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Abstract 

The catchment areas of transboundary streams in the Netherlands have been subject to increasing agricultural and 
industrial activities over the past decades. To evaluate the effects of these activities on the aquatic vegetation, 
a study has been carried out in 28 Dutch transboundary lowland streams. Recent data on distribution of 58 
aquatic plant species and their growth forms were compared with historical data and were correlated with abiotic 
variables. Most of these streams lost species that are characteristic for streams and are sensitive to turbidity, 
eutrophication and pollution (e.g. Potamogeton alpinus, P. polygonifolius, P. densus, Ranunculus peltatus ssp. 
heterophyllus, Callitriche stagnalis and Myriophyllum alterniflorum.) Species, not common in streams but tolerant 
to turbidity, eutrophication or pollution (e.g. Potamogeton trichoides, Elodea nuttallii) appeared in many streams 
or increased in abundance. There was also a shift in growth forms: submerged species decreased or were replaced 
by emergent/floating-leaved species. Correspondence analysis was carried out to study the relation between the 
observed changes and the abiotic characteristic of the streams. The magnitude of the shift in species composition 
was positively correlated with the pO34 - concentration and pH (which was highly correlated with Cd 2+) of the 
water. This leads to the hypothesis that increased input of sewage, agricultural and industrial water causes a change 
in species composition and main growth forms of aquatic plant species in lowland streams. 

1. Introduction 

Most of the regional rivers and streams in the Nether- 
lands are lowland streams (Hynes, 1975; Haslam, 
1987). They are characterized as having fine sediments 
and a low velocity, creating a habitat for aquatic macro- 
phytes and hence a diverse ecosystem. The ecological 
function of macrophytes is two-fold. As primary pro- 
ducers, they provide energy in the form of carbon 
compounds to the system. Furthermore, they act as a 
substrate and provide shelter for macrofauna organ- 
isms, fish and amphibian species (Gessner, 1955; 
Hynes, 1970; Haslam, 1978; Tolkamp, 1981). 

Part of the Netherlands can be considered as the 
delta of the rivers Rhine, Meuse and Scheldt with 
their tributaries (regional streams). About 130 regional 
streams are transboundary and have their origin in 

Belgium or Germany. The total foreign catchment area 
of these streams is 9,400 km 2. They are of interest 
in solving eutrophication and pollution problems in 
the context of administration and legislation (Mesters, 
1990). 

Concentrations of most nutrients, metals and heavy 
metals in these transboundary streams are high. Their 
chemical composition appears to differ depending on 
the country of origin (Molenaar & Bleuten, 1992). 
Those, crossing the German-Dutch border, are mainly 
affected by agricultural activities. High nutrient levels 
are frequently encountered in these streams (Van 
Dijk et al., 1992). Those crossing the Belgian-Dutch 
border are affected by agricultural activities but also 
by the discharge of unpurified sewage and (metal- 
lurgic) industrial wastes (Molenaar & Bleuten, 1992). 
In these streams, high levels of nutrients and high 



296 

levels of heavy metals, especially Zn, Pb and Cd, 
Occur.  

The continued increase of agricultural and indus- 
trial activities leads to an ongoing release of nutrients, 
particulate organic matter and heavy metals. To eval- 
uate the effect of these activities on the macrophytic 
vegetation in transboundary streams during the last two 
decades, a comparative study has been carried out in 
which species composition, growth form of the aquatic 
species and a series of abiotic parameters have been 
investigated in 28 transboundary streams. 

The aim of this study was to answer the following 
questions: 

- Has there been a change in aquatic plant species 
composition and in species abundances in the 
transboundary lowland streams over the last two 
decades? 

- Has the distribution of growth forms (emergent, 
floating-leaved or submerged species) changed 
during this period? 

- Is there a correlation between such vegetational 
changes and abiotic parameters (nutrient level, 
catchment area)? 

IK'~[1 I ~ l  f i  f i  

2 .  M e t h o d s  

2.1. Data collection 

28 transboundary regional streams in the Netherlands 
were studied (Fig. 1). Sampling sites were located 
midway along the length of the stream. The locations 
were preferably at or close to the national border, in 
order to enable comparisons with measurements on 
abiotic parameters, collected by Molenaar & Bleuten 
(1992). Historical data on macrophytic composition 
for each of these streams were collected from literature 
and unpublished data. Field sampling was carried out 
between 1985 and 1991 at the same locations where the 
historical data had been collected. Locations, sampling 
years, and data on velocity and stream dimensions are 
given in Table 1. 

At each location, relev6s of variable size were 
made. This size depended on the stream dimensions. In 
general, a stretch of 20 to 50 m in length was studied. 
The width of each relev6 equalled the stream width. 
In each relev6, the presence and abundance of each 
aquatic macrophytic plant species was recorded by vis- 
ible observations from the water surface. Abundances 
were determined according to a modified Tansley scale 
for each species (1: sparse; 2: rare; 3: occasional; 4: 
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Map of the Netherlands with the transboundary streams 
studied. Streams are numbered according to Table 1. 

locally frequent; 5: frequent; 6: locally abundant; 7: 
abundant; 8: codominant; 9: dominant). 

Taxonomic nomenclature followed Heukels & Van 
der Meijden (1983). If necessary, the indicator for 
abundance in the historical data was translated into 
the modified Tansley scale. 

2.2. Data analysis 

Shifts in species presence between the historical and 
the recent situation were grouped into three cate- 
gories: 

- occurring only in the recent situation (+) 
- occurring in both periods (o) 
- occurring only in the historical situation ( - ) .  

In addition, changes in average abundance per species 
were calculated by subtracting the abundance values 
for the historical period from those of the recent 
period. 

Five types of growth forms were distinguished: 
three main types, emergent (E), floating-leaved (F) and 
submerged (S), and two intermediate types, emergent/ 
floating-leaved (EF) and floating-leaved/submerged 
(FS). Species of the type 'EF'  are emergent species 
in lentic waters, but can also be floating-leaved in 



Table 1. List of the 28 streams studied. For each stream, sampling year, source of the historical and recent data 
and some additional information on average summer values of velocity, depth, width and channelization (charm) are 
given (missing data are indicated with '..'). Notes indicate the source-codes of the sampling years: 1. unpublished 
data of the 'Dutch Stream Research Group' (Beken Werkgroep Nederiand, Achter Clarenburg 2, 3511 JJ Utrecht, 
The Netherlands); 2. unpublished data of H. W. J. van Dijk (Ari~.nsware 22, 8014 TE Zwolle, The Netherlands); 3. 
unpublished data of the Rijksherbarium Leiden, The Netherlands; 4. field data C. M. L. Mesters. Stream numbers 
are used in the other Tables and Figures 

297  

Stream Data source Additional information 
Nr Name Historical Recent Velocity fro/s) Depth ~m) Width (m) Chann. (y/n) 

1 Weerijs 19801 19914 0.20 0.7 12 y 

2 Hollandse loop 19781 19914 0.40 0.6 5 n 

3 Strijbeekse beek 19751 19914 0.16 0.6 6 y 
4 Merkske 19781 19914 0.17 0.4 3 n 
5 Grote Beerze 19741 19914 0.30 0.6 6 y 
6 Dommel 19463 19914 0.90 0.7 6 y 
7 Tongelreep 19712 19914 0.20 0.3 5 y 
8 Sterkselse Aa 19712 19914 0.20 0.3 3 n 
9 Itterse beek 19702 19871 0.30 0.2 5 y 

10 Uffelse beek 19702 19871 0.50 0.3 7 y 
11 Rennebeek 19702 19871 0.00 0.3 3 y 
12 Raambeek 19702 19871 0.10 0.2 3 y 
13 Jeker 19363 19904 .. 1.0 7 n 
14 Gulp 19702 19851 .. 0.2 4 n 
15 Geul 19702 19891 0.90 0.6 6 n 

16 Vlootbeek 19702 19881 0.05 0.6 6 y 
17 Roode beek 19761 19904 0.05 0.5 3 n 
18 Boschbeek 19761 19881 .. 0.1 2 n 

19 Maasnielderbeek 19702 1986 j 0.05 0.1 1 y 
20 Swalm 19702 19904 0.80 0.6 6 n 
21 Eckeltse beek 19712 19881 0.05 0.2 2 y 
22 Kroonbeek 19712 19881 0.40 0.2 4 .. 
23 Slinge 19751 19904 .. 0.6 8 n 
24 Beurzerbeek 19761 19904 0.10 1.0 9 y 
25 Berkel 19831 19904 .. 2.0 14 y 
26 Ruenbergerheek 19721 19863 .. y 
27 Dinkel 19721 19894 .. n 
28 Puntbeek 19322 19863 .. y 

s t r eams  (e.g., Glyceria fluitans and Sparganium emer- 
sum). Spec ie s  o f  the  type  ' F S '  h a v e  f loa t ing  l eaves  b u t  

a c o n s i d e r a b l e  par t  o f  the  s h o o t  r e m a i n s  s u b m e r g e d  

(e.g. Callitriche platycarpa and Luronium natans). 
T h e  c h a n g e s  in  spec ies  c o m p o s i t i o n  were  e x p r e s s e d  as 

c h a n g e s  in  spec ies  n u m b e r  pe r  g r o w t h  f o r m  for  each  

s t ream.  

To exp l a in  c h a n g e s  in the  aqua t ic  v e g e t a t i o n  in  

the  s t reams ,  c o r r e s p o n d e n c e  ana lys i s  (CA,  Ter Braak ,  

1985)  was  ca r r i ed  out .  T h e  a s s u m p t i o n  o f  th i s  m e t h o d  

is tha t  the  o c c u r r e n c e  o f  all  spec ies  in  the  s i tes  s tud ied  is 

d e t e r m i n e d  b y  a set o f  ( u n k n o w n )  e n v i r o n m e n t a l  var i -  

ables .  C A  cons t ruc t s  an  o r d i n a t i o n  d i a g r a m  in  w h i c h  

the  s i tes  are o rd ina t ed  b a s e d  o n  the i r  species  c o m p o -  

s i t ion  only. A s  the  species  c o m p o s i t i o n  o f  each  si te  

r ep re sen t s  a specif ic  e n v i r o n m e n t a l  c o n d i t i o n ,  the  

o r t h o g o n a l  axes  o f  the  o r d i n a t i o n  d i a g r a m  can  be  con-  

s ide red  to b e  e n v i r o n m e n t a l  axes  tha t  bes t  exp l a in s  

the  v a r i a t i o n  in  species  c o m p o s i t i o n  o f  the  sites. 

Spec i e s  a b u n d a n c e s  were  l o g a r i t h m i c a l l y  t r a n s f o r m e d  

to g ive  less  w e i g h t  to d o m i n a n t  species .  S ince  the  

e n v i r o n m e n t a l  da ta  are n o t  d i rec t ly  i n c o r p o r a t e d  in the  

ana lys i s ,  the  axes  r ep resen t  ' t heo re t i ca l  e n v i r o n m e n t a l  

v a r i a b l e s '  ( J o n g m a n  et al., 1987) .  

To iden t i fy  the  ' t heo re t i ca l  e n v i r o n m e n t a l  var i -  

a b l e s '  d r i v i n g  the  first CA-ax i s ,  a P e a r s o n  co r r e l a t i on  
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Fig. 2. Changes in species number per stream. Species are clustered 
in 'appeared species' (only found in recent years), 'disappeared 
species' (only found in historical years) and species 'occurring in 
both periods' (found in historical as well as in recent years). Streams 
are numbered according to Table l and are ordered from highest 
increase in species to highest decrease in species (see Table 3). 

analysis was carried out (SAS Inc., 1985). For each 
site, the distance and the direction between the CA- 
value of  the historical and of  the recent data along the 
first ordination axis was calculated and correlated with 
the following abiotic variables (available for the recent 
situation only from Molenaar & Bleuten, 1992): catch- 
ment area, drainage, pH, conductivity (EC: #S/cm), 02 
(mg/1), NH4 + (mg/1), NO 3 (mg/1), NO 2 (mg/l), PO 3- 
(mg/1), Cd 2+ (mg/1) and C1- (mg/1). Additionally, the 
correlation between the abiotic variables was tested 
(Table 4). As data on these parameters were not avail- 
able for all streams, part of  the differences found are 
discussed with literature data. 

3. Results 

There were no significant overall changes in average 
species number per stream (Table 2), nor were there 
any significant differences in species number between 
the streams crossing the Belgian-Dutch border and 
those crossing the German-Dutch border. In many indi- 
vidual streams, however, there were very strong shifts 
in the number of  species (Fig. 2). An increase in species 
number was observed in nine streams, while a decrease 
in species number was observed in eight streams. In 
eleven streams, simultaneously many species disap- 
peared and other species became established (Table 3). 
Thus, some streams showed drastic changes in species 
composition. 

3.1. Species 

Three species categories were distinguished accord- 
ing to their differences in distribution over the period 
studied (Fig. 3, Table 3). 
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Fig. 3. Scatter diagram of the species plotting the changes in 
number of streams each species occurred in (horizontal axis) versus 
the change in abundance of the species (vertical axis) between the 
two periods. Species are numbered according to Table 2. 

A considerable group of  species ( 'I-species' ,  e.g. 
Elodea nuttallii, Potamogeton trichoides, Glyceria 
fluitans and Callitricheplatycarpa, upper part of  Table 
3) increased in presence and abundance. Most of  
these species were only found in the recent years, 
although some species (e.g. Agrostis stolonifera, Ror- 
ippa amphibia, Callitriche hamulata) were found both 
in the historical and in the recent situation. Their aver- 
age abundance was always higher in the recent than in 
the historical situation (Fig. 3). Conditions for these 
species therefore seem to have improved during the 
period studied. 

The second group of  species ( 'ID-species ' ,  central 
part of  Table 3, e.g. Sparganium emersum (emergent/ 
floating-leaved), Potamogeton natans (floating- 
leaved), Nitella flexilis (submerged) and filamentous 
algae (floating)) increased in presence and abundance 
in many streams, but they decreased in presence and 
abundance in many other streams. However, when all 
streams were considered, they showed no net change 
in presence or abundance. The growth conditions for 
these species may have changed per stream, possibly 
related to stream management activities. 

The third group of  species ( 'D-species ' ,  lower part 
of  Table 3) declined in presence and abundance or even 
disappeared from streams in which they used to grow 
in the historical situation. Ranunculus peltatus, R. flui- 
tans, Elodea canadensis, Alisma plantago-aquatica 
and Sagittaria sagittifolia generally decreased in dis- 
tribution, although in some streams they occurred 
in both periods. Potamogeton alpinus, P. densus, 
P. polygonifolius, P. perfoliatus and Myriophyllum 



Table 2. Mean total species number, mean species number per border and mean percentage of 
species per type of growth form. Values presented are given as mean 4-1 se. Different letters 
(given for the percentages) indicate a significantly different growth form composition in either 
the historical or the recent situation (Tukey a posteriori test after a two-way ANOVA; SAS Inc., 
1985). The differences between the periods were calculated using a paired t-test (SAS Inc., 1985). 
Significant differences are indicated with * (p < 0.05) or n.s. (not significant) 

n Species number Difference 
Historical Recent 

All streams 28 6.0 4- 0.70 6.5 -4- 0.81 n.s. 
Belgian-Dutchborder 15 6.1 4- 0.90 7.5 4- 1.19 n.s. 
German-Dutch border 13 5,8 4- 1.10 5.2 4- 0.98 n.s. 

n Percentage 
Growth forms Historical Recent 

Difference 

Emergent 28 17.1 4- 4.6 b 18.2 4- 3.2 ab n.s. 
Emergent/floating-leaved 28 15.4 4- 3.0 b 26.2 4- 4.2 a * 
Floating-leaved 28 14.7 4- 4.0 b 16.2 4- 4.3 ab n.s. 
Floating-leaved/submerged 28 10.2 4- 2.3 b 8.8 4- 1.7 b n.s. 
Submerged 28 42.6 4- 5.9 a 23.2 4- 4.1 a * 
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alterniflorum, however ,  total ly  disappeared.  Excep t  

for  P. polygonifolius these species are all submerged.  
Fo r  these species,  decreas ing in presence  and abun- 

dance,  the growth  condi t ions  apparent ly  deter iorated 

dur ing the per iod  studied. 

3.2. Growth forms 

Genera l ly  speaking,  a s l ight  shift  was observed  

f rom submerged  towards  f loa t ing- leaved and emer-  

gent  species (Fig. 4). T w o - w a y  Analys i s  o f  Variance 

( A N O V A ,  Table 2) showed  signif icant  differences in 

g rowth  f o r m  for  each t ime per iod  (F  ~ 10.48 and p = 
0.0001) and a signif icant  in teract ion be tween  growth  

fo rm and per iod  (F  -- 3 .94 and p ~ 0.004).  

In the his tor ical  s i tuation,  the percentage  o f  species 

wi th  submerged  growth  fo rm (S) was s ignif icant ly  

h igher  than that o f  all o ther  g rowth  forms (p < 0.05). In 

the recent  si tuation,  this d i f ference  only  remained  with 

f loa t ing- leaved submerged  species.  This  was due to the 

percentage  o f  submerged species (S) b e c o m i n g  signif-  

icant ly  lower  (p -- 0.024) and, in contrast  wi th  this, the 

percentage  o f  emergent / f loa t ing- leaved  species (EF) 
b e c o m i n g  signif icant ly h igher  in the recent  per iod  (p 

0.047).  
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Fig. 4. Shift in number of species per growth form per stream: + z 
net increase, - ~ net decrease. E = emergent, F ~ floating-leaved, S 

submerged, EF and FS are intermediate, for explanation see text. 
Streams are numbered according to Table 1. 

3.3. Correlation with abiotic variables 

The CA-ana lys i s  showed  a l imi ted  var ia t ion wi th in  

and be tween  the streams; many  of  the streams were  

situated near  the or ig in  (Fig. 5). However ,  the 
magni tude  o f  the shift  a long the first ordinat ion  axis 

was s ignif icant ly  nega t ive ly  correla ted with  the area o f  

the ca tchment  ups t ream o f  the sample  site (R ~ 0.74; p 

= 0.0003),  pH  (R = - 0 . 5 9 ;  p ~ 0.0012) and PO 3-  con- 

centrat ion in the water  (R -- 0.74; p = 0.0015).  The  
var iables  ' a rea '  and PO 3-  were  s t rongly pos i t ive ly  
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Table 3. Survey of changes in species composition in the streams studied. Streams are ordered according to the changes that have been recorded. 
Species are grouped in the three categories: 'I-species' (species with net increase in presence and abundance), 'D-species' (species with net decrease 
in presence and abundance) and 'ID-species' (species with no net changes). The change of each individual species in the streams is indicated with: 
+ (occurring only in the recent situation), - (occurring only in the historical situation) and 0 (occurring in both periods). Information is also given 
on the growth form of each species: E = emergent, F = floating-leaved, S = submerged, EF and FS are intermediate forms, for explanation see text 

Species 

Nr grfr Name 

Streams 

With more species With equal number of species With less species 

I 8 3 22 28 23 15 7 17 2 12 26 27 13 II 19 20 6 I6 9 10 21 5 4 24 14 18 25 

q-species'  

8 FS Call i tr icheplatycarpa KiJtz. + + + + + + + 

36 EF Phalarls arundinacea L. + 0 + 0 + + + + + 

22 EF Glyceriaf lui tan~ (L.)R.Br. --  + 0 + + + + 

2 EF Agrost is  s tolonifera L. + 0 + - -  0 + 

53 E Rorippa amphibia (L).Besser + + + + + 

48 S Potamogeton trichoides Chain. et Schld. + + + 

32 E N a s t u r t i ~  microphyllum Rchh. + + + + 

16 S Elct leanut tal l i i  (Planch.)St.John 0 + + 

6 S Calli triche hamulata Ktkz. ex Koch + 0 + 0 + - -  

I I E Cardamine pratensis  L. + 

7 FS Calli triche obtusangula Le Gall + + + 

44 S Potamogetcn p e c t i n a t ~  L. 0 + + 

I E AIopecurus geniculatus L. 

58 E Veronica beccabunga L. + 

] 7 E Equisetum arvense L. 

] 4 E Eleocharis  palustri$ L. 

35 F Nymphoides  peltata (GmeL)O.Kuntze 

' lD-species'  

20 S f i l ~ e n t o ~  algae + + + + + 0 

29 E Myosot is  laxa/Falustris LehmdL.  + + + + + 0 

39 S polygonum hydropiper L. + - -  

43 F Potamogeton natans L. - -  0 + - -  

23 E Glyceria m a ~ m a  (Har~m.)Holmb. + - -  - -  

57 E Sparganlum ereetum L + + + + 

25 F Lemna gibb~ L. + 0 + - -  + 

56 EF Sparganium emersum RehnL + 0 0 0 0 + - -  

33 S Nite l la f leMlis  0 0 

28 E Memha aquatica L. 

55 S Scirpus fluitans L + 

26 F Lenma minor  L. + 

27 FS Luranium natans (L.)Raf. 

13 S Eleoehari$ acicularis (L.)R. et Sch. --  + 

'D-species' 

51 S Ranuneulus f luitans L. 0 

54 EF Sagittaria sagitti folia L. 

3 E A l i sma  plantago-aquatiea L. + + 

52 S Ranunculus peltatus + + 

spp heterophy Ilus Schrank 

15 S Elodea canadensis Michx.  - -  + - -  

I0 FS Calli triche spp. + - -  - -  

34 F Nuphar lutea (L)Sm.  0 + --  0 + 

19 E Equisetum paluatre L. - -  0 

47 S Polamogeton pusil lus L. ÷ 

41 S P o t a m o g e t ~  c r i s p ~  L. + 

18 E Equisetum fluviati le L. 

40 S Potamogeton alplnus Balb. 

46 F P o t a m o g e t ~  p o l y g ~ i f o l i m  Pour .  

45 S Potamogeton perfoliatus L, 

37 E Phragmites australis (Cav)Trln. ex Steud. 

42 S Potamogeton densus L. 

30 S Myriophyllum aherniflorum DC. 

12 S Ceratophyllum demersum L. 

24 S Juncus bulbosua L. 

50 FS Ranunculus aquatilis L. 

38 EF Polygonum amphibiura L. 

4 E Apium inundatum (L.)Rchb.f 

5 E Apium nodiflorum (L)Lag.  

21 E Glyceria declinata Br~b. 

9 F Callitriche s t a g ~ l i s  Scop. 

31 S Myriophyllum spicatum L. 
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Fig. 5. Results of the correspondence analysis, showing actual 
and historical position of the streams along the first and second 
orthogonal CA-axes. Streams are numbered according to Table 1. 

inter-correlated and, additionally, pO34 - was signif- 
icantly positively correlated with NH +, NO 3 and 
discharge (Table 4). The variable pH was positively 
correlated with Cd 2+. 

4. Discussion 

Aquatic vegetation in Dutch transboundary streams 
has changed significantly over the past two or more 
decades. Not only has a shift in species composition 
occurred, but also a remarkable shift in growth forms 
of the aquatic plant species. Increased loads of sewage 
water, household waste water and agricultural run-off 
are the most probable causes of these shifts. They 
can result in eutrophication, sedimentation of organic 
matter, increased turbidity and accumulation of heavy 
metals. Eutrophication is expected to result in increas- 
ing species abundances and competition may then lead 
to dominance of few species. Sedimentated organic 
matter, heavy metals and turbidity are all expected to 
result in decreasing species number and abundances. 
Although the influences of these factors are difficult to 
separate with the data available, the following discus- 
sion section will be used to generate hypotheses on the 
separate effects of each factor. 

4.1. Eutrophication 

Eutrophication is often considered not to affect stream 
vegetation (e.g. Westlake, 1973). However, Spink 
(1992) concluded that a characteristic stream vege- 
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tation is best developed at low values of pH and pO34 - 
concentration in the water. The increase in presence 
of C. platycarpa and P. trichoides in German rivers in 
Lower Saxony during the last 40 years was attributed 
to eutrophication (Wiegleb et al., 1991). 

The increase in presence of Callitricheplatycarpa, 
C. obtusangula and Glyceria fluitans in this study indi- 
cates an increased nutrient load (Haslam, 1978; Van 
den Dool & Bruinsma, 1991; Wiegleb et al., 1991). 
Also the increase in presence of Elodea nuttallii and 
Potamogeton trichoides, species that normally do not 
occur in streams, suggests increased nutrient loads 
(Haslam, 1978; Wiegleb et al., 1991). Ranunculus 
peltatus ssp. heterophyllus, a species that is sensitive 
to eutrophication (Spink, 1992) decreased in presence 
in many streams. 

As natural streams are characterized by increased 
concentrations of nutrients in downstream direction 
(Dawson et al., 1978) there is a natural gradient of 
nutrient concentrations. The input of sewage and agri- 
cultural run-off leads to an increased nutrient load 
in all stream zones. Thus, an increase in eutrophi- 
cation, although also a positive agent for plant growth, 
will cause a loss of species that are characteristic for 
streams. Submerged species decrease in abundance 
and in presence, in favour of emergent species (Agami, 
1984). The natural trophic gradients disappear, allow- 
ing a limited number of species to dominate the entire 
stream system. 

4.2. Organic material 

Another key factor in the functioning of stream systems 
is organic material. Sedimentation of this material on 
the stream bed may result in a higher sediment nutrient 
availability. Sedimentation on the plants will lead to 
increased shading. 

Submerged aquatic plants promote the sedimenta- 
tion of particulate organic material that is transported 
downstream, due to their dense growth form which 
reduces stream velocity (Dawson, 1981; Brookes, 
1986). Sedimentation upon the planLs may have been 
the crucial factor for the disappearance of Elodea 
canadensis, Myriophyllum alterniflorum, Ranunculus 
aquatilis, R. peltatus and R. fluitans, as these species 
all require clear water and easily trap sediment in 
their dense canopies (Dawson, 1981). Some emergent 
species, however, are favoured by a thick organic sed- 
iment layer. Nasturtium microphyllum and Veronica 
beccabunga may adjust their rooting levels during 
sedimentation (Brookes, 1986) to protect themselves 
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Table 4. Pearson correlation analysis (SAS Inc., 1985) of the present-day environmental variables (area = the upstream 
catchment area, EC (conductivity), pH, NH4 + , NO 3 and PO 3- , CI-,  Cd 2+ and discharge) with each other and with 
the change (relative value) of the value for each stream on the first CA-axis in the historical and in the recent situation. 
The results are expressed in the following parameters: Pearson correlation coefficient (r), probability (p) and number of 
observations (n) 

First CA-axis Area EC pH NH4 + NO 3 pO34 - Cd 2+ CI- 

Area r -0.74 

p 0.0015 
n 15 

EC r -0.43 0.48 

p 0.10 0.07 
n 15 15 

pH r -0.59 0.42 0.27 

p 0.012 0.09 0.32 
n 17 17 15 

NH4 + r -0.23 0.32 0.14 -0.14 
p 0.37 0.21 0.62 0.59 
n 17 17 15 17 

NO 3 r 0.24 -0.08 0.34 -0.39 -0.25 
p 0.39 0.79 0.22 0.15 0.38 
n 15 15 15 15 15 

PO43- r -0.74 0.63 0.34 0.46 0.56 0.67 
p 0.0015 0.012 0.21 0.08 0.03 0.006 
n 15 15 15 15 15 15 

Cd 2+ r -0.53 0.31 0.004 0.57 -0.25 -0.40 0.19 
p 0.07 0.33 0.99 0.05 0.44 0.19 0.56 
n 12 12 12 12 12 12 12 

C1- r -0.16 0.34 0.64 0.04 -0.02 0.21 0.16 -0.22 
p 0.53 0.18 0.01 0.89 0.94 0.46 0.57 0.49 
n 17 17 15 17 17 15 15 12 

Discharge r -0.56 0.97 0.58 0.33 0.41 0.13 0.60 0.02 0.46 
p 0.07 0.0001 0.06 0.32 0.21 0.71 0.05 0.95 0.15 
n 11 11 11 11 11 11 11 9 11 

f r o m  b e i n g  s m o t h e r e d  b y  d e p o s i t e d  sed imen t .  T h i s  

way,  they  can  o p t i m a l l y  take a d v a n t a g e  o f  the  h i g h e r  

n u t r i e n t  ava i l ab i l i ty  in  s e d i m e n t s  r ich  in  o rgan ic  ma te -  

rial .  

The  d i f fe rences  in  nu t r i t i ona l  s t ra tegy b e t w e e n  

d i f fe ren t  g r o w t h  f o r m s  (Denny ,  1972)  m a y  a lso  be  

r e s p o n s i b l e  for  shi f t s  f r o m  s u b m e r g e d  to e m e r g e n t  

spec ies  as pe r cen t ages  o f  o rgan ic  ma t t e r  in  the  sed- 

i m e n t  o f  up  to 20  pe rcen t  e n h a n c e  p l an t  g r o w t h  b y  

a h i g h e r  n u t r i e n t  ava i l ab i l i ty  (Barko ,  1983; B a r k o  & 

Smar t ,  1983,  1986).  

The  na tura l  g rad ien t  in  l o w l a n d  s t r eams  wi th  

respec t  to  o rgan ic  ma t t e r  ( low in u p - s t r e a m  zones ,  h i g h  

in d o w n - s t r e a m  zones )  wil l  d i s a p p e a r  u n d e r  con t inu-  

ous  ex t ra  i npu t  o f  pa r t i cu la te  o rgan ic  matter .  G r o w t h  

c o n d i t i o n s  for  e m e r g e n t  species  wi l l  p r o b a b l y  i m p r o v e  

in all s t r eam zones.  

4.3. Heavy metals 

Par t i cu la te  o rgan ic  ma t t e r  is a lso k n o w n  to be  an  

i m p o r t a n t  car r ie r  for  h e a v y  me ta l s  ( J o h n s o n  & v a n  



Hook, 1989). Although some metals (e.g. zinc) natu- 
rally occur in the stream system in very small amounts 
(Hutchinson, 1975), pollution from metallurgic indus- 
tries increases the load of heavy metals to toxic levels. 
In some streams along the Belgian-Dutch border (e.g. 
Dommel, Tongelreep) cadmium and zinc are released 
and enter the streams with surface water (Molenaar & 
Bleuten, 1992). High concentrations of Cd may have 
played a major role in the deterioration of the stream 
vegetation in the Dutch transboundary streams. 

Although heavy metals are toxic elements for many 
organisms (Schuster, 1979; Jana & Choudhuri, 1980; 
Guilizzoni, 1991) it is not clear if they play a signifi- 
cant role in the shift in plant species. Many plant 
species are able to accumulate enormous amounts of 
heavy metals (e..g Phalaris arundinacea (Abo-Rady, 
1980)) without showing any growth response. Still, the 
decline of Potamogeton perfoliatus and of S. sagitti- 
folia (Wiegleb et al., 1991) may be an indication for 
heavy-metal pollution, as these species are sensitive 
to this environmental hazard (Barko & Smart, 1983; 
Greger & Kautsky, 1991). 

4.4. Turbidity 

The release of sewage and agricultural run-off results 
in an increased load of particulate organic matter, caus- 
ing turbidity and thus reduced light availability in all 
stream zones. 

The disappearance of many submerged species that 
require clear water (e.g. Potamogeton polygonifolius, 
P. alpinus, P. densus, Ranunculus spp., Callitriche 
stagnalis and Myriophyllum alterniflorum) is in accor- 
dance with an overall decreasing trend in streams in the 
Netherlands as well as in adjacent countries (Butcher, 
1933; Haslam, 1978; Wiegleb, 1984; Mennema et 
al., 1985; Van der Meijden et al., 1989; Wiegleb et 
al., 1991; Spink, 1992). The decline of these sub- 
merged species has been accompanied by an increase 
in emergent/floating-leaved species (e.g. Glyceriaflui- 
tans). These species do not depend on clear water 
as most of the plant parts are above the water level. 
The shift from submerged to emergent/floating-leaved 
species therefore may be attributed to turbidity. 

4.5. Cutting regime 

In addition, the current cutting regime may have 
favoured specific tolerant species. Rigorously remov- 
ing the above-ground parts of the aquatic vegetation 
reduces the growth conditions of the stream-charac- 
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teristic species. As a continuous high load of nutri- 
ents and organic matter causes a disruption of the 
stream gradient and a disappearance of microhabitats, 
the stream may be colonized by non-stream species 
(e.g. Elodea nuttallii and Potamogeton trichoides). 
Once established, they may be more tolerant to cut- 
ting than the stream-characteristic species. Especially 
E. nuttalliiis known to have a high regeneration ability 
so that it can easily regrow from belowground parts 
after a vegetation cut (Van der Meijden et al., 1989). 
Such very competitive species (Dawson et al., 1978) 
compete with apparent success for light and micro- 
habitats in the stream system. As these species are 
often firmly embedded in the stream sediment, removal 
of them will be difficult. Being highly competitive 
(Spink, 1992) they reduce the growth conditions for 
stream-characteristic species (e.g. Ranunculus, Cal- 
litriche spp, Potamogeton natans). 

5. Synthesis and conclusion 

A hypothetical process of deterioration of the natural 
diversity of stream vegetation caused by eutrophica- 
tion, turbidity and pollution along a stream gradient is 
schematically summarized in four phases (A, B, C and 
D, Fig. 6). 

An increase in eutrophication and turbidity will 
cause a loss of sensitive stream-characteristic species 
(phase A). Stream-characteristic species that are 
tolerant to these impacts will increase in abundance. 
Submerged species decrease in abundance and in pres- 
ence, in favour of emergent species (Agami, 1984). 

The cutting regime in streams may add to this 
process (phase B). Rigorously removing the above- 
ground parts of the aquatic vegetation reduces the 
growth conditions of the stream-characteristic species. 
A continuous high load of nutrients and organic mat- 
ter causes a disruption of the stream gradient and a 
disappearance of microhabitats. This phase is charac- 
terized by a colonization of the stream by non-stream 
species. The stream vegetation will then consist of 
stream-characteristic and non-stream species. As the 
latter are often firmly embedded in the stream sedi- 
ment it will be difficult to remove them from the stream. 
Being highly competitive species (Spink, 1992) they 
reduce the growth conditions for stream-characteristic 
species. This will result in phase C, in which only non- 
stream species occur in the stream. Ongoing eutroph- 
ication and pollution will result in phase D, in which 
the stream is almost devoid of plant species. 
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Natural  s i tuat ion 

Phase A 

Stceam contains 
- stream-characteristic species 
- sensitive species 

I 
eutrophication 

higher input of organic matter (heavy metals) 

I 
T 

--  sensitive species disappear 
-- stream-characteristic 

tolerant species remain 

Phase B 

I 
more eutrophication 

higher input of organic matter (heavy metals) 
management 

I ¥ 

- -  n o n - s t r u m  species appear 
-- stream-characteristic 

tolerant species remain 

I 
strong eutrophication 

higher input of organic matter (heavy metals) 
rigorous management 

I 

-- stream-characteristic species 
Phase C disappear 

- non-stream species remain 

I 
i 

P h a s e  D I - almost devoid of vegetation 

Fig. 6. Scheme of (human) influences and evolution of streams by 
increasing impacts. 

It is not clear where to place the impact of heavy 
metals. It is suggested that they influence the stream 
vegetation in each phase, because of the toxic effects on 
biochemical processes in the plants (Jana & Choudhuri, 
1980). 

Most of the transboundary streams in this study 
can be categorized in phase B (e.g. Dommel, Itterse 
Beek and Weerijs) or phase C (Hollandse loop, Jeker 
and Uffelse beek). No streams can be categorized as 
'natural' and few streams can be categorized in phase 
A (e.g. Geul and Swalm) or phase D (e.g. Boschbeek 
and Berkel). 

The four phases are induced by different degrees 
of the same impact factors (sewage, agricultural and 
industrial wastewater). As the effects of these impact 
factors are strongly correlated, it is difficult to separate 

their relative importance. Further research is necessary 
to test this hypothetical scheme of deterioration. 

It is, however, important to realize that the gradual 
increase of nutrients and organic matter along a stream 
gradient is a natural process, creating a zonation in 
stream vegetation. Human activities that increase the 
load of nutrients and organic matter will lead to uni- 
form abiotic conditions in the whole stream system, 
reducing zonation and finally destroying the natural 
stream gradient. 
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