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Abstract：MaCrozoobenthiC invasion is a Common phenomenon whiCh appears throughout the world . Humans travel
worldwide transporting materials from one Continent to another . This enables many aquatiC speCies to breaCh natural
boundaries and invade environments in other regions and Continents . With modern travel the number of speCies
moving between different regions has inCreased Considerably and so the number of suCCessful aquatiC invasions has
inCreased. To be a suCCessful invading speCies，there are some neCessary traits . Mobility，small body size，
adaptability and a high reproduCtive rate for example，would Contribute to a suCCessful Cross - regional invasion. But
the new host environment must fit some aCCommodating Criteria . Environments that are depleted of their historiCal
speCies due to human impaCt damage，may make little or no resistanCe to new organism invasions . German water
bodies are under serious stress from human impaCt . Many water bodies are irreparably disturbed and some are now
totally artifiCial habitats . These water bodies are a Complex network of ConneCting rivers and Canals that faCilitate the
spread of invasive maCrozoobenthiC speCies . 0ur literature researCh and our own investigations show that water
bodies，rivers and streams that are under stress from human impaCt，or damaged by direCt interferenCe，are more
vulnerable to aquatiC invasive speCies alien to the loCal natural environment，than water bodies more Closely aligned
to their original，natural Conditions .
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1 Invasion is a Common phenomenon

“PANTA RHEI”，expressed by the anCient Greek philosopher Heraklit，desCribes the CharaCter of nature：
“Everything is in flow”. Every biologiCal system is open，dynamiC and very Complex . This means，for example，
that speCies thriving in an environment Can vanish，while others Can invade and flourish . There is no rule whiCh Can
prediCt or qualify these Changes . In prinCiple，Changeability is the nature of nature，and the essential CharaCter of
eCosystems is instability and inhomogeneity［1］. Invasion is a normal phenomenon whiCh Can appear any time，and
anywhere. EspeCially after dramatiC eCologiCal oCCurrenCes，suCh as land slides，volCaniC eruptions and prolonged
ClimatiC Changes . These events Could adversely affeCt the prevailing Conditions，resulting in the disappearanCe of one
speCies and the appearanCe of another .

BeCause of a long geologiCal and evolutionary history，our planet has an enormous diversity of plants，animals，
and miCro-organisms throughout eaCh Continent and eCosystem. GeographiCal barriers have ensured so that most
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speCies remain within their region，thus resulting in a muCh greater variety and speCies riChness aCross the planet，
than would have been the Case if all land masses were part of a single Continent［2］. This historiCal biogeographiCal
framework provides the basis for defining native and alien speCies . It is also important to reCognize that biogeography
is dynamiC. SpeCies expand and ContraCt their ranges of eCosystems and eCosystems Change［3］. As humans inCrease
speed and frequenCy of global travel and move more materials aCross international boundaries，the probability of
transporting speCies inCreases dramatiCally . Humans have Created a world without borders for many speCies［4］and
rates of human-Caused speCies invasions are far greater than the rates that would have oCCurred naturally［5］. But
what kind of speCies do we Call“invasive alien speCies”？In Germany we Call animals and plants that arrived sinCe
1492（disembarkation of Columbus in Central AmeriCa）as invasive speCies . SChaefer［6］defined them as“speCies
whiCh are introduCed from humans，from other Continents or Climate zones and often only able to establish at
partiCular areas . 0ften they are part of nature near eCosystems.”

In this text，we ConCentrate on aquatiC invasive alien speCies the maCrozoobenthiC speCies（ invertebrate
animals，whiCh are taller than 1 mm，live on or in the sediment or on the vegetation - temporary swimming［7］）.
There are some traits in Cosmopolitan speCies whiCh improve the ChanCes of suCCess：Small body size whiCh enables
invasion by use of many different modes of transport，durability allowing the speCies to survive prolonged periods
without water，high reproduCtive rate（r-strategists）that Could overwhelm any predator in the new environment，
mobility that enables aCtive migration，euryoeCious traits of adaptability and flexibility of aquatiC Conditions and food
variation［8 - 11］.

2 AquatiC invasive alien speCies（AIAS）in the German water bodies

2.1 AquatiC invasive alien speCies（AIAS）

The AIAS in the German waterways show many of those speCial traits whiCh help them settle suCCessfully .
Table 1 summarises the AIAS found in German freshwater sinCe 1492 with their medium for spreading and their
speCial traits .

The freshwater snail Ferrissia wautieri is able to build a septum，whiCh makes it resistant to dry periods . In
this way many snails and mussels are able to survive transportation even in the air，for example with water birds［12］.
A high and effeCtive produCtive rate Can be found in Dreissena polymorpha and Corbicula fluminea . They have
planktoniC larvae whiCh are able to spread long distanCes in the water flows and Currents of streams and rivers .
Ferrissia wautieri and Potamopyrgus antipodarum are parthenogenetiC speCies and :iviparus viviparus shows sexual
dimorphism，whiCh enables these speCies to reproduCe even without high abundanCes . Several of the AIAS are able
to migrate aCtively . The small snail Potamopyrgus antipodarum is able to migrate against a water flow of 30 Cm / h at
a Current of 0 . 23 m / s［13］. Positive rheotaxis and other aCtive migration habits are also found in most CrustaCean
speCies . 0ne important trait is their salt toleranCe. Many rivers are impaCted with organiC wastewaters and mine
waters and therefore have an inCreased salt Content . 0ften native speCies are not able to tolerate higher salt
ConCentrations，but several of the AIAS are（see table 1）. Many European rivers are affeCted by power plant water
outlets that Cause artifiCially variable temperature ranges . Here again，several AIAS，often from the Mediterranean，

Can tolerate those temperatures（see table 1），while native speCies need a speCial minimum temperature in winter for
breeding or Cannot stand higher temperatures in summer. Conditions，CharaCteristiCs or events whiCh faCilitate or
Cause the spread of AIAS must be individually identified . There are natural Conditions and CharaCteristiCs suCh as
high mobility and high migration aCtivity，toleranCe to varying Conditions，ClimatiC Changes，and passive transport



via birds or fishes .

Table 1 Aquatic invasive alien species（AIAS）found in German inland waters*

Taxa 0rigin Medium for spreading SpeCiality

Coelenterata
Cordylophora caspia PontoCaspis Navigation halotolerant
Craspedacusta sowerbyi E-Asia AquaristiCs，Navigation，Birds termophilous
Turbellaria

Dendrocoelum romanodanubiale PontoCaspis Navigation，Birds
Dugesia tigrina N-AmeriCa AquaristiCs ruryoeCious
Gastropoda

Ferrissia wautieri SE-Europe Navigation，Birds resistant to dehydration
Lithoglyphus naticoides PontoCaspis Navigation，Birds，Fish pelophilous
Physella acuta SW-Europe Navigation，AquaristiCs，Birds ruryoeCious
Physella heterostropha N-AmeriCa AquaristiCs
Potamopyrgus antipodarum Newzealand Navigation，Birds，Fish halotolerant
:iviparus viviparus E-Europe Navigation，Birds pelophilous
Bivalvia

Congeria leucophaeta Asia Navigation halotolerant
Corbicula fluminea N-AmeriCa Navigation halophilous
Dreissena polymorpha PontoCaspis Navigation halotolerant
0ligoChaeta

Branchiura sowerbyi S-Asia AquaristiCs，Navigation temperature-tolerant
Hirudinea

Caspiobdella fadejewi PontoCaspis Navigation，Fish，Migration
Barbronia weberi S-Asia Navigation thermophilous，euryoeCious
PolyChaeta

Hypania invalida PontoCaspis Navigation pelophilous，halotolerant
CrustaCea

Atyaephyra desmaresti Mediterranean Navigation，Migration phytophilous eurythermiC，halotolerant
Corophium curvispinum PontoCaspis Navigation，Migration halotolerant
Crangonyx pseudogracilis N-AmeriCa Navigation，Birds
Dikerogammarus haemobaphes PontoCaspis Navigation，Migration
Dikerogammarus villosus PontoCaspis Navigation，Migration euryoeCious
Echinogammarus berilloni Mediterranean Navigation，Migration euryoeCious
Echinogammarus ischnus PontoCaspis Navigation，Migration halotolerant，eurythermiC
Echinogammarus trichiatus PontoCaspis Navigation，Migration
Eriocheir sinensis E-Asia Navigation，Migration halotolerant，eurythermiC
Cammarus tigrinus N-AmeriCa Exposure，Navigation，Migration halotolerant，eurythermiC
Hemimysis anomala PontoCaspis Exposure，Navigation，Migration halotolerant
Jaera istri PontoCaspis Navigation，Migration halotolerant
Limnomysis benedeni PontoCaspis Navigation，Migration
Obesogammarus obesus PontoCaspis Navigation，Migration
Orchestia cavimana Ponto-med Migration halotolerant
Orconectes limosus N-AmeriCa Exposure，Navigation，Migration euryoeCious
Pontogammarus robustoides PontoCaspis Navigation，Migration
Proasellus coxalis Mediterranean Navigation，Migration halotolerant
Proasellus meridianus W-Europe Navigation，Migration halotolerant
*hithropanopeus harrisii N-AmeriCa Navigation，Migration euryhalinous
Bryozoa

Pectinatella magnifica N-AmeriCa Navigation，Migration thermophilous
Porifera

Eunapius carteri AfriCa Navigation thermophilous

* Information of this table Cited from：［14 - 68］
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Human impaCt may also Cause AIAS through speCies introduCtion for fisheries，introduCtion via aquaristiCs，
passive transport via ship bodies and ballast water， environmental Changes in rivers， streams and water
bodies［10，14］. For long distanCe transport of aquatiC invertebrates，ballast water is the most important faCtor and
some kind of eCologiCal roulette［69］. The introduCtion via ballast water has been proven for Dreissena polymorpha

（from the Pontokaspis to USA and Central Europe），Cammarus tigrinus（ from USA to UK），Eriocheir sinensis
（from China to Germany）， *hithropanopeus harrisii（ from North AtlantiC to the Netherlands）， Crangonyx
pseudogracilis（from England to Wales）.

0ften invasion by animal alien to an environment is seen as a danger for the Continuity of the old bioCoenosis .
But before reaChing this ConClusion the reason for the suCCessful invasions should be examined. PrediCting whiCh
speCies will invade and the effeCts of the invasion is diffiCult［70］. Saturated bioCoenosis is normally stable and the
eCologiCal niChes are filled with speCialised speCies whiCh are very well adapted to those Conditions . Invaders are
only suCCessful，if they find an empty niChe or if they are better suited to the environment .

0ften，human impaCt Causes great Changes in the environment of aquatiC eCosystems（see above）. If a native
speCies is unable to adapt to the new Conditions，it would beCome extinCt and Consequently open an opportunity for
an AIAS. The formerly saturated bioCoenosis Changes to unsaturated，with niChes whiCh are open to a new speCies .
Now it’s left to ChanCe as to whiCh speCies arrive first，and whiCh speCies are able to establish themselves in the
new Conditions . AIAS often have the advantage，beCause most of them have a wide eCologiCal toleranCe.

BeCause this exChange of speCies now happens globally，it Can be seen as a hazard to global biodiversity . There
are many sensitive eCosystems suCh as islands，for whiCh this is a real danger，threatening the CharaCter of these
unique living Communities . This would Cause a loss of the identity of an entire eCosystem［10］. However，in Germany
the situation is slightly different . BeCause of the ICe Age all surviving and still existing speCies are very resistant and
Competitive［12］.

2 .2 The suitability of the German waterways for aquatiC invasive alien speCies（AIAS）

In the last 100 years the number of AIAS in German water bodies has risen dramatiCally［71］. There are different
Causes for this trend. During and after the industrial revolution，untreated wastewaters were disCharged into rivers
and streams. River water was used as Cooling water for power plants，altering the temperature range of the loCal
aquatiC environment . Additionally，rivers were Canalised for irrigation and transport without Consideration of the
habitat losses . What remained were water ways without eCologiCal varianCe，henCe very low in speCies riChness .

SinCe the seventies，Communal and industrial wastewaters have been subJeCted to a higher standard of
treatment . This has resulted in a steady improvement of water quality in rivers，streams and lakes . ACCordingly，
more and more speCies whiCh were previously found only in small surviving populations have resettled in the
improved waters . Nevertheless，many eCotopes have been left vaCant，and beCause of the rising international traffiC，
many new speCies have been introduCed. Additionally，beCause of the ICe Age there is a laCk of speCies，espeCially
CrustaCean［12］，Causing more open eCologiCal niChes . And it is obvious，that the proportion of CrustaCean AIAS is
high（see Table 1）.

In 1971 the proportion of invasive maCrozoobenthiC speCies in the Rhine was 38 % with some of those speCies
showing signs of rapid expansion. But by 1980 they deCreased to 11 % and the danger of rapid expansion had
deClined，too［72］.

The European river system is a network with the main rivers being the Rhone，the Rhine，the Elbe and the
0der in north-south orientation，and the Danube，the Bug，the PripJet，the Mosel and the Seine in east-west
orientation（Fig . 1）. There are so many Canals ConneCting these rivers that boat travel is possible almost everywhere



in Central Europe. All these waterways are potential routes for the spread of AIAS. In 1992 the Rhine-Main-Danube
Canal opened，and this shortCut from East to North was used by many pontoCaspian speCies（see Table 1）to invade
from the Danube-into the Rhine-system［73］.

Fig.1 European main river system and water ways

To analyse the possible Causes whiCh faCilitate the dispersal of AIAS，we investigated 10 tributaries in the
Rhine-area between Koblenz and the border of the Netherlands in 1996 . 0ur hypotheses were that human impaCts in
partiCular Can faCilitate the dispersal of AIAS. Therefore，the tributaries were Chosen with respeCt to navigability，
water quality，salinity and temperature pattern . Those faCtors are an indiCation of the degree of human impaCt . The
Rhine area was Chosen beCause the Rhine is one of the biggest rivers in Central Europe with the highest traffiC rate .
The Rhine is ConneCted to the North Sea and other river systems in east and west via Canals . Also a large number of
industries are situated along its banks，using its water for Cooling and disCharging waste water into it［74］. The fauna
of the Rhine is one of the best investigated in European rivers and the arrival of AIAS has been doCumented for
deCades .

All tributaries have a direCt and natural ConneCtion to the Rhine. The invertebrates were sampled within a 15
km seCtion up from the tributary mouth. We used the“kiCking teChnique”［75］with a meshsize of 0 .5 mm and 20 Cm
diameter net . Samples were preserved in 70% ethanol in the field and returned to the laboratory where invertebrates
were separated from organiC matter and inorganiC material by elutriation . Any remaining， relatively heavy
invertebrates（e. g . mollusCs and Caddisflies）were removed by hand from the elutriation trays . All aquatiC
invertebrates were sorted and identified to the lowest taxonomiC level possible（speCies in most Cases）under a
stereomiCrosCope（Stemi SV 8，Zeiss，Jena，Germany；magnifiCation 6 - 80 × ）. Chironomidae were identified to
subfamily and 0ligoChaeta to Class . Table 2 shows the results of the investigation .

The tributaries are sorted by their proportion of AIAS. Tributaries that have suffered two or more inCidents of
human impaCt show a higher proportion of AIAS，than those with none（KalflaCk，Wied，Ahr）or only one inCident

（Sieg）of human impaCt . Navigability and salinity seemed to be the most influential faCtors whiCh faCilitate the
suCCess of AIAS. The river Mosel，whiCh has been affeCted by three faCtors of human impaCt（navigability，elevated
salinity and low water quality）， showed by far the highest proportion of AIAS（25%）. All speCies of AIAS that
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were found in the various waterways during the study were also found in the Rhine. It is self-evident that the origin
of all the AIAS was the Rhine. This shows that all ConneCtions in the river system are open to AIAS and that they
Could reaCh every part of every river ConneCted with the main water ways in Central Europe.

Table 2 Comparison of 10 Rhine tributaries with respect to different human impacts（marked with asterisk*）

Tributary name Navigability Salinity Temp. pattern
Water

quality［LAWA 1995］

Total speCies
number

Proportion
of AIAS［%］

Mosel Yes* Elevated * Normal 2，2 - 3 * 24 25，0（***）

Lippe No Elevated * Normal 2，2 - 3 * 58 17，3（**）

Ruhr Yes* Normal Normal 2，2 - 3 * 36 13，8（**）

Lahn Yes* Normal Normal 2，2 - 3 * 45 13，3（**）

Erft No Normal Elevated * 2，2 - 3 * 27 11，1（**）

Wupper No Normal Elevated * 2，2 - 3 * 31 10，0（**）

Sieg No Normal Normal 2，2 - 3 * 23 8，6（*）

KalflaCk No Normal Normal 2 68 5 .9
Wied No Normal Normal 1 - 2，2 34 3，1
Ahr No Normal Normal 1 - 2，2 39 2，6

This result Confirms the theory that human impaCted environmental systems are more susCeptible to AIAS than
natural and stable systems. The proportion of AIAS was muCh higher in the seCtions of waterways subJeCted to human
impaCt than those not affeCted by human impaCt . In Germany the best proteCtion for the original bioCoenosis is
environmental proteCtion through biotope proteCtion and biotope Conservation measures . If the living Communities are
not weakened beCause of environmental pollution or other habitat Changes，they are very Competitive and strong.
Until today，in Germany，AIAS have not displaCed any of the native speCies . Here，the question of the danger of
AIAS to native Communities must be asked in a different way. The CharaCter or the identity of native Communities is
in danger not beCause of AIAS，but beCause of environmental Changes Caused by human impaCt . It is a faCt that
almost every waterbody in Germany is affeCted by human impaCt -（ see above）and Consequently the native
Communities are weakened or even reduCed in their biodiversity . SuCh waterbodies are open to AIAS，whiCh often
settle suCCessfully beCause of their wide eCologiCal toleranCe. They oCCupy the vaCant eCologiCal niChes，and should
the environmental Conditions improve，native speCies are unable to return . Most AIAS are well integrated in the
Central European waterbodies with several speCies being important faCtors in the food Chain . Dreissena polymorpha
for example，is an important food sourCe for migrating water birds . Corophium curvispinum is an important food
sourCe for many fish speCies［10］. 0n the other hand，in times of outbreaks，single speCies Can Cause great
eConomiCal damage. For example，in the Lake of ConstanCe，Dreissena polymorpha bloCked pipes of waterworks and
Eriocheir sinensis damaged fishnets in the lower Elbe［76］. But suCh phenomea existed for only a few years until a
biologiCal balanCe returned.

3 Summary

Dodd［5］presents a ConCeptual eCologiCal model，Considering that exCeptions exist . We Can use this model to
summarise the problem.

a）Most invaders fail to establish . As failed invasions are never doCumented，the suCCess rate of invasions is
not well-known.

b）Most suCCessful invaders are integrated without maJor effeCts on the eCosystem or Community，although some
have maJor effeCts .

C）All aquatiC systems Can be invaded.



d）MaJor effeCts are observed most often in low-diversity systems，inCluding island and highly disturbed
habitats .

e）Top predators that invade suCCessfully are more likely to have a strong environmental effeCt than suCCessful
invaders at lower trophiC levels .

f）SpeCies must have physiologiCal and morphologiCal CharaCteristiCs that suit an environment to invade
suCCessfully .

g）Invaders are most likely to beCome established when native speCies are disturbed. Natural or anthropogeniC
disturbanCe inCreases susCeptibility to invasion.

h）SuCCess of invaders Can depend on environmental variability .
i）Very stable systems may be susCeptible to invasion，although Current data do not Confirm this .
J）The greater the number of invading individuals and the greater the frequenCy that they are introduCed，the

greater the probability that they will beCome established.
k）SpeCies with a history of being invasive are most likely to invade other habitats .
We Can ConClude that understanding the eCology of eCosystems is the most essential element in understanding

and managing the oCCurrenCe and impaCt of AIAS.
In Germany，the danger of AIAS is present all the time beCause of the disturbed environment and the huge

amount of international traffiC . The laCk of speCies Caused by human impaCt and the ICe Age is obvious，so that
Consequently AIAS have no problems to find open eCologiCal niChes and settle suCCessfully . 0n the other hand，the
danger that AIAS Cause extinCtion of native Central European speCies is to be ranked very low. BeCause of the ICe
Ages the remaining German living Communities are very Competitive and stable and Can survive the Competition with
AIAS.
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大型底栖动物入侵种：它们是否对

德国水生动物群落构成威胁？

Melanie C. BECKMANN，杨 健，徐 跑

（中国水产科学研究院淡水渔业研究中心，无锡 214081）

摘 要：在水体中发现大型底栖动物入侵种是一种世界范围普遍的现象。人类移动的同时将物品从一个大陆

带到另一个大陆，这使许多水生动物物种能够突破自然的防线侵入到其他的区域和大陆。藉由人类现代的旅

行方式，在不同区域间移动的物种数量显著增加，成功入侵种的数量也随之增多。成功入侵种需要具备一些

特征，如可动性，小体型，适应性强和繁殖率高等，这些均有利于物种跨区域的入侵。当然，新生活环境也必须

满足可适应的标准。对一个受人类活动破坏而丧失其原有物种的水环境来说，它对新物种入侵的抵抗力会很

弱甚至缺乏。德国水体受人类活动的胁迫非常严重，许多自然水体受到的破坏已无法挽回，有些甚至已经完

全成为了人工环境。这些水体由相互连接着的溪流河川网络组成，这很容易使新物种的入侵范围扩大。在外

来物种的入侵面前，受人类活动胁迫和直接破坏的水体，比尚保持着天然环境状况的水体更加脆弱。

关键词：底栖动物；群落；入侵种；德国；水体
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