmatively for at least 5 of the 9 attributes
(Table 1); these were assigned alien status for Europe.
According to the literature, only 3 of these species
(Lecane shieli, Filinia minuta, Kellicottia boston iensis)
should be considered as alien in Europe (Table 1,
Fig. 1). Alien status was confirmed with high confi-
dence for L. shieli, and with low confidence for the
other 2 species. For the 8 remaining rotifers that we
assessed as alien in Europe, the literature assigns cos-
mopolitan or tropicopolitan origin status (Table 1,
Figs. 2 & 3). The alien status of Lecane inopinata, Bra-
chionus variabilis and Lepadella apsida was assessed
with high confidence, with medium confidence for 4
others, and low confidence for the remaining one.
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Five rotifers had positive scores
for less than 5 of the attributes
and were assigned cryptogenic
European status (Table 1). Ac -
cording to the literature, one of
these species — Rhinoglena to -
kio en sis — is alien in Europe,
whereas our assessment suggests,
with high confidence, its crypto-
genic origin (Table 1, Fig. 1). Of
the 4 other rotifers we assessed
as cryptogenic, one was previ-
ously described as cosmopolitan
and 3 as new for Europe (Table 1,
Fig. 4). Our assessments suggest
local cryptogenic status, with
high confidence (Table 1).

Of the attributes proposed by
Chapman & Carlton (1991) for
classifying isopods, ‘exotic evo-
lutionary origin’ (Attribute 8),
turned out to be the least suit-
able criterion for predicting the
alien status of the assessed
Rotifera: none of the species that
we ultimately classified as alien
received positive scores for this
(Table 1). ‘Appearance in areas
where not found previously’
(Attribute 1), ‘Relatively re stricted
distribution in the assessed area
compared to the distributions of
native species’ (Attribute 6), both
with 100% predictive power,
and ‘Increase of new records’
after appearance in areas where
not found previously’ (Attribute 2)
with 91% predictive power were
the best predictors of the origin
status of 11 rotifers ultimately
classified as alien (Table 1).

DISCUSSION

The native or alien local status
of a species often seems to
result from an arbitrary decision
of the assessor rather than from
a rigorous assessment against a
set of explicit criteria. Even clas-
sifying a species as cryptogenic,
with unclear native/alien status,

144

S
p

ec
ie

s
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
A

tt
ri

b
u

te
s 

   
   

   
   

   
   

   
   

   
   

   
   

+
 R

at
io

   
   

   
P

re
vi

ou
s 

   
   

   
  C

u
rr

en
t 

   
  C

on
fi

d
en

ce
   

   
 R

ef
er

en
ce

s
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 1
   

   
2

   
   

3
   

   
4

   
   

5
   

   
6

   
   

   
 7

   
   

   
8

   
   

9
   

   
   

   
   

   
   

   
  s

ta
tu

s 
   

   
   

   
   

 s
ta

tu
s 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 

L
ec

an
e 

in
op

in
at

a
H

ar
ri

n
g

 &
 M

ye
rs

, 1
92

6
   

   
 +

   
   

+
   

   
+

   
   

+
   

   
+

   
   

+
   

  −
 (

2.
43

) 
  −

   
   

+
   

   
 0

.8
   

   
 T

ro
p

ic
op

ol
it

an
   

   
   

A
li

en
   

   
   

   
 H

ig
h

   
   

   
(4

) 
(2

2)
 (

23
) 

(2
4)

L
ec

an
e 

sh
ie

li
S

eg
er

s 
&

 S
an

oa
m

u
an

g
, 1

99
4

   
 +

   
   

+
   

   
−

   
   

+
   

   
+

   
   

+
   

  +
 (

0.
71

) 
  −

   
   

+
   

   
 0

.8
   

   
   

   
   

A
li

en
   

   
   

   
   

  A
li

en
   

   
   

   
 H

ig
h

   
   

   
 (

3)
 (

4)
 (

25
) 

(2
6)

B
ra

ch
io

n
u

s 
va

ri
ab

il
is

(H
em

p
el

, 1
89

6)
   

   
   

   
 +

   
   

+
   

   
+

   
   

+
   

   
−

   
   

+
   

  +
 (

1.
29

) 
  −

   
   

+
   

   
 0

.8
   

   
  C

os
m

op
ol

it
an

   
   

   
 A

li
en

   
   

   
   

 H
ig

h
   

  (
3)

 (
10

) 
(1

2)
 (

13
) 

(1
5)

L
ep

ad
el

la
 a

p
si

d
a

H
ar

ri
n

g
, 1

91
6

   
   

   
   

   
   

   
  +

   
   

+
   

   
−

   
   

+
   

   
+

   
   

+
   

  +
 (

1.
71

) 
  −

   
   

+
   

   
 0

.8
   

   
  C

os
m

op
ol

it
an

   
   

   
 A

li
en

   
   

   
   

 H
ig

h
   

   
   

 (
3)

 (
4)

 (
27

) 
(2

8)
B

ea
u

ch
am

p
ia

 c
ru

ci
g

er
a

(D
u

tr
oc

h
et

, 1
81

2)
   

  +
   

   
+

   
   

−
   

   
+

   
   

−
   

   
+

   
  +

 (
1.

71
) 

  −
   

   
+

   
   

 0
.7

   
   

  C
os

m
op

ol
it

an
   

   
   

 A
li

en
   

   
   

 M
ed

iu
m

   
   

   
(3

) 
(4

) 
(6

) 
(7

)
B

ra
ch

io
n

u
s 

fa
lc

at
u

s
Z

ac
h

ar
ia

s,
 1

89
8

   
   

   
   

   
+

   
   

+
   

   
+

   
   

−
   

   
−

   
   

+
   

  +
 (

1.
57

) 
  −

   
   

+
   

   
 0

.7
   

   
 T

ro
p

ic
op

ol
it

an
   

   
   

A
li

en
   

   
   

 M
ed

iu
m

   
   

 (
3)

 (
9)

 (
10

) 
(1

1)
T

ri
ch

oc
er

ca
 s

im
on

ea
e

D
e 

S
m

et
, 1

99
0

   
   

   
   

 +
   

   
+

   
   

−
   

   
+

   
   

−
   

   
+

   
  +

 (
0.

71
) 

  −
   

   
+

   
   

 0
.7

   
   

 T
ro

p
ic

op
ol

it
an

   
   

   
A

li
en

   
   

   
 M

ed
iu

m
   

   
   

   
 (

3)
 (

33
)

A
sp

la
n

ch
n

op
u

s 
h

ya
li

n
u

s
H

ar
ri

n
g

, 1
91

3
   

   
   

 +
   

   
+

   
   

−
   

   
+

   
   

−
   

   
+

   
  +

 (
1.

29
) 

  −
   

   
+

   
   

 0
.7

   
   

  C
os

m
op

ol
it

an
   

   
   

 A
li

en
   

   
   

 M
ed

iu
m

   
   

(1
) 

(2
) 

(3
) 

(4
) 

(5
)

F
il

in
ia

 m
in

u
ta

(S
m

ir
n

ov
, 1

92
8)

   
   

   
   

   
   

   
   

 +
   

   
−

   
   

+
   

   
+

   
   

−
   

   
+

   
  +

 (
0.

71
) 

  −
   

   
−

   
   

 0
.6

   
   

   
   

   
A

li
en

   
   

   
   

   
  A

li
en

   
   

   
   

  L
ow

   
   

   
   

   
 (

29
) 

(3
0)

K
el

li
co

tt
ia

 b
os

to
n

ie
n

si
s

(R
ou

ss
el

et
, 1

90
8)

   
   

 +
   

   
+

   
   

+
   

   
−

   
   

−
   

   
+

   
  +

 (
1.

71
) 

  −
   

   
−

   
   

 0
.6

   
   

   
   

   
A

li
en

   
   

   
   

   
  A

li
en

   
   

   
   

  L
ow

   
   

   
(3

) 
(1

6)
 (

17
) 

(1
8)

 
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
(1

9)
 (

20
) 

(2
1)

L
ec

an
e 

d
ec

ip
ie

n
s

(M
u

rr
ay

, 1
91

3)
   

   
   

   
   

   
  +

   
   

+
   

   
+

   
   

+
   

   
−

   
   

+
   

  −
 (

2.
14

) 
  −

   
   

−
   

   
 0

.6
   

   
 T

ro
p

ic
op

ol
it

an
   

   
   

A
li

en
   

   
   

   
  L

ow
   

   
   

(3
) 

(1
0)

 (
14

) 
(1

6)
C

ep
h

al
od

el
la

cf
. h

ol
lo

w
d

ay
i

K
os

te
, 1

98
6

   
   

  +
   

   
−

   
   

−
   

   
+

   
   

−
   

   
+

   
  +

 (
0.

43
) 

  −
   

   
−

   
   

 0
.4

   
   

   
   

   
N

ew
   

   
   

   
C

ry
p

to
g

en
ic

   
   

 H
ig

h
   

   
   

   
   

 (
3)

 (
32

)
K

er
at

el
la

 t
ro

p
ic

a
(A

p
st

ei
n

, 1
90

7)
   

   
   

   
   

   
   

+
   

   
+

   
   

+
   

   
−

   
   

−
   

   
+

   
  −

 (
2.

29
) 

  −
   

   
−

   
   

 0
.4

   
   

  C
os

m
op

ol
it

an
   

 C
ry

p
to

g
en

ic
   

   
 H

ig
h

   
   

   
   

(3
) 

(1
4)

 (
15

)
R

es
ti

cu
la

 a
n

ce
p

s
H

ar
ri

n
g

 &
 M

ye
rs

, 1
92

4
   

   
  +

   
   

−
   

   
−

   
   

+
   

   
−

   
   

+
   

  +
 (

0.
29

) 
  −

   
   

−
   

   
 0

.4
   

   
   

   
   

N
ew

   
   

   
   

C
ry

p
to

g
en

ic
   

   
 H

ig
h

   
   

   
   

   
 (

3)
 (

32
)

R
h

in
og

le
n

a 
to

k
io

en
si

s
S

u
d

zu
k

i,
 1

97
5

   
   

   
   

  +
   

   
−

   
   

+
   

   
−

   
   

−
   

   
+

   
  +

 (
0.

43
) 

  −
   

   
−

   
   

 0
.4

   
   

   
   

   
A

li
en

   
   

   
  C

ry
p

to
g

en
ic

   
   

 H
ig

h
   

   
   

   
   

(3
0)

 (
31

)
T

ri
ch

oc
er

ca
 b

ra
si

le
n

si
s

(M
u

rr
ay

, 1
91

3)
   

   
   

  +
   

   
−

   
   

−
   

   
+

   
   

−
   

   
+

   
  +

 (
1.

14
) 

  −
   

   
−

   
   

 0
.4

   
   

   
   

   
N

ew
   

   
   

   
C

ry
p

to
g

en
ic

   
   

 H
ig

h
   

   
   

   
   

 (
3)

 (
32

)
C

or
re

ct
 a

li
en

 s
ta

tu
s 

p
re

d
ic

ti
on

 (
%

) 
   

   
   

   
   

10
0

   
91

   
 5

5
   

 8
2

   
 2

7
   

10
0

   
   

 8
2

   
   

  0
   

  7
3

T
ab

le
 1

. P
os

it
iv

e 
(+

) 
an

d
 n

eg
at

iv
e 

(−
) 

co
rr

es
p

on
d

en
ce

 o
f 

th
e 

ob
se

rv
ed

 a
tt

ri
b

u
te

s 
of

 1
6 

sp
ec

ie
s 

of
 f

re
sh

w
at

er
 R

ot
if

er
a 

w
it

h
 t

h
e 

p
re

d
ic

te
d

 a
tt

ri
b

u
te

s 
of

 a
li

en
 s

p
ec

ie
s.

 A
tt

ri
b

u
te

s
1 

to
 8

 a
cc

or
d

in
g

 t
o 

C
h

ap
m

an
 &

 C
ar

lt
on

 (
19

91
),

 m
od

if
ie

d
: (

1)
 a

p
p

ea
ra

n
ce

 i
n

 a
re

as
 w

h
er

e 
n

ot
 f

ou
n

d
 p

re
vi

ou
sl

y;
 (

2)
 i

n
cr

ea
se

 o
f 

n
ew

 l
oc

al
 r

ec
or

d
s 

af
te

r 
ap

p
ea

ra
n

ce
 i

n
 a

re
as

w
h

er
e 

n
ot

 fo
u

n
d

 p
re

vi
ou

sl
y;

 (3
) a

ss
oc

ia
ti

on
 w

it
h

 h
u

m
an

 m
ec

h
an

is
m

(s
) o

f d
is

p
er

sa
l;

 (4
) a

ss
oc

ia
ti

on
 w

it
h

 o
r 

d
ep

en
d

en
ce

 o
n

 o
th

er
 a

li
en

 s
p

ec
ie

s;
 (5

) p
re

va
le

n
ce

 in
 o

r 
re

st
ri

ct
io

n
to

 h
u

m
an

-t
ra

n
sf

or
m

ed
 h

ab
it

at
(s

);
 (

6)
 r

el
at

iv
el

y 
re

st
ri

ct
ed

 d
is

tr
ib

u
ti

on
 in

 t
h

e 
as

se
ss

ed
 a

re
a 

co
m

p
ar

ed
 t

o 
th

e 
d

is
tr

ib
u

ti
on

s 
of

 n
at

iv
e 

sp
ec

ie
s;

 (
7)

 is
ol

at
ed

 p
op

u
la

ti
on

s 
on

 d
if

fe
r-

en
t 

co
n

ti
n

en
ts

 (
va

lu
es

 o
f 

is
ol

at
io

n
 a

re
 g

iv
en

 in
 b

ra
ck

et
s)

; (
8)

 e
xo

ti
c 

ev
ol

u
ti

on
ar

y 
or

ig
in

; a
n

d
 (

9)
 o

u
r 

ad
d

ed
 a

tt
ri

b
u

te
: e

ar
li

es
t 

re
co

rd
(s

) 
of

 t
h

e 
sp

ec
ie

s 
in

 t
h

e 
as

se
ss

ed
 a

re
a 

ar
e

fr
om

 n
ew

 o
r 

ar
ti

fi
ci

al
 e

n
vi

ro
n

m
en

t(
s)

. +
 R

at
io

: f
ra

ct
io

n
 o

f p
os

it
iv

e 
co

rr
es

p
on

d
en

ce
; p

re
vi

ou
s 

st
at

u
s:

 s
ta

tu
s 

ac
co

rd
in

g
 to

 th
e 

li
te

ra
tu

re
 (n

on
-i

n
d

ig
en

ou
s,

 n
on

-n
at

iv
e 

an
d

 e
xo

ti
c

sp
ec

ie
s 

w
er

e 
cl

as
si

fi
ed

 a
s 

al
ie

n
);

 c
u

rr
en

t 
st

at
u

s:
 s

ta
tu

s 
af

te
r 

ou
r 

as
se

ss
m

en
t.

 R
ef

er
en

ce
s:

 (
1)

 E
rd

og
an

 &
 G

u
h

er
 (

20
05

),
 (

2)
 R

u
s̨e

n
 U

st
ao

ğ
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Fig. 1. (a) European and (b) global distribution of rotifers considered alien in Europe. At the global level, locations closer than 
500 km were treated as a single location

Fig. 2. (a) European and (b) global distribution of rotifers considered cosmopolitan. At the global level, locations closer than 
500 km were treated as a single location

Fig. 3. (a) European and (b) global distribution of rotifers considered tropicopolitan in Europe. At the global level, locations 
closer than 500 km were treated as a single location
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may reflect the re searchers’ lack of scrutiny rather
than a systematic review of the available data.
Often, the studies follow a circular route: informa-
tion on origin status given by previous authors is
uncritically followed and propagated through the
years (Bean 2007). In addition, there is no uniform
approach to the role of climate change, habitat
transformation or long-distance spread by wind,
water or migrating animals; these mechanisms of
spread further blur the line between natural ex -
pansions and human-mediated introductions. Some
authors consider those factors to be drivers of bio-
logical invasions of alien species, while  others do
not (Convention on Biological Diversity 2002, Green
& Figuerola 2005, Walther et al. 2009, Webber &
Scott 2012, Incagnone et al. 2015, Stoyneva 2016).

The framework that Chapman & Carlton (1991) de -
veloped offers a formalized method for extracting
aliens from the mass of cosmopolitans or cryptogen-
ics. An advantage is that some of the attributes can be
judged even on the basis of rough qualitative data.
Other attributes (e.g. global isolation) can be opti-
mally judged from quantitative data, with thresholds
set for clear-cut decisions on negative or positive
scores. In the absence of precise guidelines on how
such thresholds should be set, and with insufficient
information about the species, some level of subjec-
tivity is inherent in such assessments. Moreover, de -
pending on the taxon studied, the environment in
which it occurs or the researcher’s individual approach,
some criteria may be combined, split, deleted or added.

For these reasons, we expanded Chapman & Carl-
ton’s (1991) approach to include a confidence param-
eter for the outcomes of our assessment. For some
rotifers, we demonstrated that despite the paucity of

data, having a formal protocol to evaluate the data
allowed us to find that the probability of human
involvement in their current distribution is beyond
reasonable doubt. In Europe, the confidence of this
assessment is higher because the local rotifer fauna is
better studied than in other areas; thus a lack of ear-
lier records or a finding of limited species occurrence
are less likely to be the result of research effort
(Fontaneto et al. 2012).

We excluded 2 of the original criteria: insufficient
active and passive dispersal abilities to account for
the observed distribution. We do consider these attrib-
utes to be fundamental for distinguishing between
natives and aliens, but we excluded them because
unlike the other attributes, they provide direct, crown-
ing evidence for a finding of origin status. Assess-
ments should therefore start by answering whether a
species could have arrived by means of active or pas-
sive dispersal (e.g. by wind, on drifting wood or on
migrating birds). Negative answers should automati-
cally mark the assessed species as alien, as the only
possible means of its arrival other than active or pas-
sive dispersal must have been through human inter-
vention. At this point the assessment of the origin sta-
tus is complete and there is no need to fine-tune it by
completing the remaining, less straightforward at -
tributes of the framework, which can provide only
circumstantial evidence of a taxon’s origin.

Among the attributes proposed by Chapman &
Carlton (1991), the ‘exotic evolutionary origin’ crite-
rion was the least efficient predictor of alien status of
Rotifera. The reason is that the taxonomy and genet-
ics of the species we selected are still poorly under-
stood. However, in the face of the steady decline of
classical research on taxonomy, biogeography and
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500 km were treated as a single location



Pociecha et al.: Rotifers: native, alien, cosmopolitan, or cryptogenic?

biology, molecular data are seen as the key to the
future of invasion science (Geller et al. 2010). The
level of rotifer diversity revealed by DNA studies
may be significantly higher than that calculated on
the basis of traditional taxonomy. For example, the
apparent cosmopolitanism in the monogonont Bra-
chionus plicatilis is actually due to the fact that it
comprises a cryptic species complex, with as many as
22 morphologically similar taxa having more re -
stricted distributions (Gómez et al. 2002). Moreover,
a complex of at least 24 taxa was found in the British
bdelloid Rotatoria rotatoria (Fontaneto et al. 2009).
On the one hand, these findings suggest that the
level of endemism among microorganisms may be
higher than previously thought, which increases the
probability of human intervention in the case of
widely distributed species. However, some of the
taxa distinguished from cryptic species complexes
indeed have a very wide distribution (Gómez et al.
2002). Successful colonization of such vast areas
seems relatively recent from an evolutionary time
perspective, and it is usually attributed to the high
capabilities of microorganisms for long-distance pas-
sive dispersal by natural vectors (Cáceres & Soluk
2002, Gómez et al. 2002, Green & Figuerola 2005,
Incagnone et al. 2015). Given the stability of these
vectors, however, propagule pressure (measured by
the number of individuals of a species that arrive in
an area) must have been massive over time. Thus,
natural vectors have undoubtedly played a major
role in shaping the distribution of small organisms,
albeit mainly on an evolutionary time scale (Gómez
et al. 2002, Ventura et al. 2014, Incagnone et al. 2015).

Species that disperse via natural means are still
being discovered, but the occurrence of these is usu-
ally temporally and/or geographically restricted. Thus,
an earlier irregular presence might have been easily
overlooked, even in well-studied areas (Schröder &
Walsh 2007). The situation is different, however,
when newly detected species start spreading soon
after their discovery. It is less justified to attribute
their presence in a given area to natural vectors.
These vectors have been operating for long enough
to provide ample time for such species to have arrived
and already spread far in the past. This holds true
even if there are long lags between vector initiation
and the time a species begins to utilize it, and be -
tween the arrival of a species into a new area, adap-
tation to local conditions, and the onset of the inva-
sion (Crooks 2011).This means that recent range
expansions in areas far from the boundaries of the
current occurrence could be assumed to be the result
of anthropogenetic introduction.

Our study underlines the need for a systematic
reassessment of the distribution patterns of many
organisms, particularly for groups in which the share
of species classified as cryptogenic or cosmopolitan is
suspiciously high. The use of formal protocols for col-
lation of previously collected (though usually scat-
tered) data will make origin status assessments trans-
parent, open to discussion, and subject to revision as
new information becomes available. Such frame-
works should be applied as cost-effective steps to
screen for cases that require further investigation
with more sophisticated molecular genetics tools
(Grabowski et al. 2012). Our approach is a versatile
one: the set of criteria and threshold levels for classi-
fying species as alien can be tailored for application
to other taxa and other environments. We suggest
that a given set of criteria should be verified at differ-
ent spatial scales, thereby validating whether they
are sufficiently robust to use as formal benchmarks in
examining the structure, evolution and functioning of
communities, and in managing biological invasions.
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Tas̨demir A, İlhan A (2008) First observations on the
aquatic fauna inhabiting freshwaters ponds of Turkish
Republic of Northern Cyprus. EU J Fish Aquat Sci 25: 
347−351 (in Turkish with English Abstract)

Bean T (2007) A new system for determining which plant
species are indigenous in Australia. Aust Syst Bot 20: 1−43

Bertani I, Segers H, Rossetti G (2011) Biodiversity down by
the flow:  new records of monogonont rotifers for Italy
found in the Po River. J Limnol 70: 321−328

Boggero A, Basset A, Austoni M, Barbone E and others (2014)
Weak effects of habitat type on susceptibility to invasive
freshwater species:  an Italian case study. Aquat Conserv
24: 841−852

Brunel S, Branquart E, Fried G, Van Valkenburg J and oth-
ers (2010) The EPPO prioritization process for invasive
alien plants. EPPO Bull 40: 407−422

Cáceres CE, Soluk DA (2002) Blowing in the wind:  a field
test of overland dispersal and colonization by aquatic
invertebrates. Oecologia 131: 402−408

Carlin B (1943) Die Planktonrotatorien des Motalaström. Zur
Taxonomie und Ökologie der Planktonrotatorien. Medd
Lunds Univ Limnol Instn 5: 1−256

Carlton JT (1996) Biological invasions and cryptogenic spe-
cies. Ecology 77: 1653−1655

Chapman JW, Carlton JT (1991) A test of criteria for intro-
duced species:  the global invasion by the isopod Synido -
tea laevidorsalis (Miers, 1881). J Crustac Biol 11: 386−400

Convention on Biological Diversity (2002) COP 6 Decision
VI/23:  Alien species that threaten ecosystems, habitats or
species. Sixth Meeting of the Conference of the Parties to
the Convention on Biological Diversity, 7−19 April 2002,
The Hague. www.cbd.int/decision/cop/?id=7197

Coussement M, De Henau AM, Dumont HJ (1976) Bra-
chionus variabilis Hempel and Asplanchna girodi de
Guerne, two rotifer species new to Europe and Belgium,
respectively. Biologisch Jaarboek (Dodonaea) 44: 118−122

Crooks JA (2011) Lag times. In:  Simberloff D, Rejmánek M
(eds) Encyclopedia of biological invasions. University of
California Press, Berkeley, CA, p 404−410

Davies C, Edwards F (2011) CEH code list for recording the
macroinvertebrates in fresh water in the British Isles.
NERC/Centre for Ecology and Hydrology, Wallingford

de Wit R, Bouvier T (2006) ‘Everything is everywhere, but,
the environment selects’; what did Baas Becking and
Beijerinck really say? Environ Microbiol 8: 755−758

Denys L (2009) Een a posteriori typologie van stilstaande
wateren in Vlaanderen. Rapporten van het Instituut
voor Natuur- en Bosonderzoek 2009 (34), Instituut voor
Natuur- en Bosonderzoek, Brussels

Dumont HJ (1983) Biogeography of rotifers. Hydrobiologia
104: 19−30

Ejsmont-Karabin J (2011) Does invasion of Vallisneria spi-
ralis L. promote appearance of rare and new rotifer
(Rotifera) species in littoral of the lakes heated by power
station (Konin lakes, W. Poland)? Pol J Ecol 59: 201−207

Ejsmont-Karabin J (2014) Rotifer invasion? On appearance
and abundance of tropical species in lakes of north-
 eastern Poland. Pol J Ecol 62: 821−827

Ejsmont-Karabin J, Radwan S, Bielańska-Grajner I (2004)
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A, Mamos T, Jażdżewski K (2012) Cryptic invasion of
Baltic lowlands by freshwater amphipod of Pontic origin.
Aquat Invasions 7: 337−346

Green AJ (1972) Latitudinal variation in associations of
planktonic Rotifera. J Zool 167: 31−39

Green AJ, Figuerola J (2005) Recent advances in the study
of long-distance dispersal of aquatic invertebrates via
birds. Divers Distrib 11: 149−156

Hulme PE, Bacher S, Kenis M, Klotz S and others (2008)
Grasping at the routes of biological invasions:  a frame-
work for integrating pathways into policy. J Appl Ecol 45: 
403−414

148

http://dx.doi.org/10.1111/j.1365-2664.2007.01442.x
http://dx.doi.org/10.1111/j.1366-9516.2005.00147.x
http://dx.doi.org/10.1111/j.1469-7998.1972.tb01721.x
http://dx.doi.org/10.3391/ai.2012.7.3.005
http://dx.doi.org/10.1111/j.0014-3820.2002.tb01455.x
http://dx.doi.org/10.1007/s10530-007-9142-9
http://dx.doi.org/10.1146/annurev.marine.010908.163745
http://dx.doi.org/10.1111/j.1600-0587.2011.06850.x
http://dx.doi.org/10.1016/j.ympev.2009.04.011
http://dx.doi.org/10.1078/1434461000160
http://dx.doi.org/10.1126/science.1070710
http://dx.doi.org/10.1641/0006-3568(2004)054[0777%3ATUOSSP]2.0.CO%3B2
http://dx.doi.org/10.1016/j.jnc.2011.08.005
http://dx.doi.org/10.3923/pjbs.2005.1579.1583
http://dx.doi.org/10.3161/104.062.0405
http://dx.doi.org/10.1007/BF00045948
http://dx.doi.org/10.1111/j.1462-2920.2006.01017.x
http://dx.doi.org/10.2307/1548465
http://dx.doi.org/10.2307/2265767
http://dx.doi.org/10.1007/s00442-002-0897-5
http://dx.doi.org/10.1111/j.1365-2338.2010.02423.x
http://dx.doi.org/10.1002/aqc.2450
http://dx.doi.org/10.4081/jlimnol.2011.321
http://dx.doi.org/10.1071/SB06030


Pociecha et al.: Rotifers: native, alien, cosmopolitan, or cryptogenic?

Incagnone G, Marrone F, Barone R, Robba L, Naselli-Flores
L (2015) How do freshwater organisms cross the ‘dry
ocean’? A review on passive dispersal and colonization
processes with a special focus on temporary ponds.
Hydrobiologia 750: 103−123

Josefsson M, Andersson B (2001) The environmental conse-
quences of alien species in the Swedish lakes Mälaren,
Hjälmaren, Vänern and Vättern. Ambio 30: 514−521
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