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PRBTACE

Acid rain is one of the most imporEanE threats to the environment. The
flrst ecological responses \íere seen in Ehe early seventies in the very
sensitive, poorly buffered, lakes of Scandinavia, although t.he at.mospheric
deposition in Ehat. area is much less than in The NeEherlands.

The results of the first invesEigations of the present author on Ehe
impact of acid rain on poorly buffered vrat.ers, malnly moorland pools, in The
Netherlands, demonstraEed thaE Èhese oligotrophic water bodies, wit.h a
highly characteristic flora and fauna, were much more affected by
acidification than Ehe Scandinavian lakes.

Therefore, regular moniËoring of chemistry and diatoms in some moorland
pools started in 1979. DiaÈoms were chosen as biological lndicators because
they are very sensitive to changes in acidity and because a unique set of
old samples, which could serve as a frame of reference, $ras avallable.

The inÈernat.lonal value of Chis project was recognized by the European
Comrunity, thaE funded a part of the research act.ivities.

ïhis document is noE only a report of Ehe research acÈivities of the
aut.hor, buË summarizes all the available knowledge on management,
physiography, chemistry, and bot.any of Ehe study sltes. ïherefore, it is a
base-line study for forthcorning monit.oring and modelling studies on Èhe
inpact of acid precipitat,ion in shallow freshwater bodies.

The Director



ABSTRACT

Monitoring of chemiscry and diat,oms at Ehree staEions in the moorland
pool Achterste Goorven and one station in Èhe pool Gerritsfles was sEarted
ln August 1979 and continued until February 1985. MoniEorlng in the pool
Kllplo began in May 1981. A similar program was sEart.ed ln the pools Tong-
bersven-I^Iest and Groot Hasselsven in April 1983. Bathymetry was studied in
all pools but GrooE Hasselsven. Inventorles of macrophyEes were also carried
out.

From the pools AchEerste Goorven, Gerritsfles and K1lplo diatom
samples, from the periods 19L6-29, 1948-53 and 1960-77, were compared with
samples obÈained in recent years. From Ehese pools al-so old data on
chemistry, mainly pH measurements, and data on the disErlbut.ion of
rnacrophytes were available.

In AchEerst,e Goorven and Gerritsfles the changes ln direcEly measured
PH, diatorn-inferred pH and macrophyte distrlbuElon lndlcate acidificatÍon.
About 1920,1950 and 1980 the pH 1n these pools was 5-6,4.5-5.5 and 3.7-4.7
respectlvely. In Kliplo, the pll changed from c. 5 ln 1924-29 ro c. 4.5 in
the period 1972-85. Both in Achterste Goorven and Gerrltsfles the dlversiry
of macrophytes and diat,oms decreased as a consequence of Ehe acidiflcation.

Dlfferences ln chenistry and biology of t.he pools are mainly caused by
differences Ln morphometry. In extremely dry years (e.g. 1921, 1959 and
1976) ln Kllplo c. 207" of. the bottom was exposed Eo the atmosphere, of rhe
Achterste Goorven c. 757", whlle Gerrltsfles was lntermediate ln this
respecÈ. Tttis has a marked influence on the blogeochemÍcal cycles 1n t,he
pools, especially that of sulphur.

Analysis of the diat,ons of Achterse Goorven between 1916 and L928
revealed that t.he severe drought of L92l dld not affect the diatorn
assemblages of thls pool. Probably also the effects on chemlstry were
negliglble. Apparently only minor amounts of reduced sulphur compounds were
stored in the sediments. In contrast, the drought of 1959 had a rnarked
lmpacE on chemlst.ry and dlatons of Gerrltsfles. The sulphur compounds, which
were Present ln t.he bot.t.om l-n reduced form and orlglnated from atmospherí.c
deposltion in t.he decades before, were minerallzed to sulphurlc acld.

The lnpact of the drought of 1976 could be studled ln detail. In
Kliplo, a humic pool with a very Lnt.ensive sulphate reductlon, no drought
induced changes of chenl_qtry and_ diatom assemblages could be observed
(average c. _{00 mmol mr- ll2 SO;, ). In Achrersre Goorven very high levels
(>1400 mmol m - l/2 SO; ) of -sulphaÈe were observed in" 19781 1lhichgradually lowered until c. 1982 to a level of c. 500 nrnol m' llz so: . rn
Gerritsfles, the sulphate concentrat,lon had a sirnllar pattern lg_ in
Acht,ersÈe Goorven and stabllized at a level of c. 250 rmnol l/2 So: in
1980-81. Ihese dlfferences are relaEed to morphometry and the water ref,ewal
t.ime, whlch is c. 5 years in Acht,erste Goorven and about 3 years in
Gerritsfles.

The deposltlon of sulphate is roughly balanced by thaÈ of ammonium,
whlch ls nltrlficated and subsequent,ly elther taken up by water plants or
denitrificated. The net results of thls chaln of reacÈlons ls Èhe production
of one mole of protons for each mole of ammonium. Ihis compensaÈes for the
consumption of one mole of protons durlng Èhe reductlon of one equlvalenÈ
mole of sulphate. Nevertheless, an lncrease of pH tn Achterste Goorven and
Gerritsfles was observed since c. 1980, probably as a result of the enormous
amount of sulphate reduced and released as sulphlde after the drought of
L976, leading to net sulphat,e reduction over ammonlum upt.ake. In Gerrit.s-
fles, the decrease of the acidobiontlc dlatom Eunotla exí.gua slnce 1980
Índicat,es some recovery from the disturbance caused by the drought of. 1976.
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1 INTRODUCTION

The present rePort is an account of the project 'Monitoring of chemlcal
characteristics and diatom assemblages ln moorland poolsr, whlch was st.arted
in 1982 as a continuation of the project I Constructlon of a frame of
reference for t.he assessment of the biological quallEy of surface waters ln
the Netherlands rrrith diatoms from old collectionst, whlch ran from 1978 Eo
t982.

Previous investigations (Van Dam et al. 198I) have shown that isolat.ed
moorland pools are seriously affected by acid precipitatlon. This appeared
particularly fron the comparison of old (1916-29) and recenr (1978) dlarom
assemblages from plankEon t.ow samples. rn the 16 pools whlch were
investigqted a wide range of sulphaEe concentratlons (120-1640 equivalent
mmol m -) was found. The differences seemed to be dependent on the
concentration of humic matter, the hydrology (perched wat.er table vs.
reglonal groundwater table) and the surrounding vegetaEion (open heathland
vs. pine forest).

Ihe degree of acidificatlon of moorland pools seems to be dependent on
morphometry. Especlally after dry summers, e.g. 1976, large increases of
sulphaÈe concentrations in moorland pools were observed afEer refilllng.
Vangenechten et al. (1981) observed a maximal sulphate concent,ration of
10600 equivalent nmol m ' in Belgian moorland pools. Similar responses Eo
the drought of 1976 were seen by Leentvaar (1984a) ln a foresE pond and
Roijackers (1985) in an oxbow pond. The acidiflcation after dry years is
caused by the nineralization of reduced sulphur compounds whlch were stored
ln the sediments. It ls a questlon tf t,hese sulphur compounds are naturally
Present or if they have been accumulated by aEnosphertc deposltlon ln recent
times. Analyses of changes caused by dry periods in Ehe pasÈ, e.g. lgzl.
1947 and 1959 nay shed light on this quest,ion. The lnpact of such dry
perlods will be most severe ln those pools were a large fraction of Èhe
bottom will be exposed to the atmosphere.

Until about a century ago the majorlty of the moorland pools in The
Netherlands, Belglum and Germany ïías situated in an open landscape of
heathlands and aeolian drift sands. Nowadays mosE of the pools are sltuate6
in forests of Scots plnes (Pinus sylvestrts). The reafforesÈatlon wÍth Scots
pines has caused a consiG-b1f trrdrease of sulphate and cat.ions in
groundwater, because conifers are efficÍent collectors of gaseous
sulphurdioxide (e.g. NihlgSrd 1970, Mayer & Ulrich 1978). In groundwarer
under pine plantaÈlons in The., Netherlands elevated levels of sulphate,
exceeding 3000 equivalent tt-ol m-', have been observed by gosterom & Van
Schijndel ( 1979), Oosterom ( 1982), Sruyfzand ( 1984)r,OosEveen ( I9g5) and
Kragt (tn prep.). A maxlmum of 9350 equivalent mmol ,-' lras measured by
Kemners & Jansen ( 1980). Percolatlon of thls contamlnated groundwater may
give a serious contribution t,o the acidificatlon of moorland pools.

It is difficult or even fuupossible to detect long-term chemlcal changes
in moorland pools directly, because old data are scarce. In some cases few
colorLmetrlc pH measurements are available (e.g. Redeke & De vos 1932).
Howeverr a comParatlvely large number of old plankton Eow samples, taken by
the late Prof. Dr. J. Heimans, ls present 1n the collectlon of the Hugo de
Vries-laboratory (University of Arnst.erdan). Ttre diatoms of these samples are
good indicators for past environmental condtt,Íons, partlcularly pH (IlustedÈ
1939' Merilàinen 1967). By uslng dlatoms as indlcators 1È is possible to
trace long term changes in water chemlstry (Battarbee 1984).

The research has been concentrated on the pools Achterste Coorven,
C,erritsfles and Kl1plo, because a comparatively large nuuber of old algal
samples were avaí-lable. Also other features, e.g. chemlstry and macrophyilc
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vegetatlon' of Ehese pools have been relatlvely well recorded in the past..
Additionally sorne observat.ions have been made ln Tongbersven-West and Groot
Hasselsven, because Ehey were Ehe subject of hydrological lnvestigaEions by
Oostveen ( 1985).

The specific questions to be addressed are:
1. llhat are the changes ln measured pH and oÈher chemical characterist.lcs of

the investigated pools since 1916?
2. What are t.he changes in t.he species composltion and diversity of the

diaton assemblages in the pools since 1916?
3. what are the changes in diatom-lnferred pH of Ehe pools slnce L9l6?
4. l{hat is the relatlonship between these changes and the morphometry and

the hydrology of Èhe pools, the occurrence of ext.remely dry years (1921,
1959' 1976), changes in atmospheric depositlon and land-use patterns 1n
t,he catchment area of the pools?

As aquatic macrophytes are boEh lnportant, indicators of acldification
of freshwater bodles (e.g. Grahn eE al. 1974, Roelofs 1983) and lmportant
sites of biogeochemlcal processes in the pools, also changes ln the
macrophytic vegetation of the pools were studied.

This report is also lntended to serve as a base-line document for
future studies. Iherefore, lt summarizes all the dat,a whlch could be traced
ln publÍshed and unpubllshed documents on physiography, chemÍst,ry, and
botany of the study sites. See also Van Dam (1987) for additlonal noÈes on
historical aspects.
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2 }(ETHODS

2. I I,ITI.]R^TURE RIiSEARCH

Idany of the old data on general slt.uat.lon, veget.ation, chemisEry and
human impact are not published in regular journals. Umpubllshed reports and
diary no[es were found in the archives of che Research Inst,iÈute for Nature
Management (Leersum), Ehe Hydrobiological Society (Leersum), the State
Forestry Service (Utrecht), the Society for t.he Promotlon of Nature Reserves
('s-Graveland), the Hugo de Vries-laboratory (Amsterdam), the Municlpality
of Oisterwijk and in the State Archlve (rs-HerEogenbosch).

2.2 I'ÍORPHOMETRY

Enlargements of aerlal photos from Ëhe Topographical Service (scale
approx. I:18000) were made Èo a scale of c. l:I000 to serve as a base for
maps of bathymetry and sediment thlckness in the fleld. However, these maps
gave a distorted picture and had Eo be correcEed wlth a measuring-line in
the field.

Depth was measured by lowerlng a stick wlth a whlte dlsc (dÍameter 20
cm) from a dinghy to Ehe depth where the dlsc touched the sedlment surface.
Thickness of the sedlment was estimated by pushing a stlck (2 cm square in
cross-section) into the sediment upEo a depth where lt was no longer
possible Èo push the stlck deeper by hand force. SubstractÍon of the water
depth from this depth gave the sediment, thickness. I'he measurements of water
depEh and sediment t,hickness were done ln a regular pattern (grld dlstance
l0 or 20 n) ln order to construct Eaps of bathymetry and sedinenE thickness.
Thickness of quivering bog carpets hras measured by pushlng a calibrated
stick through the moss carpet and flapping down Èwo slde-st.lcks at the
boÈtom of the stick and subsequently by drawlng back the stick untll the
side-sticks touched the bottom of the qulverlng bog.

2. 3 IIYDROLOGY

Ihe water level was measured each 3 months by measuring the dlstance
from the water leve1 to the top of a stick whlch was pushed firmly in the
botton. The height of the top of Ehe stlcks above mean sea level ("NAP") was
measured by comparj-son wiEh Èhe nearest narks of the offtclal neÈwork of
"Rl jkswaterstaat,'r.

2.4 CHEMISTRY

pII was measured in the field wlth a Metrohro E488 pH Eeter, a IITW 91 pII
meter or a Gallenkanp pII sEick. Conductivity at 25"C was measured ln the
field Írlth a Ye1low Sprlngs Instrument 33 conductivlty meter or a IfII.I 9l
conductivity meter. I.Ihen air t,emperature was below lOoC "fleld.'r values for
pII and conductivlty were often neasured ln Èhe laboratory wlthln a few hours
after sampllrrg. Oxygen cont,ent r.ras always measured in the fleld wlth a
Yellow Sprlngs Instrument 54 oxygen meter.

Fleld measurements at low pH (pH ( c. 4.5) often appeared to be Lnaccu-
rate lf the manufacturerrs lnstructions for use were foIlowed. Therefore,
electrodes were frequently calibraEed noE only with buffer soluÈÍons pH 4
and pH 7, but also pH 3, after 1981. Electrodes ríere dlscarded when Ehe
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devatlon from 3 exceeded 0.1 unlt after calibraelon with buffer soluEions pH
7 and pll 4.

Samples from Achterste Goorven and Gerritsfles were taken nonthly from
July 1979 to June 1980 and quarterly from August 1980 to February 1985.
Sarnples from Kliplo were taken quarterly from May 1981 to February 1985.
They were transported in polyethylene bottles as cool as possible, left
overnight at 4"C and arrived wit,hln 48 hours ln the laboratory of therrWaterleidtngbedrijf Mldden-Nederland" and subsequently analysed accordLng
to the methods described by Van Dam et al. ( 198I).

Monthly samples (1983-84) from GerriÈsfles, K1iplo, Tongbersven, and
Groot Hasselsven were transported in polyethylene boEEles as cool as
posslble, left overnlght at 4"c. They arrived wiEhin 24 hours in the
laboratory of rhe DeparÈment of Soil Sclence and Geology of Ehe Agrlcultural
UnlversiEy at Wagenlngen and analysed accordlng to the rnethods descrlbed by
Begheijn ( 1980) and Lubbers (w. y).

Symbols and unlts for physlcal and chenlcal parameters are glven in
Table 1. Detection linlts are for samples analysed by Waterleidlngbedrljf
I'lldden-Nederland (see App. 17 for deEection ltmiÈs of Agricultural
Unlversity). Before data processing values below deÈectlon llmlts were
arbltrarlly set at half the detect,lon 1lmit.

Before data processing the raw chemlcal data were checked for errors by
calculating lonlg-balaqges. Forrghls purpose, Mn, Fe and A1 were supposed to
be presenE as l{n'', Fe'' and A1'' respectivery, although the charge of these
ions is htghly dependent on pH and redox condittons (St"mm & Morgan 1970).
Nevertheless, lonic balances tdere generally correct withln a few percenÈs of
tIQ anion or catlon sum. Only when large concentratlons of ion ()100 mrnol

^ " L/3 Fe) or dissolved organlc carbon (rnore than c. l5OO ronol m-' C) were
Present, the catlon sum exceeded the anlon sum by more than l0Z. If the
catlon sun Iías more than lO7" hlgher or lower, the apparent erroneous
analysis was ellmlnated fron the data set.

For each sample the ionic activlEy coefflclents \íere calculated, using
the Gtntelberg equaÈion (St"'nm & I'Íorgan 1970). The lonlc activtt,Íes were
multiplied w{1h lonlc conductí.vlty values (Voge1 1961, see Golterman et al.
1978 for A1'') and added to glve calculated conductlvltles for each sample.
Ihls calculated conductí.vity (25oC) could not be used as a check for the
chemlcal analysls as the calculated conductivity was usually c. 352 hlgher
than the conductlvlty as measured ln the laborat,ory (25"C).

2.5 MACROPIIYTES

The rnost promlnent macrophyte specles wtrlch where found whlle mapplng
baÈhymeÈry (sectlon 2.2) were recorded on maps (origtnal scale l: 1000) tn
the pools Achterste Goorven, Gerrltsfles, and K1iplo. Ttre most lmporÈant
plants occurrlng along the shores of these pools were recorded durlng fleld
trlps of a few hours in SepÈember 1984. Both aquatlc and nearshore plants of
Tongbersven and Groot Hasselsven were recorded durlng short vlslts ln
September 1984.

The recent, vegetatlon hras compared wtth records of the former
vegetation from excursLon reports and publlcatlons.

NomenclaEure of vascular plants and mosses follows Van der MelJden et
al. (1983) and Margadant & Durlng (1982) respectively. For pH classlflcat,lon
of the nacrophytes the groups of Ilustedt (1939) (see next sectlon) trere
used. Specles were classifled using the autecologlcal Ínformatlon Èabulated
by lversen (1929), Zö1yomL (1967 ), Pletsch (1976, 1982), Landolt (1977) and
Ellenberg (1979) as well as personal experlence.
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2.6 DIATOMS

01d sauples were obtained from the collections present at the Hugo de
Vries-laboratory (Universit.y of Amsterdam), the Research Institute for
Nature l'Íanagement, the Llmnological Institute (Royal Netherlands Academy of
Sciences) and the Zoologlcal Laboratory (UniversiÈy of Ghent). Recent
samples were t.aken at. lrregular inÈervals írr 1977 and 1978 and quarterly
from August 1979 through May 1984.

Sampling, sllde preparaEion, identification, and counting have been
described in detall by Van Dam & Kooyman-van Blokland ( 1978) and Van Dam et
al. (1981). The old plankton samples hrere taken with a net wlth a mesh wtdth
of 60 pm (A. van der tlerff, pers. conm.) and the recent ones wlth a net with
a mesh width of 40 pm. Replica slides were deposlted in the collection of
the Hugo de Vries-1aborat.ory. The references for identification are listed
by Van Dam (1984). Nomenclatorial and taxonomlcal changes, suggested by
Krammer & Lange-Bertalot (1985) and Ross in Hartley (1986), were followed.

In each dlaton sllde 400 valves were ldentlfied and counted.
Additionally, the slide vras searched for the most promlnent species outside
the counÈ. The relaÈive abundance ls reported here as the number of valves
of each t.axon recorded ln the count.

For the pH classlfication of the diaton Èaxa
(1939) was followed:

the system of HustedÈ

R abbreviation group pH range

I acb
2 acph
3 cir
4 alph
5 alb
0 noph

acldoblontic
acidophlllc
clrcumneutral
alkaliphilous
alkalibiontic
unclassifled

only ln acid waters, generally below pH 5.5
generally only ln acLd waters
atpHc.T
generally only ln alkallne waters
only in alkalÍne waÈers
unknown

The pH-class number R and the abbreviat,lons w111 be used ln
this report.

the tables in

pH Spectra were calculaEed wlth the ecologlcal data from the llterature
llsted by Renberg (1976) and Van Dam et al. (1981). Diatom-lnferred pH

values were calculated with the formulas of Renberg & Hellberg ( 1982) :

3 = (cir + 5alph + 40acb)/(cir + 3.5a1ph + l08a1b),

where clr etc. represent the relative abundance of each pH group ln the
count. The pH-RENBE was inferred with the foruula:
pII-RENBE = 6.40 - 0.85101og B.

A second method to estlmat.e the plt from the diatom assemblage
composltion ls by weighted averagJ-ng. For this purpose, optlmun pH values
for the most abundant dlatom Èaxa (U) were calculated by weighted averaglng
from 99 samples out of 97 alnost prisÈlne soft-water lakes and pools in
I,Iestern Europe wlth pH values ranging f rom 3.3-7.3. I'he pH (pH-wa) f or each
sample of the present lnvestigatlons was estÍ.mated by welghted averaglng,
using the U-values of each taxon. The lnferred pH (pH-WA) was calculated
from the relationshlp: pH-WA = 1.337(plt-wa) - 1.487, wich a standard error
of 0.8 units (C.J.F. ter Braak & Il. van Dam, unpubllshed results).

Diverslty indices were calculated accordlng to Van Dam ( I982):
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NRSPCOUN the number of diatom taxa ln the count
NRSPTOTA the number of diatom Eaxa recorded in the slide
DOMINANC the relat.ive abundance of the most abundant taxon in the count.

2.7 DATA PROCESSING

Chernical and physlcal data r{ere entered in the memory of the VAX750-
conputer of RIN with t.he program INPUT of the Section Ecohydrology. Diaton
countings lvere entered in an ORACLE .

All compuÈations were done with the GENSTAT statlstical package (Alvey
et al. 1977, 1982). StaÈlstical tests were performed according to Sokal &

Rohlf ( 1969).
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3 RESIILTS AI{D DISCUSSION

3.1 SITUATION AND ENVIRONMENT

Achterste Goorven

The pool Achterste Goorven (Photos l-4) is siÈuated 2 km south of Èhe

village of Oisterwijk (51034'N, 5o13'g) at c. 8.3 n above NAP (mean sea
water level) at a disEance of 143 km from Ehe North Sea (Flgs. lr2). The

surface area is c. 2.4 t:a.
It ts a part of the naEure reserve "De Oisterwijkse Bossen en Vennenttt

which contains numerous moorland pools, wiÈh a large variation ln chemistry
and biota (Van Daru & Kooyman-van Blokland 1979, Coesel et al. 1978, Van Dam

1983). ïhe area \.ras acquired 1n I9l5 by the "Vereniging toE Behoud van
Natuurmonumenten in Nederland". Slnce then the paEhs around the pool are
open to the public.

The pool, with a relatlvely complex morphomet.ry, was selecEed for our
studies because more t.han 70 old samples were taken by Prof. Dr. J. Heimans

Deelen E
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stations A, B and E (Fig. 9) could be locared wlth certalnty.
Heimans (1925, 1960) investlgated the desnlds. They weie relnvesrigatedby Coesel et aI. (1978). OÈher hydroblological lnvestlgations were carried.out by a BultidlsclPllnary tean, consistlng of members ór Èhe NetherlandsHydroblological soclety (van Dljk eÈ al. 1960). rn addlÈion, a long seriesof paPers in naturallst journals and other reports permlt a reconstructionof the developments ln macrophyÈe vegetatlon durlng the course of thlscentury.
The anple documentatlon about the pool and lts surroundings allows anore rellable lnterPretation of changes ln dlaÈon assenblaies and watercheuistry than is usually posstble.
Accordlng to the soir roap by Geenen (rgl7) the poor is sltuated ln adrlft sand area. 0rtglnally Èhe area was covered wlth forest, whlch wastransformed lnto heathland by man. The introduced sheep rnaintaÍned theheathlands for a long perlod. Due -to overgrazÍng Èhe heathiands were danagedand a landscape of drlfttng sand dunes waÀ the result. Although no soilprofiles have developed at the surface of the accÍdented terrali, fragmentsof overblown podzotic proflles are present as becaue evldent from a fewreconnaÍssance borí.ngs (see also Geenen Lg77).rhe orlgln of rhe pool was dlscussed by Loriè (r9rg, rgz2) and DuboÍs(1917, 1919)' Lorlè hypothestzes an aeolÍan orlgln, wtrtle Dubols supposesthe pool to be formed by fluviatlle actÍvitles. Accordlng to the rnorphometryone would exPect that Dubolsr theory is most probable. Then the pool can beclassified 1n the category of pools which ls a remnant of snow water nertlngvalleys, disrlngulshed by Broerr,jes (1g77)
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Photo I

AchÈerste Goorven, fron
Èhe central southern shore
of basln I faclng north
(J. van Osch, Oct. 1984),

Photo 2

Àchtersle i

the cenÈral
of basln II
easE (J.
19 84) .

Goorvenr fron
Eouthern shore
faclng north-

van osch, oct.
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Photo 3

Achterste Coorven, froo
the eastern shore of basln
III faclng wesE wlth J,
van Dljk naklng phytoso-
clologlcal relevès (J.
Sloff, Aug. 1948).

Photo {

ÀchÈerste Goorven, fron
the 6aoe place faclng
southsest (J. van osch,
0ct. I984).
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According to Geenen (1977) the pool was formed in the Late Glacial
( t I.800-l 1.000 before present) during the Allery'd-interstadial as a wlnd
deflated pool, blown ouE by the prevailing Sl.I-winds. The open water was
transformed into a bog as a natural process. The peat was excavated as a
fuel by loca1 farmers. As early as 1509, regulations for excavatlng the peat
from the tGoirr, rGoert or rGoort existed (Posthumus 19II). The tGoorl
compri-sed not only the Achterste Goorven, but included also the present
VoorsÈe Goorven. In the State Archive aE fs-Hertogenbosch documents were
found, in which private persons were allowed to excavate peat from Ehe
rGoorr in 1724, 1746, and 1823. The peat diggers were allowed to construcE
dams t.hrough the pool, to facilitate the transport of the peat; usually
Ehese dams had Eo be removed after completion of t.he work (PosEhumus 19lI).

At the \"restern side, Èhe Achterste Goorven is separated from Ehe
VoorsEe Goorven by a narrolr capriclously formed dam, which is only t.wo
metres wide at Ehe narrowest point. According to Helmans (1925) this dam has
noE always been present. Indeed, lÈ is absent on all topographical and
cadastral maps between 1835 and 1921. Thijsse (1927) mentlons the artlflclal
appearance of the dam. Helmans expllcitly mentions the presence of Ehe dam,
already since the beginning of his investigatlons ln 1916. As Lorlè (1922>
omits the dam ln his sketch, where the pool has the same ouEline as on the
old topographlcal and cadastral maps, one may really doubt lf the dam has
been absent in the past age.

At Èhe norÈhwestern slde Achterste Goorven ls separated from the small
pool Diepven by a curved dam. This dan is clearly man-made. On the o1d maps
upto 1921 and in the skeÈch of Loriè the Dlepven has an open connection with
the AchtersEe Goorven.

Both dams are planted with Scots plnes of about the same age. I counted
the annual rlngs on stubs of plnes which s/ere apparently logged a feI^I years
ago. As c. 92 rings \,sere present bot.h dams are probably more than c. 100
years old. Ihere i-s palaeolimnologlcal evidence that the dams rrere
constructed about 1880 (Dlckman eE a1. 1987).

The AchtersEe Goorven is situated in a forest, whlch llas planted in
1840, as can be concluded from old topographlcal maps (see also Van l{ees &

Van den I^Iijngaard 1977). Prior to this Èime Calluna-heathlands and
vegetatiorr" ót aeolian drift sands surrounded the pooT.

Pinus sylvesErls is the main tree specles, but lt, ls often mlxed wlth
euercus robur and a. rubra. Plcea sp. and Castanea satlvq occur very

-

C;àiTt. llear ttre pooI, where the water table ls close Èo the surface,
Betula pubescens, and to a lesser extent FrSng-ul? alnys gro\.7 sPontaneously.
Betula occurs also on some of the lslands, whlch for the rest are overrun
witn'-Uyrica gale and Mollnea caerulea. In the undersÈory Vacclr}tyg myrtl11]rs
and DEEha-npsia flexuosa are the most imporÈanÈ specles, especlally on the
tops-Ï- ttre sand dunes. Mollnla caerulea ls dominatlng on wet soils
nearshore, but lntrudes also lnto the vegetat.lon of dry solls.

1'he vegetation ln the undersÈory of the plne-forest on the spit between

the central and eastern basln ls sllghtly different. Because the plnes are
planted here furÈher apart than elsewhere, the quantlEy of 1lght permlts-C"llrrr,r 

vulgaris Eo be present here, aPart from the already mentloned

ffinia.ThepresentStateofthesurroundingforestandits
vegefiA;on does-ffi dlffer from the earller one, as descrlbed by Thljsse
(1912) and Kostet (1942).

The najorlty of the plnes on the lrregularly formed peninsula northeast
of srarion E was logged ln 1950 (lIesthoff & Van Dijk 1950) to promoEe the

srowÈh of Narthecium ossifragum whlch was Present
à.y" but m of tne afforestation, 11

(driisse lg12, 1937). Nartheclum was stl11 reported
or3t- 1950, van der vo6--E-wËffirt 1959), but has never been found later on.
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of this penlnsula ls domlnated
Erica t.etralix, while a lot of
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Plg.3. Locatlon of GerritsfLes. SaEpllnB staÈton lndlcaEed slÈh a dot. (Topographlcal }íap of the Netherlanda, scale

l: 25 000, sheet 13À).

The vegetat.ion
vulgaris and
are presenE.

In wlnter

Gerrit sfles

by Mollnla caerulea, Calluna
saplings froro Plnus and Betula

the pool is oft.en used as a skating-rink.

rhe pool Gerritsfles (Photos 5-8) is sltuated 4.5 kn sE from the
village of Kootwijk (52o10'N, 5o49'E;, at a distance of 102 km from the
North sea (Figs. 1,3). The surface area is c. 6.8 ha. The pool is only 20 krn
SE of the forner shorellne of the Zuidetzee, whlch was a bracklsh \íater area
upÈo 1932, when the enclosure dam cut off the Zulderzee from the sea. After
that, year the ZuLd.erzee (now IJsselneer) turned lnto a shallow freshwater
lake. Ïhis change may have affect.ed the composttlon of the raln feeding the
Gerrltsfles.

The pool and lts surroundings were acqulred as a nature reserve La l9Z2
by the SEate Forest.ry Service.

The Gerritsfles is a classical site for hydroblologlcal research in 1'he
Netherlands. After prelinlnary studies by De Beaufort (1913) the pool was
lnventoried by a Èeam under the guidance of Prof . I'Íax l^Ieber and Dr. J.
Ronljn in 1918. Slnce then Èhe pool, which ls sltuated 1n a compara;ively
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Photo 6

CcrrltefLes, aÈ aoEe dÍs-
tance froo the vestern
shore looking Èo the
EouÈheast (R. van Beek,
l|,arch 1975).

Photo 7

cerritsfles, fron the
eastern part of che HesE-
ern ahore looklng to the
sanpllng staElon (J. van
Osch, 0cl. 1984).

PhoÈo 8

C€rrl,tsfle6, looklng about
northue8t over Ehe south-
eastern part of che pool
(J. van Osch, Oct. 1984).
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remote area, \^/as regularly visiEed by hydrobiologisEs, particularly Redeke &
De Vos (1932), Dresscher et al. (1952) and Van Dam et al. 1983 (see also
Higler 1979). The scientists \^rere attracted by the nearly undlsturbed
habitat, the Presence of so-called glacial relict species, e.g. Eurycercus
glacialls and Dytiscus lapponicus, and t.he peculiar hydrology.

Schimmel & Ter Hoeve ( 1952) investigated the hydrology of rhe pool in
detail. It appeared that the pool is fed by rainwater only. The water does
not. sink away in the subsoil owing to a practically impermeable ferruginous
hard pan, corulon to poor, podzolised heathsoils overblown by drlft sand. The
proper groundwater t.able is found actually about 15 m beneath the bottom of
the pool. The flucEuat.ions of the water level in the pool are relatively
small, because excess r^Iater may leave the pool by periodic underground
overflowing via the ore-wall formed by the vertlcal exÈension of Èhe iron
pan. Thus the composition of the wat.er in the pool is independent of the
surroundings, which consisE of sand dunes wlthout apparent soil developmeng
aÈ the souEhwestern side of Ëhe pool and heathlands, presenEly uralnly
covered with Molinia caerulea at the other sides of the pool. The Molinla
swards are siÈuàGà--oï the podzols of cover sands according to Ehe soi.l- map
of ïhe Netherlands (scale t:50 000).

At the northwestern side a lot of grassland has iÈs border only about
10 metres from the shoreline of the Gerritsfles. As t.his meadow does not
fall withln the limits of exÈenslon of the iron pan it does not affect, ghe
pool by dralnage water. Accordlng to Schimmel (pers. comm.) the artiflcial
fertllizer, which was applied to the grassland could reach the Gerritsfles,
scattered by wind. FerÈilizing was flnished about. 1965. The cows, whlch were
grazirrg in the Eeadow, used the pool for drinklng warer (wigman L932).

Until 1940 sheep catre to drink about once a week at the southeastern
shore of the pool (l'loerman 1934, Schimmel pers. conm.). Roedeer and boar
visit the pool regularly.

Although the pool and its iunediate surroundings vrere a nature reserve
si-nce 1922 the pool rlas nevertheless used for bathing by tourists. Ihis
might have helped Eo eutrophy lts water (Sloff 1928, Thijsse 1928, tligman
L932' Bijlner 1938, Boer Leffef 1959), but these bathing activiEies ceased
abouÈ 1965 (Bink & Schinmel 1975).

According to the topographical maps (scale l:25 000) the pool r{as
slt,uated ln an entirely open landscape until 1921. ïhis sltuaÈion was
recorded beautlfully by the photographs ln Tesch eE aI. (1926). on the rnaps
of 1899 bare sand dunes occurred on the southwestern side, whlle the rest of
the vegetatlon of the environment was heathland. According to Schimroel &
Mörzer Bruyns ( 1952) the heathland vegetatlon belonged roalnly to the
Calluno-Genlstetum. The grassland parcel on the northwestern side appears
for the flrst Elme on the map of 1928. On this map also some spontaneous
regrowth of trees at the southwestern slde ls reglstrated. The slze of thls
small forest loE increased in later years. Present.ly the former
Calluno-GenisÈetum ls dominated by a Molinletum caeruleae.

The vegetatlon of the forest belongs to the Frangulo-Saliceturn auritae
with nalnly Betula pubescens and Salix aurita and also Prunus serotina.
Polytfi,chrlP cormune "rd vgf!r,l. caer,rlE-a-relíiil-nanr in ttre-IEE-ràffiFan
de Beld 1978).

AE the northwestern shore of the pool ts a narshy vegetatlon withMolinla caerulea and Eriophorum angusEifolium as dominant speóies (Schlmnel
c rer noeve@ van del;Fl97Er-
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Elg. {. LocaÈlon of KlÍplo. Sanpltng scatlon lndlcated wlth a doÈ. (Topographlcal làp of I'tre Necherlands, scale
l: 25 000, sheet l7A).

K1iplo

Ihe pool Klip1o, also known as Kiplo or Kipelo (photos 9, l0) is
siÈuated 4 km east of the vlllage of Dwlngeloo (52o5ottt, 6oi6'E) at a
disEance of 117 ku from the North Sea (Flgs. lr 4). The surface area is c.
0 .6 ha.

It ls a nature reserve, founded in the forestry "Dwlngeloo" in 1908.
Ihe forestry includes a number of moorland pools, dlffering ln chenlstry and
blota (Coesel & Srnit 1977).

K1tplo was studled intenslvely by Beyerinck ( 1926) tn his classical
dlssertatlon on the distrlbutlon and perlodlclty of freshwater algae ln the
province of Drenthe. Most of the pools ln this reglon harbour only a small
number of species of aIgae. Only a few localitles, lncludlng Kl1plo,
appeared to be mines of algae. These findings lnsplred the members of Èhe
Ilydrobiological Club to make a more complete lnventory of Ehls relatlvely
small pool (see e.g. Redeke & De Vos 1932). Later on, the siÈe was regularly
sanpled by other investigators, which permlts the construction of a time
series of plank-ton samples.

Ihe pool is sltuated in an area of sand dunes, with a loamy layer in
the subsoil. The drift sands were probably forned in nediaeval tlmes, by
overgrazing with sheep. Ihe area was reafforesEed, nainly with Scots pines,
beEween 1910 and 1925. Most sands are dry and poor in humlc substances and
loam, although Ehe small heathland at the hlestern slde of the pool is
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Photo 9

Kltpl-o, l-ooking fron the
aouthwestern shore Eo Èhe
north. BeÈween PotaEogeton
natans ( foregrorrna) ana
the belt of PhragBltes
ausEralls (background)
Sparganlw angustlfolluE
ls vlslble (E.8. van der
Voo, c. 1960).

Photo t0

Kllplo, seen fron the
sandy beach at rhe south-
western slde Èo the
northwesc (R. van Beek,
l,iay r980).

Phoro Il

Tongbersven-l{est, looking
frou che permnenÈ saupl-
lng statlon souÈhwesc (J.
van Osch, Occ. 1984).
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situated on a podzol, poor in lime (Vrielink eE al. L976).
Hydrologically, the pool is isolated from its surroundings (Bakker

1984, Bakker et al. 1986), as can be observed in the field directly. Some
tens of metres north of the pool the surface of the forest floor ls situated
beneath the surface of the wat,er ln the pool.

At the northwestern slde is a remnant of a sma1l ditch, which may have
been a pipe of a duck decoy. Probably the pool has been used for caÈching
ducks in the 19th century. This activity cerEainly introduced nutrlents in
Ehe pool (foddering etc.).

Brouwer ( 1968) states that already in 1939 the pool was used for
bathing by the local population and tourlsts. Also in lat.er years
conservationists complained about this improper use of a nature reserve
(Mörzer Bruyns 1950, Glas 1958), but in t97I the bathing was finished
definitively (Londo 1973, P. Kerssies pers. comm.).

In winter Ëhe pool is used as a skating-rink by the local youth.
The bathers enÈered the pool from the southeastern shore of the pool.

The boEtom 1s sandy here, and continues out.side the pool as a beach,
bordering aE sand dunes ln the pine forest, whlch is rather open here.

Also ac the west.ern side of rhe pool the vegetatlon ls open. Directly
along the shore is a strip of quivering bog, c. 5-I0 m wlde and c. 50 m

long. The vegetatlon lncludes, apart from Sphagnum spp.r Polytrlchun and
other mosses, Andromeda polifolla, Oxycoccus palusEris, Carex rostrata and
Eriophorum angustifolium (I,Iartena I954, Glas I958). Brouwer ( 1968) also
mentions the presence of three species of Drosera. llest. of this bog strip is
an open heathland with Empetrum nigrum, Calluna vulgaris, Erica tetralix and
Junlperus cornmunls as lmportanE species. Spontaneous regrowth of Scots
pines, which occurred since L925, was removed in 1965.

At Èhe remaining sides, K1lplo ls enclosed by trees. In the
southwesÈern and northeastern corners even small patches of carr with birch,
peaÈ mosses and Molinia are present.. At the northern slde a few Eetres wide
belt of birches separates the pool from a dry plne-forest. At Ehe southern
side Èhe pool borders at a dry complex of Junlperus-heat.hland and bare sand
dunes, wiEh blrches overhanging the pool.

Tongbersven-West

The pool Tongbersven-West (Photos 11, 12) 1s siEuaÈed 4 kn east of the
village of Oisterwijk (5lo34rN, 5"I4'E) at c. 8.2 n above NAP (mean sea
waEer level) at a distance of 146 kn from the North Sea (Flgs. l, 2). The
surface is c. 0.46 ha.

IE is a part of the nature reserve rKamplna' whlch ls very rich ln
moorland pools. Hydrobiologlcal aspects of a number of pools ln thls area
were studied by Van Dan & Kooyman-van Blokland (1978), Coesel et al. (1978)
and Van Dam ( 1983). The area \{as acquired Lt 1929 by the 'rVerenlging tot
Behoud van Natuurmonumenten ln Nederland'r. The environment of the pool is
not open Eo the public, although a prlvate person ls allowed to use a small
cotEage at the northern slde of the pool as a weekend house.

Íhe nomenclature of the pools ln t.hls reglon ls very complex, as
pointed out by Van Dam (1973). Other nanès which are used for thls pool
lnclude Palingven-tlest (Glas 1957), Pallngvennen and Tongbersvennen (Ver-
schoor 1977).

Ihe pool was selected for our st,udies because lt seeued parÈlcularIy
sultable for Èhe study of the hydrological relaElons between Èhe pool and

its surroundlngs (Oostveen 1985), because the pool is rather small and the
surroundlng vegetation and solls are rather homogeneous.

According to the soil rnap by Geenen (1977) the pool is siÈuated in an
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Photo .1,2

Tongbersven-WesÈ, looklng
Eouthïest over the largest
pool (J. van Osch, OcE.
r984).

Phoro 13

Grooc Hasselsven, looklng
frou the soucheastern
shore (near Ehe sanpJ,lng
statLon) to Che norÈhueaÈ
(J. van Osch, Oct. 1984).

t-

i! 
;

,1,



-20-

area where the predominant soll Eype is a dry podzol, which is locally
covered with a layer of aeolian drift sand with a maximum thickness of less
than 4 dn.

Oostveen ( 1985) supposes that the pool is a remnant of a meltwater
valley. The dating of the origin is still uncertaln. He also demonst.rated
t,haE Ehe pool has an impervious bottom and has no conEact wlth the aquifer.

Tongbersven-West is situated in a pine forest, whlch was planted after
1900 on the heathlands (van Hees & Van den l{ijngaard 1977). on rhe
topographical map (scale I:25 000) which was revised in 1930, the northern
shore is indicated as a tree plantation, while spontaneous regror^rth of trees
is indlcat.ed sout.h of Èhe pool. on Lhe map which was surveyed in 1949 part
of the forest at the northern side of the pool appeared to be cut again. On
the maps of 196l and later the pool is totally surrounded by foresË. Pinus

?1g. 5. Locatlon of Groot llaeselsven. SaEpllng statlon lndlcated elth e dot. (Topographlcal Map of The Netherlands'
scale I: 25 000, sheet 57E).

sylvestris ls the main tree species. Locally Prunus serotlna and Quercus
robur occur. Picea abies, CasEanea satlva and Rhododendron are present
spilaatcatty. I'mta caerulea and 

'Dffipsia E'xuosa donlnate the
understory (see also Ilofroan & Jansen 1986).

GrooE Hasselsven

The pool GrooÈ llasselsven (Photo 1]) is sltuated in
km SI^I of the village of Leende ( 5 1o2o' t't, 5o3O' E) at
(mean sea lrater level) at a distance of 161 km from the

the Leenderbos, 3

c. 26.3 a above NAP
North Sea (Flgs. 1,

i"''I
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Flg.6. Nature re8erve "Haesel-svennen" ln October 1955 (Unpubllshed l,l,ap of State Forestry Servlce). I - dry heath
(CÉnlsto pllosae - Callunetm), 2 - uet heath (Erlcetu tetrallcis), 3. Eoorland pool (open water),4 =
Mrsh, 5 - Scots plne (sponÈaneous regroeth),6 = blrch or oak,7 - saDpllng staÈlon.

5). Ihe surface area is c. 1.3 ha.
rÈ is a part of t,he nature reserve rHasselsvennenr (Flg. 6), whlchbelongs to the State of Ihe Netherlands slnce 193I. The dlreci 

"r..orr.rdlngsof the pool are not open to the public. The pool r.ras selected for ourst.udies because it appeared especlally suiÈable for Èhe study ofhydrological relatlons beEween the pool and j-ts surroundtngs, because of ltssnal1 area and the rather homogeneous soll and vegetation around the pool.Hydrologlcal sÈudies by Oostveen (1985) demonstrateà rhat the pool has nocontact with the aqulfer and ls fed by preclpltation and - to a ll,itedextent - by surface runn-of.
According to Èhe soil map of The Netherlands the pool is sltuated in anarea wlth wet podzols as t,he predominant soll type.
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Until t.he 1930s the pools of the nature reserve Hasselsvennen were in a
vasE atea of heath and moorland. Beginning ln the late 19th century the
largest area of these unproductive soils was reclaimed for agriculture.
Also at the northeastern side and the southern and southr^restern sides of
Groot Hasselsven some parcels were indicaEed as arable land on the cadastral
maps of t.he late l9th and early 20th centuries. The area surrounding the
Hasselsvennen-reserve rras planted with trees, mainly Scots plnes, from 1932
to 1941 (Iven & Van Gerwen 1974).

On the sketch-map of Èhe vegetation in 1955 (Fig. 6) there is no
special signature for associations of Molinia caerulea, which is very common
now in the moorland around Groot llasselsven. The former Ericetum at the
western and northern side of the pool is now a sward of Molinia caerulea.
The former Callunetum easE of the pool is a stand of Erlca tetralix, Calluna
vulgaris and Molinia caerulea now. Only in a small area south of Ehe poof,
near Ehe sampling staEion, t.he Erlcetum is still free of Molinia.

Ihe belt of marshy vegetaEion is lnundated aE high water levels in
winter and spring and is unlted with the pool at that time. Ihe most
conspicuous plant species of t,he marshy zone is Juncus effusus, which is
present all around the pool. 0n the outer side lt is mlxed with Molinla
caerulea. The common rush ls accompanied by the moss Drepanocladus fluiÈans
nearly everylrhere. Juncus bulbosus ls also regularly present near the open
hrater. Clurnps of fnraStG australls are present in the NI^l area of thls
zone. ScaEtered stems of common reed are present ln the rush belt aE the
western side of the pool.

Van Donselaar ( 1957) recorded essentially the same zonat.lon in the
Earsh aE the western side, although Phragrnltes appeared to be more coÍrmon at
that time. I{e recorded prollflc growth of Juncus bulbosus and Sphagnun
cuspldatum between t.he reed.

Juncus effusus, Phragmltes australis and Drepanocladus flult.ans are
i.ndiclEïrs ot -EErophlcation. Accordlng to Iven & Van Gerwen ( 1974) the
eutrophicaEion was caused by a colony of black-headed gulls (Larus
rldlbundus). In the 1940s numerous gu1ls were presenE, ln the 1960s only
some tens of pairs were breedlng ln Èhe marsh. Finally the last birds were
dlslodged in 1970 (Iven & Van Gerwen 1974).

3.2 I'{ORPHOMETRY

AchEerste Goorven

The resulÈs of the survey of bathymetry and sediment thlckness on ll,
12 and 13 September 1984 are presented in Figs. 7-9 and App. I-3. The water
1evel on Èhese days was 6 cm below the average water leve1 recorded durlng
rhe perlod 1979-85 (8.34 m + NAP). Data on area, volume and other
morphomeErlc parameters are presented in Tables 2-4 and depth-area
(hypsographlc) and depth-volume curves are present.ed Ín Flgs. 10-13.

Achterste Goorven has a complex morphology. It consists of a series of
smaller and larger baslns lnterconnected by natural channels and man made

ditches. Especlally ln basin III (Fig. 8) a number of smal1 (natural?)
islands occur. Consequently the shore llne developmenE ls as high as 3.98
(Tabte 3).

Ihe area and volume at mean r^rater 1eve1 were calculaÈed b{
extraDolatlon from Figs. l0 4nd,lI respectively. Ttre mean volume is 14'5x10-

,l "nà 
the mean area 23.5xI0' m'. Consequently the mean depth at' mean water

level is 0.62 m (Table 3). Ihe mean depth of basln III, where sampllng

sEatlon E ls situat.ed, is only 0.54 rn
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fgble 2

AchÈersre Goorven. Area per basln and Eotal volwe (ll-13 SepÈenber 1984).

;;.;;.;;;;-i;zt--------------;;;;;-i;,;Leve 1

above Depth
NAP z
(n) (m)

IVIIIII toÈal
pool

toEal
pool

8.28
8.03
7 .78
1 .53
7 .28
7.01
6.78
6.49

0.00
o.z5
0.50
0.7 5

r .00
r.25
I .50
| .19

22847
18743
137 62

590 I
2530
888
r08

I 33I4
8r15
4052
I 594
540
II3
l6

0

2544 10364 6384
2361 8725 5352
1380 7 407 3590
462 4622 584

o 242t 108
08880
01080
000

17 r0 1846
137 r 927
87r 5r4
I34 101

00
00
00
00

frble 3

Achterste Goorven. MorphoEeÈrlc data on ll-13 SepÈeBber 1984 (wacer level 8.28

n + NAP).

Ba61n
toÈa1

poo 1IVIIIII

Area (u2)

volune (m3)

Max. depth (m)

Hean depth (n)

zlzÉx
Lengch of ehore llne (n)

Shore llne developoent

2544 10364 6384

1370 7338 f207

0.96 r.79 1.rr
0.54 0.7 I 0.50

0.56 0.40 0.45

2r0 625 750

r . 17 1.73 2.65

l7l0 1846 rr847

808 616 13314

0.86 0.84 t.19
o.47 0.33 0.58

0.55 0.39 0.32

200 350 2135

r.36 2.30 3.98

A

v

z
E8X

z

L

DL

fablc 4

AchrersEe coorven (ACO), cerrltafles (GER), KJ.lplo (KLI) anrt Tongbersven-tlest (TON)4. uorphooetrlc data.

At bath)rueÈrlc aurvey At Eeen rater leveL

AGE GER KLI TON AGO GER KII TON

Area (n2)

volme (n3)

Èíax. depth (o)

!íean depth (n)

Relatlve depth (í)
zl z'mx
IÉng,th of ehore llne (u)

Shore llne developenÈ

22847 65093

13314 38346

r.79 r. r0
0.58 0.59

r.05 0.38

0.32 0.53

2t15 1800

3.98 r.97

23500 67E00

14500 45800

1.85 1.24

0.62 0.68

1.07 0.42

0.34 0.54

6200 4380

5100 4100

I.14 L.74

0.82 0.94

r.25 2.33

o.tz 0.54

A

v

zÉI
2

z

:
L

D-
L

5984

3909

I .00

0.65

1. 15

0.65

3t0

l.I3

4599

4563

r .89

0.99

2.47

0.52

430

1.79

aDepth of Tongbersven-Ileot ,.4 D€aaured frod raÈer gurface Èo Elneral soll, depEh of oÈher poole ls
Leaeured to Eud layer.
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Gerritsfles, KllpLo and

-28-

Tongbersven-Ilesc. Àrea and volunea.

C€rrltsfles
18 and I9 Septenber 1984

Kllplo
10 September 1984

Tongbe rsven-LIe st
8 January 1985

Level z

(m + NAP) (m)

A

(.2)
v

('3) (.2)
v

(r3)
Level z

(u + NAP) (o)
A

(.2 )

v

(r3)
Level z

(o + NAP) (n)

39 .77
39.52
39.39
39.21
39.O2
38.7 7

38.67

0
o.25
0 .38
0. 50
0 .15
I .00
I .10

r 2.84
t2.59
12.34
12.O9
11.84

5984
5336
43 I8
2966

5t

8. 28
7.78
1 .28
7 .08
6.88
6 .68
6. 48
6. 39

0.00
0.50
r ,00
1.20
r .40
I .60
I .80
I .89

66469b
65093 38346
57061 23017
4683 l 16538
3835r ir260
2t746 3748
5883 294

00

4599 4561
3620 2513
267 3 950
1963 488
1204 tl 6
3r8 36
4t2
00

3909
2494
1 288

371
0

0
25
50
75

r00

aDepth of Tongbersven-Ilest ls ueasured fron vaÈer surface Èo mineral soll, depth of Ehe other pools ls neasured to
the Eud layer.

bArea includlng dry botÈoE (hatched area !n fl-g. 15).

Depth of rhe mineral soll (Fig. 7) and warerdeprh (Fig. g) have a
rather similar distrlbution. ïhe deepest parts are in basin II, where the
maximal water depth is 1.85 m. To the east Èhe depth is generally decreasing(Table 3, Flgs. 7 and 8), rhe thickness of the sediment layer (Flg.9) i;highly unevenly distributed. The thlnnest part.s are only I drn thick, thethickest parts more t.han I m. The Ehlckest sedlments are found atwind-sheltered places.

G€rritsfles

The results of the survey of bathynetry and sediment thlckness on lgand 19 September 1984 are presented ln Flgs. 14-16 and App. 4-6. ïhe r{ater
level on these days was 14 cm below the average level recorded durlng theperiod 1979-85 (39.91 rn f NAP). DaEa on area, volume and other morphometric
parameters are presented ln Tables 4 and 5. Depth-area (hypsographlc) and
depth-volume curves are presented in Flgs. l0-13.

The norphology of Gerrltsfles is less complex than that of Achterste
Goorven. One large and three small lslands are present. T,he shore 1lne
developrnent is half that of Achterste Goorven.

The area and volume at mean ïatgr Ievel, catrculaEed by extrapolatlon
from Flgs. l0 and 11, are 67.8xIO'm'and 45.8x10'r'respectively. ïhe mean
depth at mean water leve1 is 0.68 n (Tab1e 3). Depth of mlneral soll and
waterdepth (FÍgs. 14-I5) have a rather slmllar dlstrÍbutlon. The deepest
part is ln the center, east of the largest lsland, where the maximal water
depth is 1.24 m. The shallowest parts are ln the NE-branch, where the
maximum depth is 0.81 ru only. ïhe sedtnent layer is generally less than one,
or only a few declmetres thlck. ïhe thlckest sediments are at the \{estern
(wind sheltered) shores. In the western bay the sedinents are locally c. 9
dn thick. Thls sediment ls not unlform, but consists of a serles of layers
of organic sediments, separated by layers of sand, whlch was blown inÈo the
pool. Only at a few places the mlneral bottom ls vlsible between the
unconsolldated sedlment nearshore.

KlipIo

The result,s of the survey of bathymetry and sedlment thickness on l0
September 1984 are displayed in Fig. 17 and App. 7. Ihe water level on thls
day was 14 cm below Èhe average level recorded during t.he period 1982-85
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OIEPTE VAN DE TIINERALE BODE\I (cm

Flg. 17. KJ.lpto, septeEber 10, 1984. A.
bathyuetrlc EaP (dePth ln
sEatton6. Water level 12.84 o
LIJT.I.
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Eo ro..
Ero,oo..
I,oo,ro.,
Ir,ro..

KLIPLO BIJ
Opname op lr) set)lPml)er 1984

Opnailc I C tsuys tl va'r l)d,r'
A \lerl€r)s.en W C C- hstvpe'r

Cenerallzed depth of Elneral soll ln cE below water leve1. B. Generallzed
cn). C. cenerallzed Èhlckne86 of nud Layer (cn). D' Plant epeclee on gauglng
+ NAP. Dot = pemnent eaopllng sE8tlon, croas = chemlcal eanpllng statlon

(12.98 m + NAP). Data on volume, area and oEher morphometric parameters are
presented in Tables 4 and 5. Depth-area (hypsographic) and depth-volume
curves are PresenÈed in Flgs. 10-13.

The morphology of Kllplo ls simple. Only one small lsland is present.
ïhe shore line developmenE ( 1.13) ls only sllghtly hlgher than the
theoretlcal mlnimum value (I.00).

ïhe area and volume aE meaq water leveJ,, calculated by extrapolatlon
frorn Figs. 10 and Il are 6200 m- and 5100 m- respectlvely. The mean depth aÈ

mean rrater 1evel is 0.82 m. ConsequenÈly K1lp1o has the largest mean depth
of the invest.igated pools (the- nean depth of Tongbersven-!íest is 0.94 m, but
lncludes a Ehlck rnud layer). Depth of mlneral soll and l.IaterdepEh (Ftg. 17)
have a dlfferent pattern. The surface of the sedlment layer ls llke a souP

plate. Ihe surface of the mlneral bottom has a deep depression (maxlrnal 1.96
m below mean r^rater level) near the quaking bog at the western slde.
presr:mably thls depression ext.ends under the quaklng bog. Here the sedlments
are up to 1.24 n Èhick. At the SE-sandy shore the sedlnent is absent.

DIKTE DEIRITUSLAAC (cm) PLANTESOORTEN OP PEILPUNTEN

o.Pn Pn- Pn

Pn Pn Pn Prr Pn

Pn Pn Pn Pn Sa tvt

Pn
Pn Pn Pn Pn Pn Pn Pn Pn

Pn Pn Pn Pn Pn

WATERDIEPTE (cm)
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1r0 33 t0

uqr zi".
lo 60
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-,

.r]

li.
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DTXIE IRlLvtti t(n)
DIKTE DETRITUSLAAC (cm)

/

\,

Opname op I ianuar' I 985

Opname. J.C.Buys en
lï.C.C.Oostveen

T-t
9rens open waleri trrlveen

- grens gelnundeerde
Iaggzone

Flg. 18. Tongbereven-llest, Janury I, 1985. A. Depth of nlneral soll ln cD belos water level. B. Bath)metrlc Mp(depth Ín cn). C. Thickness of quÍverÍng-bog layer ln cn (ltallcs), thlcknees of Eud layer ln cn (nornal).
ShorÈly daehed llne: borderllne betseen open eater and qulverlng bog. Iong-dashed llnes: borderllne betyeen
lnundated lagg zone and qulverlng bog. uater level 8.28 E +NAP. DoÈ - dlatou [onltorlnt Btatlon, square -veatem dÍatou sanpllng statlon, Croes = chenlcal BaEpllng statlon LtU.

Tongbersven-hles t

The resulÈs of the survey of bathlmetry, sedlment thlckness and
thickness of the quivering bog on 8 January 1985 are presented in Fig. lg.
The water level on Èhis day was 9 crn above the mean level recorded over theperiod 1983-84. Dat,a on volune, area and other morphonetrlc parameters are
presented in Tables 4 and 5. Depth-area (hypsographic) and depÈh-volune
curves are presented in Ftgs. 10-13.

The morphometrÍc parameters of Tongbersven-Iilest cannot be compared
dlrectly wiÈh those of the other pools. Below the quiverlng bog ln a large
area of the pool the thickness of the nud layer could not be neàsured wlÈh
the nethod used. Therefore, all morphometrlc parameters include the
thickness of the nud Iayer, which can be conslderable. The maxlmum measured
thickness of the mud layer was 85 cm, the minlnum 7 cm. Oostveen ( 19g5)
estÍmates the mean thlckness of the rnud layer to be 40 cn, whlch reduces Èhe
mean water depth to 56 cm. Ïhe qulvering bog has a mean thlckness of 54 cm,
although the boundary beÈween the bog and the underlytng lJater is dlfflcult
to assess. ïhe area of the open water is 1300 nL (Oostveen l9g5).
Consequently the area of the quiverlng bog (includÍng Ëhe relatlvely narrow
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lagg zone) is c. 3100 m2.
The area and volume aErmean water.level, calculated by inEerpolaEion

from Table 5 are 4380 m' and 400 m- respectively. ïhe mean depth at mean

water 1evel is 0.94 rn (Table 4). The maximum depCh of Ehe open water
(measured to the top of the sediment at mean water level) is 1.16 m and ls
found in the largest open \,raEer area.

GrooE llasselsven

No bathynetric map of thls pool has been
is very f1at. During Ehe surumers of 1982 and
the largest part of the pool was estimat.ed to
depth is c. 5-6 dm.

HYDROLOGY

made. The bottom of Ehls Pool
1983 the depth of the water in
be only 2-4 drn. In wint,er the

3.3.1 A simple hydrological model

The pathway of the water before it enEers a lake or pool is a key
factor ln understandtng acidlflcation of surface water (e.g. Van Breemen et
al. 1983, Stumm et al. 1983, Schnoor & Stumm 1985). Ïhe rate of
acidificatlon of lakes ln a simllar geologÍcal setting ls hlghly dependent
on hydrology (Bache 1984, Likens 1984, Driscoll & Newton 1985, Peters &

Murdoch 1985).
Before the present research was started tE \{as already known that

Gerritsfles has a perched water table, i.e. the waEer body ls lsolated from
the reglonal groundwater and lts watershed is hardly larger than the pool
itself. m"o Kliplo is isolated from the regional groundwater (Bakker 1984,

Bakker et al. 1986). The same 1s true for Tongbersven-I,Iest (Oostveen 1985).
Achterste Goorven was selecEed for our studies because it was expected, both
from its topographical situatlon and from earller chernical measurements (Van

Dam eE al. 1981), that tt rnlght be a groundwater fed pool (see also Ter
Hoeve 1949).

No observatlons of the groundwater Eable near Achterste Goorven are

Area Volume

V max
V mean
V min

*** water Surface

- 

impervious horizon

lllllllllll ..s".ic sediment

sand

§ 3qu11sr

flt. 19. ScheDetlc croaa secÈlon of a ooorland pool wtlh Éxlnun' oean and Elntmuo sater levels'
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available. I'ievertheless iE is possible to get an answer to the question if
this pool is isolated from the regional groundwater Eable or not by the
study of its chloride budget, as chloride ls considered Eo be geochemically
and biologically inert.

A moorland pool with a perched water table and wlthouE visible in - or
outlet can be represenEed as in Fig. 19. ïhe area of the water surface and
the volume of the pool at differenE water levels are deflned as in Fig. 19.

The annual input of chloride (Fr) can be approximated by

F, = PA_^__C-, (1)1 max p-
where P ls the annual amounE, of precipitatlon per square meEre and C is the
concentratlon of chloride in preclpitation. A---- (the maxlmal areB of the
water surface) ls used as a substitutà for the 

"BtËnr"rt 
area. ïhe annual

output of chloride (Fo) can be approxlmated by

Fo = (PArr* - EA*ir)co' (2)

where E is the annual evaporaÈlon of an open water surface per square metre
and C^ ls the concentratlon of chloride ln the overflowlng water.
Evapora8lon ls supposed Eo be most. lmportanE durlng summer, when the waÈer
level ls low. As the overflow takes place at. maxlmum \íater levelr Co can be
approxlmated by

c = c_v_ _/v_-_, (3)o -e'mean" max'
where C ls the estinated mean chlorlde concentratlon of t,he surface r{ater.
In a sttady stace Fi = Fo and combinaElon of the expresslons above gives:

PAV
^ max ltrax
u=----r-----o\uED-PA-EAV

nax m1n mean
The input, and output parameters of Ehls model, and also the water
t.iue:

= v l(pa, -EA )max'- max m1n-
given ln Table 7.
The model can be callbrated on Gerrltsfles, Kliplo,

Tr
are

(4)

renewal

(5)

and Tongbersven-
from Èhe reglonal

necessary, because
the presence of a

!íest, because these pools are known to be isolated
groundwater table. For Tongbersven-West a nodification ls
of the uncerEalnEy ln the t.hlckness of the sedlnent and

Teblc 6

Nornal a[ount of precipltatlog (P) and open uater evaporatlon, accordtng to the
Penman formla, (E^) ln tE a ^ for nearest cltuatologtcal gtatlons to the pools
over rhe perlod 1951-1980 (Anonynua 1982).

Pool Preclpltatlon Btatlon P Evaporatlon staÈlon Eo

frl lplo Dnlngeloo 632
622

82r Eelde
T\.e nt e

Deelen

GlIze-Rl Jen
Eindhoven

Gllze-Rl Jen
EÍndhoven

Elndhoven

853

627

662G€rrltsfle8 Kootuljk

Achter6te Goorven lllburg
BoxEel

TonSberaven-flest BoxÈeI

Groo! llasselsven Leende

73s
743

68s
690

688

685
690

719

743

688

690753
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Table 7

In- and output paraneters of the hydrologlcal mode1.

Parane te r A. Goorven Gerrltsfles Kltplo Tongbersven-W.

e (.2)"
MX

A.r, {oz)a
v (rj)a
v.ean (mJ)

P (n)

E (.)b
Co (oo1 m ')"
c- (nol n-J)
c- (ool n-3)

t. (a)

2 5000

))aii

t7r70

14500

0.739

0.688

0.069

0.41

0.44

5.4

69900

6 3800

5?100

45800

0.853

0.662

0.0 84

0.33

o.z7

3.0

6300 4599

5800 4070

5900 18 16

5i00 tl65
0.821 o.741

0.627 0,592

0.090 0.069

0.35 0.3t
0.33 0.25

3.8 1.8

'V-^-- f.or Table 4. A-,.. A and V calculated fron Flgs.nean m1n' Mx Eax
l0 and lI, uslng nean louest and nean hlghesE water levels 1n

the perlods 1979-85 (Àchterste Goorven, cerrltsfles) and I982-

85 (KlÍplo). For Tongbersven-l{est the lowest and highesÈ water

levels over the perlod I983-84 were taken fron Oostveen

(1985). See further text.
bE = Eo (Table 6), excepÈ for Tongbersven-west, wtrere E =

0.86Eo (see Èext).

"M..n over I982-84 1n preclpltatlon collectors near pools

( lt.F. van Dobben, pers. com. ) .

quaking bog. Oostveen ( 1985) estlmatts the volumes of the ruud layer and the
quaking bog to be 1680 and 1779 m- respectively. According to Vegt ( 1978)
Èhe water sEorage capacity (s) of a peatmoss dorulnated quaktng bog ls c.
0.4. Thus the volumina of Tgngbersven-I.Iest (Table 5) have to be reduced with
(1680 + (t-0.4) x 1779) mJ before the model can be applied. AnoEher
correcEion ls for the evaporatlon of the quaking bog, which dj.ffers from an

Tablc E

SenslÈlvÍtyqnalysis of estlmted chlorlde concentratlons
(C ) (nol n-r) and water renewal tlnes (T-) agalnat dlffer-
ente betseen annual preclpltatlon and evapoiaÈÍon of an oPen

water eurface (P-E) and storage capaclty of quaklng bog (s).

s 0.05 0. I0 0. t5 0.20 0.25

A. coorven C- 1.0 0.48 0.35 0.28 0.21 0.I7
T- I.0 5.4 4.0 3.2 2.6 Z.Or

Gerrltgflee 
i;

c r.0 0.77 0.54 0.42 0.34 0.29
Te r.o 8.4 6.0 4.6 3.8 1.2r

P-E

r.0 0.68 0.49 0.39 0.32 0.27
1.0 6.2 4.5 3.5 2.9 2.4

Kltplo

Tongberoven-lt C- 0.6 0.30 0.25 0.22 0.19 0.I8
T- 0.6 2.2 1.8 1.6 r.4 I.3
cr 0.4 0.32 0.26 0.23 o.2o o.l8
Te 0.4 1.8 1.5 I.4 t.z l.I
cr o.z o.2g o.24 o.2l o. tB o. t7
Te o.z 2.5 z.r t.9 1.6 1.5r
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open water surface. A reasonable estimaEe for t,he evaporation coefficient of
quaking bog surfaces is c. 0.8 (VegE 1978, Bakker 1984 and liEerature cited
herein). This is slmilar to t,he evaporaEion coefflcient. of the wet forest
ploEsrl \íhich do occur in small pqtches of the quaking bog. As there is c.
1300 m' of open lrater and c. 3200 m" of quaktng bog in the pool Ehe mean
evaporatlon coefficient is 0.86. Thus Ehe effecÈive evaporatlon for
Tongbersven-West is 0.86 E^ = 0.86 x 0.688 m = 0.592 m.

The model is sensiSive to changes in the values of Ehe input
parameters. In Table 8 che sensitivlty to changes in the effective
precipitation and the st.orage capaciEy of Èhe quaking bog (Tongbersven-I,I.
only) 1s shown. It appears Ehat. comparaEively small changes in t.he effecEive
precipÍÈation can have considerable effects on the calculated concentration
of chloride. As Ehe evaporation lras noE measured ln situ, buË estlmac,ed from
data from stations sone tens of kllometres avray, this is a weak point l-n our
calculatlons. Another weak polnt is the calculatlon of volumes aE differenE
levels. ïhree of the four pools were surveyed aE, a moment when water level
I^Ias rather low and È.he volumes at mean and mean maximum leve1 had to be
extrapolated. Especially for Ehe large pool Gerrlt.sfles, wtth iEs very
gently sloping bottom, thls ls Erlcky. Furthermore, chloride concentrations
from only one statlon ln each pool were used and there may be spattal
variat.lon ln each pool. Also an lnflnlteslmal model would be more precise
than a discrete model.

NeverEheless our observatlons allow the concluslons that Èhe chlorlde
concentratlon of Achterste Goorven corresponds well wlth Èhat of an lsolated
pool of slmilar shape and size. It is concelvable that this pool is not, fed
by groundwater lnflux. This ls not accordance wlth the conclusions of Ter
Hoeve ( 1949) who studled the reglonal groundwater pattern ln the area of the
pools near Oisterwijk. He supposed Èhat t,he bottom of Achterste Goorven is
moderately to strongly permeable.

years

6

5

l1g. 20

ReletÍon8hlp between sater renewal tlme and
chlorlde concenrraÈlon (t. - tZ.t CI- - 2.0,
r-0.97,p(0.05).

o
Ë
.F

4o

=oc
oL3
L
o
G

=z

1 0 0.20 0. 30 0.40

Chloride concentration
0. 0. 50
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As no morphologlcal data of Groot Hasselsven are available the water
renewal time cannot be calculaEed with the model. Flg. 20 Ehe relationship
between the chloride concenErat.lon in 1983-84 and the calculated wat.er
renewal time. As the meaq chloride concentratlon of Groot Hasselsven over
this period was 0.22 mol m - the water renewal tlme is probably c. 1.7
years.

3.3.2 Fluctuations of the water table

Achterste Goorven

Regular observation of the water level at. station B was started in
October 1979. Records were made each month until June 1980 and quarterly
since then. The resulEs are presented in App. 8 and Flg. 21. ïhe mean
quarterly level over the period November l979-February 1985 was 8.34 m *
NAP. The annual amplitude (only 4 observations each year) is usually less
than 0.3 m. Large fluctuaEions, especlally durlng perlods with a high net
precipitation, are softened by the presence of an outlet to Voorste Goorven,
which is effectlve at waÈer levels above 8.28 n + NAP (= 0.O6 m below mean
water level).

The outlet is a culvert with a diameter of c. 0.2 rn through t,he dan
whieh separates the pool from Voorste Goorven. Formerly the ouElet existed
either as a culverE or as a srnall ditch, but dtd not, always functlon
properly (Heimans 1925, Koster 1942, Van Dljk et al. 1948, Glas 1957).

Van Dtjk et al. (1948) draw ln thelr map also a snall ditch, connecting
Èhe Diepven wiÈh Achterste Goorven wlth basin I (Ftg. 9) of Achterste
Goorven. Ttrls connectlon presently does not exlst; no traces are left ln the
field and its former presence nay be wondered, because the water level of
Dlepven is 8-10 dm hlgher than that of Achterste Goorven. Apparently Dlepven
has a perched water t,able and a ditch to AchEerste Goorven would have
drained Diepven for the largest, part.

Ihe three pools forrolng basln IV and V (Flg. 8), are interconnected by
ditches and drain into basin III of Achterste Goorven by a man-made dltch
too.

No exact records exlst about lrater levels in the past. Ilowever,
Schulllng & IhlJsse (1928) mentlon Ehat during the dry sunmer of 1911 and
more strongly during the extremely dry summer of 1921 (De Bruln 1979) large
parts of the pools near Olst,erwljk drled up. Sttll ln the surmer oÍ L922 the
water level was very low. In pools whlch were exposed to wlnd the bottom was
blown away partly. 0n a photo of Achterste Goorven ln Zoetnulder (L922),
which was very probably Eaken in the summer of. l92l the waÈer level ls c.
0.5 m lower than the present mean water level. AccordÍng Èo the unpublished
notes of Helmans it was possible to walk right across the pool ln August
1921. Thus the water level was probably 0.7-0.8 m lower than Ehe present
mean level (Flg. 8).

During the extremely dry summer of 1976 (Schuurmans 1977)
privlleged t.o follow the footsteps of rny hlghly esteemed predecessor.

Froru the hypsographlc curve (Flg. 12) it appears that ln ext,remely dry
years as 1921, 1959 and 1976, when Ehe ldaEer level will be c. 0.7 m below
the mean waEer level, the area of the pool is reduced t,o c. 257. of lts area
at mean wat,er level. In the eastern basí-ns, the shallowest, ones, Ehis
proporÈlon wlll be even lower. The volume wlll be reduced to only c. L07. of
the normal voh:me (Fig. I1).

I was
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Gerritsfles

Regular observaEion of Ehe water level was started in 0ctober 1979.
Records were made each month unt.il June 1980 and quarEerly since. The
resulÈs are presented ln App. l1 and Fig. 21. The mean quarEerly level over
the perlod November l979-February l9B5 r.ras 39.91 m + NAP. The annual
arnplltude in 1980 and 1981 was c. 0.15 m. In the dryer years 1982 and 1983
the ampliEude was much larger (nearly 0.5 cm).

Schinmel & Ter Hoeve ( 1952), who give a Ehorough description of the
hydrology of the pool, which is c. 15 m above the reglonal groundwater
table, recorded the water level aE four different occaslons beEween August
1947 ar.d February 1951. In August 1947, during a rather dr) summer (De Bruin
1979, Schuurmans 1976) the water level was 39.50 n + NAP. This is 0.30 m

lower t,han the mean August. level from 1980 Eo 1984 and 0.11 m lower than the
lowest level which was recorded durlng our observatlon period (Novernber
1982). According to Fig. 12 c. 207" of the bottom area of the pool was

exposed to the atmosphere at t.hat moment, while the pool had only 45% of its
mean volume (Flg. 13). On February 7, 1951 Schimrnel & Ter Hoeve recorded
40.35 n * NAP, which ls 0.33 n higher than the average February 1evel ln our
observatlon perlod and 0.25 m hlgher than the maximum level we recorded
(February 1980). The mean of these two extreme values from Schlmroel & Ter
Iloeve is 39.93 n + NAP and close to the mean level of 39.91 m + NAP over the
period November l979-February 1985. On September 1, 1949 the level was 39.71
whlch ls not, far from the average August 1979 - 1984 level. Thus on the long
run, no serious changes ln the waÈer level of Gerrltsfles seen to have
occurred.

Kl1plo

Quarterly observation of the water level started in February L982. ïhe
results are presenEed in App. 12 and Fig. 21. The mean level over the
observatlon period was 12.98 rn + NAP. The mean annual amplltude was 0.34 u.

In the northwestern corner of the pool, 10 n northeast of the small
island, the pool has a protuberance, which is the remnant of an old dttch.
Ttre treshold of this dltch ls at c. 13.33 m * NAP, whlch is 0.19 m higher
than Èhe maxLmum leve1 that was recorded. It cannot be excluded that
occasionally thts ditch acts as an overflow.

According to BeiJerinck ( 1926) K1lp1o is constantly f1lled with water.
In recent dry years a large part of the bottom lÍas still covered with water.
In the extremely dry year 1959 people dld stlll bath when the water attalned
Its lowest level (P. Kerssies, perso colntro). On August 10, 1976 Mr. H.van
der Putten observed that the pool was stlll deeper than 0.5 m (B. Hoentjer,
pers. comm., see also Van Gijsen & Claassen 1978). As the maxlmum depth at
mean water level ls 1.14 rn (Table 4) the water level durlng these eplsodes
r.ras approxirnately 0.5 m below the mean water level. According to Flg. 12 Èhe

area at that leve1 ls still 802 of t,he mean area of the pool. The volume ls
reduced to 40/" of the volume at_qean waÈer level (flg. 13). As the mean

chloride concentratlon is 327^nnol E - (Table 17) the expected concentratlon
at thls volume Is 818 E{oI n-r. The concentrations on 760823 and 761006 were
62t and 818 mtol E ' respectlvely (App. t2). Thls corroborates the
observatlon of the water level in August 1976.
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Tongbersven-Wes t

FortnighEly observatÍons of t,he water level were carried
oosEveen (1985) from July 1983 until July 1984. The mean level was
NAP, the minímum level (8.01 rn + NAp) was at,Eained at 830902, the
leve1 (8.31 n + NAP) at 830614, before Ehe forrnlghtly observations

No dat,a about r^rater levels in Ehe past are ava1lable.

GrooË llasselsven

out by
8.17 m +
maximum

started.

Fortnight.ly observat,ions of the waÈer leve1 were carried out by
Oostveen (1985) from June 1983 until July f984. The mean level vas 26.27 a*
N§, the ninlnum level (25.98 m + NAP) was atÈained at 831lIl, the maximum
level (26.50 m + NAP) ar 830615.

0n the manuscripÈ of the chromot.opographical map scale I : 25000 from
1835 (Topographicar survey, Emmen) the surface area of the pool is
considerably larger t.han in recenE years. On the topographical rnaps l: 25000
from 1898 and 1927 the area of t.he pool ls c. three tlmes as large as the
Present one, whlch lndicates a higher water table ln the past. On the maps
surveyed ln 1950 and 1961 the area of the pool is c. one fourth of the area
on Ehe map from 1970.

The pool desiccated in the dry summer of 1973. The botton was heavily
cracked (Iven & Van Gerwen 1974). It ls evldent that the pool also drled up
ln the extremely dry sunmer of 1976.

3.4 CIIEMISTRY

3.4.1 Comparison of methods

As already stated in sectlon 2.4 sanples were analysed by two
laboratories. Chernical samples for long-tern monÍ.toring ln the pools
AchtersÈe Goorven, GerrÍtsfles and Kliplo were analysed by the
"Waterleldingbedrijf Mldden-Nederland" (WloI). Samples for short-term
monltoring ln Gerrltsfles, K11plo, Tongbersven-West and GrooÈ Hasselsven
were analysed by the DeparEment of So11 Scí.ence and Geology of the
Agricultural University (LUW).

Thus for Gerrltsfles and K1lplo parallel serLes were avallable for
comparLson. SarnplÍng statlons of LIJW were close to the pernanent statlons of
the long-term serles (Ftgs. 15, 17). The sanples of both series which are
compared ln Table 9, were Èaken about Èhe same days. Moreover, eight
parallel samples from other pools are avallable for comparí.son. These
samples were taken at the same morDent from the same buckeE.

In Table 9 the average values for the three groups of sanples for boÈh
laboratorles and the grand mean of all sanples for each parameter are given.
Results of regression analysis for t,wo nodels are glven in Table lo.

No appreclable dlfferences are found for pHl, EC251, sodium, poÈassium,
calcir:n, magnesir:m, alumlnlum, manganese, and chlorlde í.n mean values for
all pools, alÈhough conslderable dlfferences are sometlmes found between
lndividual sanples, especlally for aluminium.

As a whole Èhe mean values for lron correspond well, but in Gerritsfles
and Kliplo the LIJI{ values are much smaller than Ehe I,IMN values, while the
reverse ls true for the other pools.

In the LIIW sample from AchÈerste Goorven E very high values are found
for some of the parameters which are not, very deviaEing 1n other samples
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Trble 9

CoEparigon of chemlcal data from Agrlcultural IJnlversLty, Departnent
Htdden-Nederland'r (tl). ? : apparently erroneous data, excluded
outller, excluded froE regresslon analysÍs.

of So11 Sclence and ceology (L) and 'rt,laterleldtngbedrtJf
from calculatlon of mean values and regresslon analysÍ6, !:

POOL SDATE LDATE WC0LOR WK!,ÍNO4u LDOC [{SIO2 LSI02 WEC251 LEC25I

- oSPt/L og/l .....*o1 r-3.... mS/n mS/m

WpHf LpHf UPHI LpHl tlCO2 LCO2 WNA LNA WK LK IJNH4 LNH4

'mo1 t-3""""""'

G

G

K
K
K
K

K

D

P

H

M

S

t{
E

8305r7 830527
8308I7 830819
83IIT6 83II18
840216 840217
8405 l8 8405r 7

840814 8408t 7

84Ill3 84ll14
830517 830527
8308r7 830818
83rlr5 83u25
8402r6 840217
8405r8 840517
8408 l4 8408 I 7
84IIl3 84IIl4
820929 820929
820929 820929
820929 820929
82100r 821001
82r00r 82100I
821001 82100t
830126 830r26
8308r8 830818

1.9 4.I 4.50
9.0 4.0 4.55
8.4 4.9 5.3 5

6.3 5.1 4.85
5.5 5.5 5.55
8.r 3.9 5.r5
6.1 4.4 4.40
5.5 5.3
7.1 4.4
6.8 5.5
6.4 4.6
6. 3 5,2
5.9 4.8
5.9 5.2
8.3 4.5
6.4 4.5
8.0 5.4

I 3.0 3.9
5.1 4.4
5.? 4.3

12.5 4.2
t2.7 3.9

7.1 4.6 4.9r
6.3 5.0
8.9 4.4
1.6 4.6 4.9I

4.8 4 .3 9l
4,5 4.1 136
5.2 5.3 r r4
5.6 5.0 136
4.6 5.4 lI4
4.5 4.5 I l4
4.4 4.6 lr4
5.4 4.1 r 36
5.2 5.2 204
5.7 5.1 t59
5.3 5.8 r82
4.8 s.8 r 36
5.2 5.3 227
5.3 5.6 136
4.4 4.8 409
t,5 4.7 295
5.5 5.4 I 14
4. I 3.8 159
4.7 4.9 221
4.5 4.1 227
4.4 4.O 295
4.4 6.8? 204

4.8 4.8 tt7
5.3 5.t 169
4.6 4.5 241
4.9 4.9 t79

r74 t76 23 20 l3t r43
239 2r3 33 33 155 r72
261 zrt 38 31 261 218
r74 r83 28 27 16r r92
r74 t70 26 27 r55 r95
196 187 26 29 ltt4 146
r74 161 18 8 94 r42
219 24t 26 22 47 16
261 243 26 26 19 6
26t 3r7 36 31 94 38
261 257 33 4t 12 90
261 267 36 4t 36 7L
26t 250 21 23 6 4
261 241 28 28 17 33
304 303 64 65 61 lu
281 102 56 s4 4 39
126 724 61 67 155 t50
304 293 36 41 6 79
t74 ztt 36 42 l4 r07
t30 156 r0 14 3 4l
2r7 200 23 20 25 43
126 759 38 41 u l 80

t99 ra6 21 25 158 l8l
258 260 30 30 42 46
258 269 4t 43 48 8t
239 240 33 11 8r r02

II
t2

9
l4
t0

9
3

34
4l
12
3t
,7
2l
19
43
44
85

1

80
4
4

43

0
6
I
I
I
6
I
0

t8 4t2
30 585
29 656
20 351
2t 187 4
18 6t1
8 l169

50 r089
80 1062
50 I 387
42 7J5
55 r285
55 1029
38 649
50 1540
85 1970
70 r 540
4 190

r20 r920
6 460

ll I70
50 80;f

I
22

5

l
I3
I3

5

I
l3

3

2

30
25
l3
L7

I
50

I
83
l7
I

47

t0
t2
27
l7

5
I

l5
6

46
9

66
I9
l6
90

8.0
9.7
9.6
5.9

7.6
6,9
6.3
6.6
6.4
6.5
6,4
5.1
5.4
8.6
6.4
8.0

t2.6
5.2
5.3

12.6
I1.0

t,
0

44
t 611-

82
66

295
r96
2t2
229
r65
140
86

r07 |
L7 7l
t00!
59!
78!

138!
138!

38r

82
r89
104
120

Hean Gerrltsfles (lÍG)
Heen KIÍp1o (!t()
lGan other pools (UO)
crand oean (ct{)

l0
29
38
26

2t 810
53 1034
50 r07 s
41 917

2 1.9
2 6.2

33 8.7
13 7.6

Pool t{CA LCÀ tll{G LUG IJAL LÀL IIFE LFE tlHN Ul{N TJALK LHC03 t{CL LCL IJSO4 LSO4 IINO3 LNO3 llH2PO4 LH2POA Naue of pool

c 5095 49
c 5080 58
c503358
c50t34r
G 2550 4l
c 15 48 t9
G I00 30 4l
K 5023 58
K 100 70 74
K 50 - 74
K 5048 74
K 5088 66
K 5075 66
K t00 70 5E

D 7565 99
P 5032 74
2501958
H 200 142 156 I
r{ I25 95 58
s 100 104 49
u 299 297 90
E 100 340? 90 I

lrc 48 50 48
MK 64 62 6l
MO 125 lll 84
G.r Er 75 61

17 lr 15
61 2.O 35
45 14 13
4I rO 2

33 l0 16
49 16 16
49 26 L2
57 12 22
66120
74 20 24
f0 ll 5
7077
7094
66 13 33
92 26 ll
66 l0 t6
49 19 7

52 43 29
51 23 II
55104
93 2ll!303r
721 39 25

33
l6
33
33

8
8
I

49
49
82
33
66
33
49
I
I

66
0

33
I
0
8

20
52
I4
28

I
I

l7
l0
45

I
I
6

t2
4l
56
40
II
13

3
3

l0
I
2

2
2

I I7?

20 23
26 29
16 66
t2 2l
990

20 4l
124

46 48
91 54
64 69
t9 84
35 89
32 39
l8 42
54 38
51 44

4t9l22tl
86

9t 53
356
32

r50 62

t5 42
44 6l

tol 54
56 52

lI 254 27r
26 328 336
18 123 332
18 303 ll4

0.0 GerrltsfLeg
0.5 cerrltBfles
0.4 Gerrltsfles
0.0 Gerrltsfles
0.5 Gerrlt8fles
0.4 cerrlt6fles
0,5 CÉrrltBfles
0.0 KJ.tplo
0.0 KItplo
0.5 (11p1o
0.0 Kllplo
0.3 Kl.lplo
0.4 (l1plo
0.5 Kllplo
1.3 Dlepveen
2.1 Poort 2

1.5 Echtenerzand
0.8 croot Hulsveo
1.5 tlíd. tlolfsputven
0.5 Schaapaven
0.5 Deel,enache lfaach
0.6 Acht. coorven E

0.3 Gerrltsfles
0.2 KllpLo
l. I Other pool8
0.6 AlI pools

240 304
296 f20
3t0 321
226 254
2tO 256
254 239
2t2 202
3r0 299
324 301
339 400
139 344
353 324
339 309
296 371
367 172
324 313
38r 394
353 349
240 254
169 186
254 264
494 523

0 0.05
0 0.42
I 0.05

t5 0.u
r 0.05
r 0.05
t 0.21
0 0,u
0 0.ll
r 0.2t
I 0.ll
2 0.05
r 0.05
6 0,ll
5 0.32
5 0.2r
5 t.37
5 0.05
5 0.05
5 0.05

45 0.05
591. 0.2 I

2 0.I4
r 0.ll

u 0.29
5 0.18

250 261
29t 317
29L 294
167 2r3
3r2 8l?
208 ?63
208 229
t61 133
146 96
83 ll5

146 97
-87

42 76
104 57
27 t 227
187 I07
229 17 |
52r 475
208 100
187 t47
708 732
437 282

247 264
rr5 95
346 280
246 2t4

t6
5

5

8
8
5

l0
lt
I
5

6
3

3
3
3
5

5

2
8
2

29

45
68
80
64

15 16
t2 14
48 5t
26 28

e.g. PHl, calclum and Í[agnesium. Presumably thls sample was stored too long
ln Èhe LIII{ laboratory before the analysis starEed.

The LIIW values for ammonlum and PhosPhate are nearly always hlgher than
the correspondlng WMN values. The grand mean of anmonlun 1n the LIJW samples
Ls 26"/. higher than Èhe mean of WMN. ïhe relatlve dlfference varles between
10 and 691l for each of the t,hree groups. Phosphate 1s 2-4 times higher ln
the LIIW- t,han ln the l{MN sanples. However, this ion ls unimportant in lonlc
balances.

Hydrogen bicarbonate is often htgher in the WMN samples Èhan ln the L1;I.I
samples. Thl.s ls caused by a difference ln methods. The WMN uses an
alkalinlty tltratlon and supposes all the alkalinity to be presenr as
hydrogen blcarbonate. Sometlmes a part of the weak organlc aclds l-s also
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Table l0

Regresslon analysls of chenlcal data fron WMN and LUl{.

Hodel la

Intercept SIope :---e---/"var Slope Zrt.d

;i,-;'
Paraoeter

SI 02
EC2 51
oHl
co2"
NA

K
NIT4

CA
ÈtG

AL
ÀL"
FE
FEE

MN

ALK/HCO3
CL
so4
N03
H2PO4

-2.34 0.926
-2.O4 1.019
0.76 0.8s3

29.z 0.760
10.2 0.959
-2.05 r .075
30.9 0.877
8.2 0.815
0.07 0.957

-9.67 r.437
6.08 0.496

28.6 0.423
36.0 0.201
2.22 0.433
4.4t 0.309

22.2 0.964
-12.3 0.957
-3.07 r.163
0.43 0.902

0.868 63
o .994 9l
1.008 45
0.949 r I
1.000 83
1.021 9r
1.098 7 L

0.877 7 6
0.968 94
r.332 94
0.769 14

0.573 39
0.716
1.047 19
0.399 17

1.034 85
0.921 88
0.912 52
r .618

62
9l
44

3

83
9t
79
75
94
96
I9
66

4
25
I6
85
87
52
I5

0 .80
0.96
0. 68
0 .34
0.91
0.95
0.89
0 .88
0.97
0.98
0 .48
0.82
0.29
0.54
0.45
0.93
0.94
0.73
0 .43

tLUu = I.t.."epr + Slope x I,lÈiN.

bLut{=S1op"*I.I}ÍN.
cProduct-monent correlatlon coef f lclent.
dPercentage variance accounted for (- = resldual varlance exceeds

varlance of LUW).
tAft.r r."oral. of outllere.

Iablc ll

CoBparlson of charge balances fron Agrlcultural UnlverslEy, Departoent of Soll
Sclence and G€ology (L) aqd 'rUaterleldlngbedrllf t{ldden-Nederland" (ï).

Pool
Laboratory

Crcrrltsfles K1Lplo OÈher pools
WLHLI.IL

A1I poole
WL

56 L7 27
269 239 240
43 33 33
8r 8t 102

III 81 75
80 67 40
51 26 28
54 56 52
433

749 603 600

r8 28 18
132 303 314
280 246 214
Il 7 5
r01

53 (49) 49
695 633 601

636
260 258
30 4r
46 48
62 t25
68 84
14 48
6t lot
41

551 7 44

21 7

186 258
25 30

l8l 42
50 64
45 67
16 t2
42 44
23

568 527

rl 52
27 L 328
264 rr5

25
00

40 ( 54)
588 554

l9
r99

27
158
48
48
t5
I5

2

53r

n
NA

K
NII4
CA

UG

AL
FE
UN

SlJl{ CATION

HALK or LC03
cL

s04
N03
fl2PO4
ORGANION

St,}{ ANION

26 14
336 323
95 346
t7
00
s4 (s3)

5t?. 74!

20
254
247

8
0

( 40)
569

da -0.03 -0.02 -0.02 0.04 0.00 0.04 -0.02 0.00

a6 - (sur{ cATroN - stu ANroN)/(stD{ cATroN + stl{ ANroN).

Eltrated by thls nethod. However, Ehis is not always true, because the
highly stained samples fron the pools D and P for instance have negltglble
bicarbonate concent,ratlons. In the LIIW sarnples blcarbonate was calculated
from Èotal inorganic carbon deterrninatlons.

For CO, large differences are found between lndlvldual samples,
although the-average values for Kllplo and Gerrltsfles correspond reasonably

cr
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well. In the ot,her pools, however, LCO? ls as an average only 432 of WCO?.
ThÍs might be caused by the fact that Ehese samples were in a bat.ch EhaÈ w5s
analyzed imrnediately after sampling in che WI,ÍN laboratory, buÈ had some
delay in the LUW laboratory.

In Table ll ionic balances from samples of both laboratories are
compared. ïhe concentrat.ion of organlc acid (ORGANION) was calculaEed by the
formulas of Oliver et al. (l-983) from DOC, assuming a weak acÍd contribuÈÍon
of organic carbon of 5.5 meq/C C (Henriksen & Seip 1980).

It appears that the analyses of both laboratories generally deviaEe
less than a few percents of the situation where the catlon sum is equal to
t,he anion sum, and thus are of good quality.

3.4.2 Long-term changes

The chemical data for the perlod 1919-85 are presenEed in App. 8-10
(Achterst.e Goorven), ll (Gerrltsfles), and I2 (Kliplo). The pII measurements
by Glas ( 1957, 1958) and Moller PilloE ( 1958) were performed w'ith
pH-indlcaEor paper (H.K.I,t. Moller Pil1ot, pers. conrn.). These are not
lncluded in Ehls report, because lndicaÈor paper method glves unrellable
resulEs in weakly buffered waters.

Only for pll enough daEa are present for statistical comparlson between
different periods. Ihe results are given ln Table 12.

lledian pH values, lnsEead of average values, for each perlod are
calculated for two reasons. Firstly there ls cont.roversy in the llterature
abouÈ calculation of average pH values: as arlthmetlc or as geometrlc means
(Barth 1975, Iliddleton & Rovers 1976, Sheridan 1976, Eralp & Thomson 1978).
In our case, however, all three measures of location glve nearly identlcal
results and do not dlffer rnore than 0.2 pII unlt. Secondly the nedlan is a
non-parametric statistic, which allows us to apply non-parametrlc tests,
e.g. the Mann-Whitney-U test or Wilcoxon two-sample test (Sokal & Rohlf
1969) to test the slgnificance of differences beÈween Ehe perlods of
sarnpling.

For all st,ations where pH measurements in the period 1939-30 are
aval1ab1e, the pH dropped significanÈly from thls perlod to 1978-85 (Tab1e
12). Also slgnlficant are the dlfferences beEween the perlods 1919-30 and
1950-60 in Gerrltsfles and I9I9-30 and 1970-76 ln Kllplo. The pH drop ls
largest ln Achterste Goorven (2.1 and I.8 on statlons B and E respectively)
and srnallest 1n Kliplo (0.8). Gerrltsfles ls lntermediate wlth a decllne of
1.2 unlts.

ïhe measurements before 1965 were rnade by colorimetrlc methods. After
1965, electronetrlc methods were generally used. Colorfunetric measurements
can easlly glve errors ln the magnltude of I pH unit ln weakly-buffered low
alkallniÈy wat,ers (Ilalnes et al. 1983, Blaker & Dlgernes 1984). But also the
electrometric measurements of pH ln low alkallnity waters ls subject Èo

conslderable errors. Although the instructions of the manufacturers were
carefully followed and electrodes were calibrated with buffer solutlons of
pH 7 and pH 4, partlcularly at pH values below 4 errors were made with the
measurement ln the field. SomeÈlmes values below 3 were read from the
dlsplay. A test wlth a buffer solution of pH 3 gave incorrect values ln such
cases and the electrode had to be discarded. Àlso CovlngËon et al. ( 1985)
and Neal & Ihomas ( 1985) report about the lnaccuracy of electrometric
determlnation of pII in dllute waters. Errors 1n the mangnltude of 0.7 pH

unit were observed.
It nay be concluded that the data lndlcate acldlflcatlon of the pools

Achterste Goorven, C'errltsfles, and Kllplo over the last slxt,y years, but
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leblc 12

Coupartson of pH (roeasured tn the fleld) in four dlfferenÈ pertodsa

A. Goorven A A. Goorven B A. Goorven E c€rrlEsfles Kllplo

19f9-1930 nedlan
range
n

1950-f960 oedlan
ranSe
n

l97O-L976 red1an
range
n

1978-1985 nedlan
range
n

5.2

I

4.I
3. 3-5.0

l8

6.0
5.5-6.6

3

3.5

I

3.9
3.3-4.9

l9

5.7
5.4-6.0

2

:
3.9

3.4-5.6
l9

5.ó
3 .9-8. 8

l0

5. 5 6.0
5.5-6.5 6.0-6.5

93

4. rb s.2
4.0-4.rb 5.2-5.2

2bl

,:,
I

4.1 5.2
3.9-5.5 4. r-7.8

L7 24

"Dlfferetc.s between the flr8t and la6t perlod on all but the fÍrst eanpllng statlons are slgnl-
flcant Hlth P < 0.02 (Wtlcoxon Èso-6anp1e test, tuo-talled). Other slgnlflcant dlfference6 are
ln G€rritsflea beÈeeen flrst and eecond perlod (p < 0.02) and ln Kllplo between flrst and thlrd
perlod (p < 0.02)

bl ,"""rr"r"r,E (I950) ln fleld, I neasJrement (I960) 1n laboratory.

the absoluEe decrease of the pH is still uncertain.
For oÈher chernlcal parameEers fewer daÈa are available, which do not

allow staÈlstlcal analysis. From AchtersÈe c,oorven statlon B (App. 9) a
saoPle ls avallable frou November 1919 (taken under a thin layer of ice).
Ïron, manganese; ammefllsxq and phosphate are present ln much lower
concentrations ln this saople than ln any of Ehe recent (1975-78) samples.
Especially for the latter two parameters these differences may be a
consequence_qf less sensltive deËection rnethods in the past. Alkallnlty was
149 mmol m ' in the old sample and is absent ln each of the recent samples.
sulfate was found with a concent{aElon of 208 equivalent nrmol m J in 1919,
458 in 1975 and 729-1645 mmor m J in 1979-85. rhe lncrease is evÍd.ent.

Table 13 is an extracÈ of App. tt and summArlzes the measurements of
some selected Parameters from Gerrltsfles. Ihe pH, measured in the field,
declines signlficantly over the last 60 years, as was already demonstrated
in Table 12. rn contrast, t,he pH, measured in the laboraÈory, has been
falrly stable over the same perlod. The slngle measuremenÈs of annonium in
1925 and 1930 were much lower than the average value in 1979-85, but in Èhe
latter Perlod slngle measurements with slntlar low values as ln lgl5 and

Lbl. 13

C,errlt8fles. Long-lerD changes ln oean values of aelected

:Ï:=i_r::irÏrl______
____________t5::11___r,_:1___yi______:t______::i________:
r925
r928
r930

5.5
5.84 6.5

- 4.4 0 395 354

468 396
395
hzg Sooc
282 54r
339 916
3s3 625
267 277

2l
1950 4.0
1960 - 4.t lll
t974 3.9 4.1 47
1977 - 4.0 89
1978 4.r. 4.1 50
1979-85 4.4" 4.7 gg 23

an - E, bn = 17, clnferred fron correlatton uirh c"2* 
"r rg2*.
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AchEerste Goorven. Average values of chenlcal
and physlcal. paraEeters for Ehose data wlthln
Ehe perlod 790710-850211 wtren sÍnultaneous
observaÈlons at the Etatlons A, B, and E, were
made.

Station Nwber of
obser-

vat lona

- 46-

1930 occurred regularly. Therefore no
change of the concentraÈion of
anmonium can be assessed. The chlorlde
concent.ration decllned significantly
(p(0.01, Wilcoxon t,wo-sample test)
between Ehe perlods 1925-50 and
1960-85. This ls prestrmably caused by
the separation of Ehe Ztiderzeef
IJsselmeer from the l.Iadden Sea in 1932
and the commensurate decline of the
salfnlty of the water in Ehls area,
which probably also affected t,he
chlorlde cont.ent of the preclpltation
aE Gerritsfles. The sulphate concen-
tratlon ln f979-85 is in the same
order of magnitude as ln 1925 and
1930. The peaks ln 1960 and 1977-78
wl11 be dlscussed later.

Apart from the changes in fleld
measured pH (Table 12) no long-term
changes are apparent ln Kllplo (App.
12). Ihe peaks of Eotal phosphate and
phosphate are probably caused by
differences in analytlcal nethods of
differenÈ laboratories. Ttre hlqtt
values of chlorlde (nax. 818 rnmol m -)
ln the extremely dry sum$er of L97 6
(mean 1981-85 323 mrnol n-') are due to
concentration by evaporatlon (see also
sectlon 3.3).

TEMP

o2
ozz
pttf
pEl
EC2 5f
EC251
COLOR

KMN04u
CI
N03
s04
ALK
coz
c03
n2P04
È-P04f
SIO2
NII4
NI{4-org
FE
MN

AL
CA
MG

NA
K

12.8 Lz.9
295 299
86 89
4.0 3.9
4.3 4.1

t7 .4 19. r
16.8 17.8
4.2 4.3

15.6 14.8
458 443

3.4 4.8
927 r04r

8.2 0.0
457 520

0.0 0.0
0.07 0.09
0.40 0.49
7.4 12.r

166 167
16.1 19.6
z7 4L
5.2 5.0

159 Zt$
205 r98
216 234
361 372
46 53

12.0
30t

88
3.9
4.1

l7 .8
18.0
5.2

r4.5
452

5.0
941

0.0
507

0.0
0.09
0.57

r3.9
152
20.3
37
3.9

172
206
219
372

52

30
30
30
I9
23
30
23

9
9

2t
9
9
9
9
9
9
9
9
9
9
9
9
9

l8
9
9
9

3.4.3 Medium-tern changes

Monthly sanpllng ln Gerritsfles and Achterste Goorven (statlons A, B

and E) started 1n July 1979. As temporal changes were noÈ extrenely large,
sanpllng frequency was reduced to four tÍmes a year 1n July 1980. Because
the dlfferences beEween the Ehree statlons 1n Achterste Goorven were small
the fuIl set of analyses was contlnued only at statlon E. At the stations A

and B only pH, conductlvlÈy, oxygen, calcÍum, and chlorlde were monitored
from August 1980 onrdards. In August 1984 complete ioní-c balances were made

on Ehese two stations. Achterste Goorven E is falrly representatlve for the
other stations in Achterste Goorven. Graphlcal analysls and Frlednan two-way
analysis of varí.ance by ranks of each of the parameters llsted 1n Table 14
reveal only differences 1n the concenÈrations of SlO, (p (0.001, mí.ní.mal at
statlon A and maxlmal at E) and Èhe fleld measureí conductlvlty (p (0.02,
maximal at B). Quarterly sampllng of Kliplo was started in l'Íay 1981. From
all pools occaslonal samples were avallable from ot,her sources since c.
197 5.

The individual results are presented in App. 8-12. Sumary staEistics
for lndlvtdual pools are given 1n App. 15-17. Ihe pools are compared with
each oÈher in Table 15. Nitrite ls left out of the tables, because lt was

always below the detection liniE (0.2 mnol ,:J). To assess trends Spearman

rank correlaEives were calculaÈed over the observation perlod. The trends
were also assessed from vlsual lnspectlon of the plots of each of the
parameters against Eime, because tnany of fhe Parameters ldere not
monotonously increaslng or decreasing but had a mLnlmum of maxlmum within
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Table 15

Tlends ln cheolcal data froE Àchterste Goorven, GcÍrlt6f1e8 and KItplo.

Achterste coorven E (E) cerrlÈsfles (C) KLlplo (K)
order of

Paraneterà
"...b cor..t trendd r""ab aoaa." treudd ,aanb aoa"." trendd statrona

13 50
4.1 39
t.2 77
t.32 55
0. 19 15
0.87 -3
3.0 -72
4.4 -14

81 -36
12.8 -35
J2 33
22.2 -33

323 -39
423 I
53 14
31 69

386 -40
13 36
16,9 -51
15.6 -42
0.26 -61

620 -58
89 -46

158 -58
50 -69

t73 6t
0.97 54

I43 -64

AIK
pltf
PEI
(NA+K) /CÀ+HG)
H2P04
r-PO4f
UN

NO3

o27.
COLOR

0lNO4u
NH4-org
NA
CL
FE
sro2
c02
c03
EC25f
EC251
IR
s04
AL
cÀ
K
NH4
Nu ( NH4+No3)
UG

I elnce 82
I elnce 82
I slnce 8l
I
c
c
D

c
(D)
llax 82-83
(r)
c
D

c
líax 83
I
D

c
D

D

D

D

D

D

D

I elnce 82

D

24 37
4.t t0
4.7 42
1.9 64
o.27 -31
1.0 -29
3. I -72
7.5 13

r02 -21
8.6 36

2t 16
20.2 -15

2r0 -26
267 -15
11 18
8.9 -26

154 -56
00
8.7 -9
8. r -28
o,22 -60

277 -45
24 -57
82 -68
4l -t7
99 78
0.88 56

67 -85

(Max 8l) E<C<K
C E<G<K
D slnce 83 E<c<K
C E<G<K
D since 8l E<c<l(
D slnce 8l E-<c<R
D slnee 81 E;c?K
C E<K?G
(D slnce 82) e-K-<c
D Blnce 8l G<E<K
C G<E<K
l{ax 82 c<E<K
C G«<E
C G<K<E
D G<K<E
I slnce 8l G<K<E
I slnce 8l &X<n
c dK<E
c K<c<E
c K<«E
C K<G<E
c K<C<E
Hax 82 K<C<E
c K<«E
liax 8G-82 K<c<E
c K<«E
M1n 80-82 IO«E
c x-c<e

I slnce 8l 66 -42
I 6lnce 81 5.3 -18
I slnce 80 5.5 -39
I 2.25 -ll
D slnce 8l 0.40 -69
Hax 80-83 1.2 -16
D 3.8 -43(r) 7.r -33
c 89 -46
líax 83-84 30 -65(I slnce 80) 5l -4
c 28.8 -52
D 260 14
c 321 .r9
c 5t -53
ct040
D t63 5l
c00
D 6.4 38p 6.1 lt
D 0,17 -9
D I30 -22
D unrll 82 2.7 -32
D untll 82 70 l0
D 35 -49
I alnce 82 4l 19
lÍln 81 0.97 40
D 69 -r4

aclaestfled accordlng to ranklng of saupllng atetlons iE last colurn.
bcalcrlated froo qBrterly obaervatlons fro 790E15-850212 ln 

^chter8te 
Goorvèn and cèrrltsf1e6 and froE glo5o6-s5o212 tn (l.lplo.

tsp..*n rank correla!Íon coefflclent (x loo) ulth tlre, calculated over the aaEe perlod aa the rean.
dTrend elnce 1979. Por Kllplo no Eeaaurerenra of H2pO6, t{N, COLOR, SIO2 and
conatant, D - decreaee, Hln - Elntm, Hax - uxlou. parenthesea lndlcate

CO2 are avallable frou before 1981. I, lncrease, C -
that trend ls not very c1ear,

the perlod of observaÈion.
On some of the samPling dates the pools were lce-covered. Depending on

the condlt.ion of Èhe lce layer Ehe water chemlstry r4ras dlfferent from the
exPected one. If Èhe ice was growing, often higher ion concentratlons (and
lower PH values) were met, than were expected; if the ice was nelting often
lower concenEratlons (and higher pH values) were found than rrere expected
(App. 10-17, Flg. 2l). Ihese lnterruptions do not seriously dlsturb the
mediun-terxo pattern of changes.

In Kliplo the changes are relatlvely small. Èíost striking are the
decrease.*ln colour (Fig. 2l) and other parameters associated with humus(e.g. Fe"' and H?POÀ since 1981). Also pIIl is decreasing slnce 1983, but it
1s doubÈfuI weEheÈ this drop Ís persistent. pHf did not change wtthtn the
same Perlod. Sodlun and chlorlde had a rnaximum in the surmer of L976, when
the water level ln K1Íplo was extrenely low (see sectlon 3.3.2). Sulfate and
other Parameters assoclated with acidlflcatlon (e.g. aluminlum and calcluu)
have been const,antly 1ol, over the perlod of observatlon.

Although dlfferlng in some detalls the changes in Achterste Goorven and
Gerrltsfles are very slmllar. In these Èwo pools, and partlcularly in the
fÍrst one, highly elevated levels of sulphat,e, alumÍnlum, calclum,
magneslum' carbondloxlde, conductivlt,y, and even sodium and potasslum were
Present ía L977-78. All these factors are known to be assocLated with
acldlflcation of moorland pools (e.g. Van Dam eÈ al. l98l). For all these
Parameters' excePt sodiun, Gerritsfles holds an lntermedlate positlon
beÈween Achterst,e Goorven and l(liplo. Slnce 1978 the values of these
parameters have dropped. Ihe decrease rdas most rapld in the few years after
1977-78 and much slower from c. 1981 onwards. Several parameters, e.g.
alumlnium and calclun did not decrease anymore after this year, partlculariy
1n Gerrltsfles. Slnce c. 1981 pIIf, pHl and alkaltntty increase Ín both pool;
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(Fig. 2I, App. 10, tl).
Both colour and poÈ.assium permanganaEe consumpt.ion, assoclated with the

Presence of organic mat.t.er, Lrere very low durlng Ehe ftrst years after the
drought of 1976, but increased afEer c. 1981 (Fig. 21, App. 10, 11).
Ammonium increased in GerriEsfles and Achterste Goorven slnce 1982 (Fig.
20).

Changes in Kliplo are of minor importance when compared E.o those in the
oEher t.ÍIo pools. In dry summers only a small fracElon of the bottom of
Kliplo is exposed to the atmosphere (secElon 3.3.2). ïhe sediment is noÈ
aerat.ed in such years and the reducEion of sulphate can conEinue. As no
sErong acids are formed by oxydation of lron sulphides and reduced nit.rogen
compoundsr tro reduced levels of humlc and fulvic acids, whlch is oft.en seen
ln acidifying lakes (e.g. Almer eE al. 1978, Dillon et al. 1984), occur and
the pool is permanently stained brown. Ihe sulphate concenEraElon 1s kept
low by sulphate reduct.lon, which is a common process in t,he hunlc moorland
pools in the provlnce of Drenthe (Baas Becking & Nlcolai 1934).

The chemistry of both AchEerst.e Goorven and Gerrltsfles ls strongly
lnfluenced by the occurrence of extremely dry years 1lke 1976 when
respectively c. 75 and 507" of the bottom area of these pools was exposed to
the atmosphere. TtIe reduced sulphur compounds, thaÈ were accurnulated 1n the
botEom because of the hlgh sulphur load ln the decades before, oxidized and
sulphurlc acid was formed, whlch gave rise to hlgh sulphate concenEratlons
durlng refilling. Although the sulphate reduclng bacterla deploy opcimal
activiEy in neutral and alkallne vraÈers, signlflcant actlvit.y has been
observed in shallow acÍd natural eraters wlth pH values ln the open water
down to below 4, and acld peat bogs. However, the pH of the lnterstitial
\{aEer of Èhe sedlments ls oft,en l-2 units hlgher than ln the overlylng water
(Baas Becklng & Nlcolai 1934, Hemond 1980, Kelly & Rudd 1984, Baker et al.
1985, Carlgnan 1985). Thus after the drought-lnduced peaks the sulphate
concentratlons gradually decllne by reduction. Ihe sulphur ls flxed in the
sedfunents as lron sulphides and organic sulphur compounds. The
concentrat,ions ln Achterste Goorven may be htgher than in Gerrltsfles
because of the larger proportlon of deslccated botÈon and because of the
much longer water renewal time of Achterste Goorven (Sectlon 3.3.1). After a
drop fron 1977 onwards t,he sulphate concentratlon stablllzed ln 1980 ln
Gerrltsfles and as late as 1982 ln Achcerste Goorven. It is inportant to
not,e that, sulphate Sgductfgn coBsuÍng5-st.rongraclds and produces alkallnlty.

Ihe caElons Al'', Ca'' , I'ígo', Na' and K' have a slmllar pattern through
tlne as sulphate and are known to be weathered aE í.ncreasÍng rates from
watersheds exposed to acldiflcaÈlon (see Schnoor & SÈumm 1985 for a revtew)
and released from sedlments of actdlfylng lakes by cation exchange (Ol1ver &

Kelso 1983, Baker et al. 1985). Vangenechten et al. (1981) observed a
slmilar paEtern 1n the changes of rnajor lon chemlstry 1n Belglan moorland
pools during refilling after the drought of 1976. Also in 1960, after the
drought of 1959, t.he calclum and magneslum levels in Gerrltsfles were as
high as tn 1977 (App. 1t) and the inferred sulphate concenÈratlon was also
slnllar to thaE of 1977 (Table 13).

The acldlflcatlon process of lakes has been reported to lnhtbtt
breakdown of organic maEter. Particularly when the pH falls below 5 the
slower worklng fungi take over the role of the more rapld decomposing
bacterla (Grahn er al. 1974, Francls et, al. 1984, Rao et al. 1984). ltrls was
shown experlmentally by Kelly et al. (1984). Indeed many moorland pools Ín
Ttre Netherlands had a bare sandy bottom until three decades ago (e.g. Redeke
& De Vos 1932). A layer of organlc detritus has developed sLnce then. I{1th
the decllne of the sulphate concentratlons and concomltanE lncrease of Èhe
pII since 1981 one would expecE an lncreased decomposltlon of the organlc
sedimenE. Ihis nay be indicaÈed by the increased colour and permanganate
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consunption since 1982 (Eig. 21, App. 10, ll).
The sediments are also the site for nitrogen metabolism. The

concentraEion of inorganic nit,rogen (niurate, nitriEe and ammonium) ln the
pools is considerably lower than would be expected from Èhe composiÈion of
the precipitation (Section 3.4.5). Moreover nearly all nitrogen is present.
as aurnonivn (977" in Achterst.e Goorven and 882 in C,erritsf les, Table 15),
while in Ehe precipitation c. 65"1 is present as ammonium. Removal of
nitrogen is possible by nitrlfication of ammonÍum and subsequent
denitriflcation. Like sulphate reducElon nitriflcation proceeds optlmally in
neutral or alkaline environments. Nevertheless, niErification has been
reporEed to occur ln very acid (pH ( 4) environments (Keeney 1973, Focht &

Verstraete 1977, Van Breemen et al. 1982, Schindler t985). Also denltrlfica-
tion is possible at low pH values when enough organic Eaterial ls present
(Keeney L973, Focht & Verstraete 1977, Tledje et al. 1982, Hemond 1983).

NiErification of one mole of ammonla niErogen produces two moles of
protons, while denltrification of one mole of nit.rate nitrogen consumes one
mole of prot,ons again and Èhe net result ls the producElon of one mole of
Protonsr or a consumption of alkalinlÈy. As ammonlum and sulphate are
PresenE ln about equivalent amounÈs in precipitaEion, Ehe product,ion of
protons by ammonlum removal matches the consumption of protons by sulphate
reduction, at least, in Èhe long run. ïhe denitriflcaElon of nltrate
nltrogen, added by Èhe precipltat.ion w111 cause an extra consumption of
protons.

The aquatic macrophytes probably play an lmporÈant role ln the nltrogen
economy of moorland pools. As w111 be descrlbed in the Section 3.5 peat
mosses and particularly Juncus bulbosus developed explosively ln Achterste
Goorven and Gerritsfles after the drought of 1976 and gradually decllned
again afÈer 1978. Ttrls phenomenon is relaÈed to the elevated post-drought
concentrations of carbondÍ-oxlde (App. I0, 11). Carbondloxlde is a limiring
factor for the growth of J. bulbosus in acidified water (Roelofs eÈ al.
1984, Wetzel et al. t9'6'+f, -1. Uulbosus and Sphagnum cuspldatum have a
pos1t1vep\otosynthet1cresponse-wl.ttre]ffiedconiltrat1oGï?Zïffióïtum()
50 nrnol m -) as was deternined experlmentally by Roelofs et al. (1984). Both
J. bulbosus and Sphagnun flexuosum preferred arnmonlum above nitrate and
IerÏ@-af fecEà--EE -amxnoilum concentratlons in Ehe experiments of
Schuurkes et al. (1986). ïherefore, lt is not lnposslble that the increase
of arnmonl-um in AchÈerste Goorven and Gerrltsfles 1s partly a consequence of
the decline of J. bulbosus.

Apart froru-ïeTlGposttlon also dry deposltton of SO, and NH. occurs.
The dry deposltlon of sulphur on moorland pools ls'about twlde the wet
deposiÈlon, as was calculated by van Dam et al. (1981), but the amount of
dry deposition of ammonla is widely unknown. So tt ts stlll not posslble Eo
calculate an exact balance of proton consumptlon and productlon (or
alkalÍntty productlon and consunption) as has been done by l{emond ( l98O),
Di1lon et al. (1982), Kilhan 1982 and schofleld et al. (1985) for a bog
ecosystem and some lakes.

Schlndler ( 1985) expresses sollcltude about depletlon of iron when
sulphate reductlon wl11 contlnue at accelerated rates. In that case hydrogen
sulphlde is no longer flxed as lron sulphldes and w111 Íntoxicate the
system. As conslderable fractlons of the bottorns of Achterste Goorvan and
Gerritsfles are exposed to the aEmosphere durlng dry years (about every
threnty years) the iron sulphldes are oxidized and the process described
above wtll be repeat,ed. rn K1lplo, where the bottom ts permanently
submerged, the iron pool nay be exhausted in the long run. The contÍnuous
removal of iron by sulphate reductlon night uncouple the phosphate and lron
cycles, having a fertillzTrtg effect by allowing more phosphorus to remaln 1n
solutlon (Ohle L954, Stumn & Baccini 1978, Schlndler 1985).
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Tablc 16

Seasonal perlodlcÍEy of physlcal and chenlcal paraoeÈer ln Achter-
ste Goorven E, Gerrltsfles (7908f4-850212), and Kllplo (810506-
850212). Mln - season of mlnÍmum values, sax - seaaon of naxlmum
values. W ' wlnter (Nov.-Feb. or Feb.), Sp = sprtng (Feb.-!,Íay or
Hay), Su = suEmer (May-Aug or Aug.), À - autunn (Aug.-Nov. or
Nov.). Parentheses = perlodlclty not very clear.

A. Goorven E Gerritsfles Kllplo

ParaDeter nln max mln

LEVEL
TEI.{P

02
o2Z
pI{f
PEl
EC25f.
EC25t
COLOR

KHN03u
CL
N03
s04
HC03
coz
co3
r{2P04
r-PO4f
SIO2
NE4

Ntr4-or
FE
UN

AL
CA

ltc
NA

K

zcl
zso4
zNo3
zEco3
ZH
ZK
ZNA
TCA
zt{G
zuN
ZFE
ZAI

NE4/(NII4+NO3)
(NA+K)/(cr+uc)
IR

ASp
WSu
SuW

(u) (sp)
spl{
SuW

( sp)
I{ Su
SuW
Su !I
I{ Su
spI{
USP

l":
,:, ,!",
( Sp) I{
(A) I.I

l":
ASp

(A) (sp)
WSu
WSu
WSU

(A) (sp)

WSU
ASp
SuW
SUW
Ií Su

(su) (I{)spl
1lo
- (l{)

A
ul

A
I{
A
A
Sp
Sp

LI

A

Su
(su)

A
Sp

(u)
Su

I.I

S

Sp

Sp

SP

Sp
Sp

I{
I{
A
Su
!I

( su)
(A)
( su)

1

Su

'l'

(!,)
Su
Sp
SP

( sp)
t

A

-

-

;
( su)

A
I{

Su
Su
ll

Su
Su

Su

( spl
Sp

l"
( Su)
t{

Su

}I
( sp)

À

sp (A)
SuW
Sp Su
AA
Sp ( Su;
WSu
A-
1l'
;-sp_
!t-(1) 

_

Sp-Su Sp
A-

( su) ( sp)
ASu
A-
A I.I

-$t
ASu
A-
AA
A-
AA

Su
Su (À)
SpA
l,l-
Su I{

(u)
( sp)
(u) (u)

1"1
-I{
A-

Su Su

- (su)
-Sp

SuW

spA

3.4.4 Short-terrn changes

Short-teru or seasonal trends were assessed by visual lnspectlon of
graphs of chemlcal and physlcal parameÈers agalnst tlne. Because of the
rather llmited number of tueasuremenÈs no formal analyses (e.9. Fourier
Eransfornatlons) are applicable. A survey of the results ls dlsplayed ln
Table 16.

Kl1plo ls strlking, because of the lack of seasonal differences of uany
parameters. Even the water level has no conslsÈent tirne paÈtern and so ls
chlorlde. The pH (laboratory) has a maxlmum ln winÈer and a ninlnum ln
sunmer or autumn ln all pools. Amnonia has lts maximum always ln the cool
seasons (auEunn or rílnÈer), apparently because of lnhlbltion of nltriflca-
tlon by low temperatures (Focht & Verstraete 1977). There are no other para-
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§

meËers wiEh a slnilar seasonal
pattern in Ëhe three pools, apart
from Eemperature.

In Acht,erste Goorven ang
cerritsfles HCO;, ZHCO; and ZKr
are mlnimal ln suËmer and' maximal
in winter. 7.CL- is minlmal in
winter and maximalr*in Eymroer ig
bot,h pools. Cl , C^'-, Mgz' and Na+
have Ehe lowest, concenÈratlons ln
winter or spring, when Èhe water
level is hlgh and rhe hlghesr
concentrations ln summer or auÈumn,
when the rdater level ls low.

3.4.5 Dlfferences beÈween pools and

In Secrion 3.4.3 rhe dlffe-
rences of some chemlcal parameters
between Achterste Goorven, Ger-
rltsfles, and Kliplo were already
discussed. It ls the purpose of
Ehis sectlon t,o descrlbe the dif-
ferences in Íonlc composition of
all pools and to discuss then in
relatlon to t,he coruposltlon of the
lnconing preclpltatlon.

Charge balances of the mean
compositlon of all five pools over
the perlod l,Íarch 1983 - líarch 1985
are given ln Table 17. Standard
devlations are glven ln App. 16.
The values for all pools but
Achterste Goorven are the averages
of rnonthly measuremenÈs by the
Departnent of So11 Science and
Geology of the Agrlcultural
UniversÍ.ty (Wagenlngen) fron l,Íarch
1983 through l{arch 1985 (Futl data
are presented ln App. 17). For
AchtersEe Goorven the results of
elght quarterly measurements from
May 1983 through February 1985 byrI{aterleidlngbedriJf Mldden-Neder-
landr were used. The eomparison of
quart.erly daÈa of Achterste Goorven
of one laboratory wtth nonthly data
of another laboratory 1s warranÈed,
because the results of both
laboratorles are comparable
(Sectlon 3.4.1) and the averages of
quarterly values of Lhe LUW sanples
dlffer only sllghtly from averages
based on uonthly values of the LIIW

!

!

!

g

E

r
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samples. At least differences between pools are much larger than differences
wlthin pools.

Organic acids were calculated from DOC. The mass action quotient of t.he
fulvlc and humic acids can be estfmated by t.he formula of Oliver eE al.
(1983): pK = 0.96 + 0.90pH - 0.039(pH);. The concentraEi?n of organic acids
tA] lsgivenby [A] =K[CT]/(K+ [H']), withK= l0'"andCr=CDOC. C

is raken as I0 "Lql*gö 
( t2ö ,Ï;qlmrool c) by oliver et aI. ( 1983) f u,rt" varue8

between 5 and 10 ueq/ng C have been reported by several, mainly NorEh
American authors (Eshlernan & Ilemond I9B5). The value of 5.5 Pe9/mg C (66
peq/mmol C), which was found by Henriksen & Setp ( 1980) in Scotland and
Norway gave the best fit wiËh our results and was used Eherefore.

In Achterste Goorven DOC was not measured dlrectly. From the
measurements of DOC, KMnO, consumptlon and color, presenEed ln sect.lon
3.4.f, DOC was infqrred by sïmple regresslon models. The besE fit is glven
by: DOC (mo1 m ') = 423.1 + 13.41Kt'ÍnO/ (ng 1-t) (r = 0.71). For Achterste
Goorven the alkalinlty values deEermined ty rWaterleldingbedriJf l'Íidden-
Nederlandt are halved, because Èhese concentrations are based on tiÈraElons
wlth HCl down to pH = 4.4. It appears from Sectlon 3.4.1 Èhat only half of
the alkallnlty is due to blcarbonaEe. The other half consí.sts of weak
organlc acids.

For prectpitatlon the results of a speclal network of statlons
nearshore or close to the pools, running from January 1982 through December
1984 (II.F. van Dobben, pers. contr.), were used. The samples \{ere collected
ln ghe same \{ay as ln the Nattonal Precipitatlon Chenistry Network and
analysed by the National InsÈitute for Public Health (Anonynus 1983).
Organlc anlons were lnferred from DOC as described above. For Groot
Hasselsven the results of the sEaElon Eindhoven of the Natlonal
PreciplEatlon Chernistry Network were used (Anonymus 1983, 1985' A.J.
Frantzen, pers. cormt. ) .

The data from Table 17 are visualLzed in Flg. 22.
The preclpitatlon at all stations is rather simllar, although some

dlfferences are apparenE. ltre t,oÈal concentraElon of lons ls co 500

equivalent mmol m-J. Sulfate is the ngEt imporÈanE anlon. Ihe mlninal
concentraElon ls 98 equlvalent mmol m " near Kllplo, whlle the uaximum 1s

127 neat Groot Hasselsven^ Chloride is the next lmporEant anion, wlth a

mínimum of 64 nmol ,-' near GrooÈ Hasselsyen and a maximurn of 90 near
Kllp1o. NiErate ls present wlth c. 50 mmol n-' aE all statlons, whl1e
blcarbonate ls nearlY absent.

AÍrmqniwr ls the most í.mportanE gation, encompasslng the range of 87

mmol ;r (Kliplo) to 112 wnol m-'(Groot_{asselsven). T'he next important,
cation is sodium wlth a mlnlmum of 55 mmol m - near" Achterst,e Goorven and

Tongbersven-WesE and a maximum of 73 mmol m ' near Kliplo.aÏhe third
lnpórtant caÈl-on is hydrogen with a concentratlon of c. 35 umol m - at all
statlons. All the other catlons are of mlnor importance.

1'he preclpitation near Gerrltsfles ls intermedlate ln all resPect,s. In
all prectpltatlon samples chlorlde ls roughly balanced by sodlun, although
there Í.s an excess of c. 157" chloride. Sulfate is roughly balanced by

ammonlum, although sulphate exceeds awnoní.um by co 102. The excess of
chlorlde and sulphate over sodlum and ammonlum ls about equal to the
hydrogen-ion concent ratlon.

The composlEion of the moorland pool water ls much less unlform than
that of preclpltatlon water. From the data ln Table 17 ald Flg. 22 lt
appears thàt the chloride concentratlon varles from 217 nmol m - in the-Bool

"iitr 
the shorEest water renewal Ètne (Groot llasselsven) to 455 mmol m " ln

the pool wlth Èhe longest water renewal tine (Achterste Goorven). The

Achterste Goorven has the htghest total Lon concentratl.on (2124 equlvalent
n ot n-J), the Eotal ion concentrat.lons of the other pools are rat,her
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concentraElon Is proportlonal to the squre root of length of radlue of the circles (see ecale). Data aa tn Table 17.
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slmllar with 1036-1250 equivalenr mmol m-3.
Although sulphat.e is the rnost importanE anion in precipitatlon, it is

only Ehe mosÈ import,ant anion in Acht.erste Goorven and GrooÈ Hasselsven,
where chloride is the next imporEant anton. In the other pools the order of
t.hese two anlons is reversed. NiErate is nearlX absent in E.he pools, while
bicarbonate 1s found with some t.enths of mrnol *-' i., all pools buË Groot.
Hasselsven. Organic anions are lmportant in Kliplo and especially
Tongbersven-l,rlest, but never exceed 207" of. the t.otal lon concentratlon.

Sodlurn ls the mosE import.ant caEion in all five pools, followed by
anmonlum ln all pools but Kliplo and GrooÈ. Hasselsven, where magneslum and
calcium are more important. The highesE ammonlum concentraEions are in
Achterste Goorven. This order is different from clqE in preclpÍEat.ion.
Hydrogen lon is maxlmal in Groot Sasselsven (116 mmol m -), also lmporEaqt
in AchÈerste Goorven (44 mmol r-'), buÈ of mlnor import.anc" (S 16 mmol m-r)
in the ofher pools. Aluminium ls maxlmal ln AchtersEe Goqrven (6 equlvalent
mmol m "). Iron has Ít,s maxlmum (78 equlvalent mmol m') also ln AchtersE,e
Goorven, but compared to t,he oEher ions it is maxÍmal in Kliplo (5.47").

In table 17 Ehe hyporhetlcal concentrat.lon of the lons 1n each of the
pools is calculated when no chemlcal and blologlcal processes would take
place. The concentraEion of t,he lnert chloride Íon ls supposed Èo be equal
in the real and hypothetlcal case and the concenÈration of each of t.he ot,her
ions is calculated from preciplt.atlon by multiplylng the concentraEion ln
preciplÈatlon by the quotlent of the neasured chloride concenÈrat,lon in the
pool and the concentrat,lon of chloride 1n precipltatlon.

The processes which are responsible for Ehe differences between the
hypothetlcal and real concentratlons, especially sulphate reducEion,
nltrlfication, and denitrlficatlon, have been dlscussed aE length Ín Section
3.4.3 for Achterste Goorven, Gerritsfles and Kllplo. Reallzlng thaE the dry
deposition of SO, is abouË twlce as large as thaÈ of Èhe wet. deposltlon of
sulphate and also Ehe dry deposlt,ion of anrmonLa may be conslderable it ls
evident t,haE even in the Eost acld pool (GrooÈ llasselsven, pH c. 3.9) Èhese
processes are Lnportant.

The concentratLons of anrmoqiun in Groot llasselsven and Kliplo
(respectively 47 and 45 mnol m -) are_quch lower than in the other pools,
where anrmonium is hlgher than 100 mmol u '. This nlght be caused by the
activiÈy of aquatlc macrophytes. In Groot Hasselsven the flat bottom of the
shallow pool (ln sumner only a few declnetres deep) is covered wlth a Ehick
mat, of Drepanocladus fluit.ans, uhlch asslmllates ammonl-um and affected the
4mmonlum concenEratlons ln the experlments of Schuurkes et aI. (1986)
conslderably. In Kllplo a luxurlant vegetation of PoÈamogeton natans exlsts,
whlch ls probably responslble for Èhe low concentrations of both anrmonlum
and niÈrate. In the llterature concerned (Ferguson & Bollard 1969, Toet,z
1973, Schwoerbel & Tlllmanns 1972, 1974, Kopp et al. 1974, Roelofs et al.
1983, Schuurkes et al. 1986) no lnformatlon could be found about the forrn of
lnorganic nitrogen whlch is used by this species. In AchEerste Goorven,
where the bionass per square treEre of submerged aquatlc macrophytes probably
is mlnimal, the anrmonium concentration í-s maximal.

In all pools the concenEratlons of aluminium and sodLum are elevated
for Èhe reasons that have been explained ln Sectlon 3.4.3. Iron 1s elevated
ln all pools but Groot Hasselsven, probably because lt uay noÈ only be
dtssolved fron the bott,on of acldlfying water bodies, but also because lt is
associated wlth the presence of hurnlc subsÈances (Gjesstng 1976, I,Ietzel
1983). One would expecÈ elevated concentratlons of calcium and magneslum
Èoo, because of leachlng from the sedlment, but thts ls apparently
compensated for by the adsorptlon of dlvalent lons by peat mosses (Clymo &

Ilayward 1982), especLally tn C,errltsfles and K1ip1o.
In Sectlon 3.4.3 1t appeared that norphology and hydrology are key
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factors for understanding chemistry of Achterste Goorven, Gerritsfles, and
K1iplo. Ihis is also apparent from the data ln Table 17 and Flg. 22. The
composition of the preclpitaElon near Groot. Hasselsven, AchtersÈe Goorven,
and Tongbersven-West is very similar, nevertheless the chemical composition
of the water ln these pools is widely different. The composition of Ehe
\íater in Groot Hasselsven, wlth a very shallow botEom and probably a short
water renewal t,ime ls most. similar t.o that of Èhe precipitation. That, of
Achterste Goorven, wlÈh the longest water renewal time 1s most different
from rain water.

3.5 MACROPHYTES

AchEerste Goorven

The present macrophycic veget.ation of the lnterconnected basins, which
form together the tarn Achterste Goorven, is quite unlform. A belt of Myrlca
gale and Mollnia caerulea, wit.h a minlmum wldth of about one metre extends
to several tens of metres in narshy places and is lnundated during perlods
of htgh srater. This band separaEes the pool wlÈh its boggy margins from the
surrounding forests (Goor ls a reglonal name for a mlre ln which Myrica gale
is often one of the co-dominant shrubs). Sallx (aurita/clnerea group) is
often mlxed with l'lyrlca gale. The distributlon of aquatlc macrophytes which
were found in a survey ln Septenber 1984 is shown in Ftg. 23.

Nymphaea alba 1s the most conspicuous \.sater plant; although the total
coverage is less than one percent of the surface area of Ehe pool. Next
lnporEanE ls Juncus bulbosus, which occurs 1n loose patches Ehroughout the
pool, partlcularly near Èhe shores and ln the shallower eastern baslns.
After t,he extreme dry year 1976, when Èhe water leve1 $Ias very low in
suumer, the specles grew so luxurí.ant, thaÈ the reddish-green plants covered
the water surface like a sward. After 1979 J. bulbosus declined rapidly. The
abundance of fllanentous algae, whlch 6'rm a rnat on the botEom on many
places, lncreases frou west to east.

Sphagnun and Molinla caerulea often occur nearshore, the former species
never forning floatlng mats. Eriophorurn angustlfollun and Carex rostrat.a
locally form patches. Juncus effusus occurs here and there. Blgglg§lgIq
a1baandBatrachospe6,,-*aIe-rffi.,whi1eDrosera1nterned1aoEóGiffi
prace rn thË-Effiàffi. ïhe most western-Tffi i-s d-iiE;entlated from
the others by Ehe presence of Phragnlt,es australLs.

Thls very slmple zonation ls only an lmpoverlshed stage of former
vegetatlon pat,tern. Some of the earliest papers about the flora of fhe pool
(e.g. Ttrijsse L912, 1916, 1927, 1937, Bergmans 1926, Schulltng & ThlJsse
1928, Van de Griendt 1933, Koster 1942) speak ln general terms, wlthout
allowlng spaÈlal differentiatlon wlthln the pool. The present-day species
were already present, apart fron a serles of other ones. MosE striking were
a belt of Hyperlcun elodes, lnnedlately adJacent to the Myrica-zone and
dense submerged fields of varlous species of Utricularla, at least U. mlnor
and U. intermedia. Ttte prollflc growth of Sp\ag4gs species, sendlng their
long-sFrï-E6 Ehe open watàr, caused-ïElïE- terrestriallzatlon of the
pool (see also Heimans 1960). A rich mosalc of vegetatlon belonging to the
assoclaEions Rhynchosporion and the Eleocharltetum multlcaulls was Present.
Patches of Eriophorun angustifollun and Carex rostrata were present
regularly.

The development of Èhe vegetatlon ln the western basln
reconstrucÈed from descriptions and photos from several reports
1927, Geijskes 1929, Delnum 1936, Koster 1942). Tíhe Hyperlcum

can be
( ThtJsse
elodes-
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vegetation and the belt of Phragmites aust.ralis attained thelr opEimum here,
wiÈhina1uxuri-ant,zoneof@;-G_EE-openwaterNyuphaeaa1ba,
Myriophyllun sp. (l't. alqg1qTró-rum seeds were f ound in- rte seaimeni
àccoialngE DickmanTt @ polygonifolius, Hyperlcum
elodes and Carex rosErat.a were abundant. The atudG;-T Van Dijk et a'f_;.@, 

clas 
.@) 

and verhoeven & Bastiaanssen (1959) indicaEe that no
major changes had taken place slnce the interbellum, although they mengion
more specles, because of Ehe greater depth of t.heir lnvest.igatlons.
Myriophyllun ïías not observed, and Juncus bulbosus, PotamogeÈon natans and
utrlcularlasp.wererecordedassuppleme-nta§@es-E--EJp6-Eter,
with Carex laslocarpa and Eleocharis multicaulis occurring in nearshore
habiEaÈs. Several mosses, especially Sphagna (seCr. subsecundum) were also
abundant. In the small recess rn--tTG-north-weG?lÉFthe ourlet is
located, more eutraPhentic specles llke AIisma plant.ago-aquatica, Mentha
aquatlca and Lycopus europaeus were met

Kwakkestein (1977) sÈill noted Utricularia nlnor (ln small quantÍtles),
NymPhaea alba, Nuphar lutea and alsïEdEà-ïtga-Éàtrachospermum during an
excursion in L975. Eleocharis rnultlcaulis and -E@G--Edes 

"irttoccurred in 1976, buÈ - were noE-EEà- later--;;ïy-fr lam tgSr). The
vegetation at, Ehis staË1on is now ln a very lnpoverished condÍtion.

Van Dtjk et al. ( 1948) gave the ftrst account of the vegetatlon in the
central basin (II). Apart fron the still presently occurring Nynphaea alba,
Juncus bulbosus and Nuphar lutea (sparse), specles l1ke Potano-g-et.on natans,
@, §dl'rpus-flilcaqs and Ítricularia interffiffi r.rere p.-"*"i
rn tEe open w'ater (ttre rast sËG-was a@ (l9tà) from
this and/or the nexE basin). Molinea caerulea, lydrocotyle vulgarls,
HypeTlcyn elodes, C_arex rgstrata, rfeoctrarrsÏ,rftfcaufFana'--1'ptrag;G-ere
confined to nearshore habitats, forming a transftfon zoiE to a more
terrestrl,al area.with_Sphagna, Rhy{rchosp_ora +lba , Erlophorun angustifoliun,
Drosera1ntermedia,D.rotund1folÍaandVio1apatusffi

Hypericum ef99es, 
-Polanoge-ton 

polygor]lfolius _and Utricularla interrnedÍa
aisap@lË;ay during-E;- nexr-- decaae-(cras-E-En der voo &
Westhoff I959). Most of the other specles drastlcally declined or
disappeared completely during the last 25 years.

sanpllng statlon E is locared in basin rrr (Fig. 8). Ttrljsse (1916)
notes Ehat the eastern part of the pool looks rrought owlng to Scirpus
flultans and that the flowers of several Utricularia speeies give a paft

ffih hue to the pool in mldsunner. tn-I-p'ffi of 1927 hà wrires "ïhefarther we come to the east, the more prolificly the Sphagnuu grows. On some
sPots Polyt,rlchum humrnocks are domlnant. Flnally--tEe Sptragnutr grords so
densely, that it extends from shore to shore and the lffiEttes are
reachlng above the Peat Eosses with short stalks. Durlng Èhe 1ast. twenty
years this sectlon has been fllled up completely and already thousands oflong-leafed sundew planÈs are growlng here. The pool wtll be transformed
into a bog here in tlmerr (see also Schuiltng & Thljsse, l92g).

Accordlng to t,he observatLons of Van Dljk et aI. (1948) this process
dtd noÈ develop as predicted. There was sttll a conslderable area of open
water (see also Glas 1957 and Verhoeven & Bastlaanssen 1959). In the ,r.i",
Iynphaea alba was wldespread, whlle Potamogeton paÈans, P. polygonifolius,
carel- ro s ! rata, -Eleochar I s nul t I caul i s@ .ilg.rffi
locally rnportaffi was foGE-GffiorE.ffi sphagnera,
with Drosera lntermedfàF. Etffirotta and Rhynchospora 4b, "rorrg"Éother@ea-, es!ffiSE-the neaffi;ffid Èp, crose ro
st.at.lon E.

Kwakkestein ( I977) sril1
Recently, however, the well
tussocks of Sphagnurn growlng

.noted both-Drogera specles and Rhynchospora.
developed floating bog has been reduced to some
here and there, while Mollnla caerulea is very



-58-

Tebl€ lE

Preaence (X) of aqutlc and nearshore Mcrophytes ln Achterste Coorven (A,B,E 
=station À,B,E reBpectlvely), cerrltsfles, KtÍp1o, Tongbersven-llesÈ, and croot llas-

aelsven. R is lndlcator value for pH (I acldoblontic, 2 acldophllous, 3 clrcunneu-
Era1, 4 alkallphllous, - lndlfferent).

Pool
From 19..
To 19..

R Statlon

Acht, Goorven Ger. Kllplo
tz 12 12 7, 84 16 73 24 65
59 59 59 76 84 58 84 58 84
À B EABEÀBE

Tong. Hass .
57 76 57 82
57 84 57 84

Ilrepanocladug f lultans
Droaera lntermedla
Dr@ra iöïiiàïïEra
EIGEiTi.s-iïrtfEàifrs
l"íË";-5nfbru 

-
fr-ynchosï6ií-àïua
Sphagnm spec.

1s canlna
roaErata

Potamgèton polygonlf ollus
Potentllla pelu8trls
Sparganlm angustlf o1lw
UtrÍcularla nlnor
Vim--e-t*E-
Carex laalocerpa
Eiíin?Eii-neetrlf olrata
I{yrlophyllu alternlf lorw
PotaEoBeton natana
Sclrpus flultans
Utrlcularia lnterEedla
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x
x
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Eupatorlu cannablnm
LycopuB euroPaeus
LyslBachla wlgarls
Mentha aquElca
Sclrpus lacu8trla
@-eggu;.rEmi.

x
x
x
x
x
x
x

- Eleocharls Palu8tr18
- Glycerla fluitans
- Juncug artlculatus
- l,enm ,fm-
- n:-.pnu-lggg
- lllaphaea alba
- PhragEltes australls

Nuber of sPecles
Average R

x

22 16 20
r.9 r.6 1.8

x
x

x
x

25
2.5

f,

x
x
x

l8 20 15
1.8 1.6 r.6

Reference6:
Achterste Goowen: lhlJsse (1916'1927'1929'1937), Berguns (1926), Schulllng &

l1llj8se ( 1928), Koater ( 1942) ' Van DIJk, Sloff & HesEhoff ( 1948), Glas ( f957),
Verhoeven & Baatlaanagen (1959), Van der Voo & I'Iesthoff (1959)' Van DiJk & t'rest-
hoff ( 1960), Kwakkeateln ( 1977), van Dao ( 1983), verstegen ( 1985), G.l't. Dlrkee
(pers. com.), Hofnan & Janssèn (1986)' om record.
cÉrrltgfles: vuyck (1924), Roulln (1925), TtrtJsse (1926)' Sloff (t928)' Ulguan
( 1932), Van Oordt ( 1935, 1939), Schtmel & lÍirzer Bruljns ( 1952), Moller Plllot
( 1958) , van der voo ( 1973), Notenboon-Ran ( 1976) , Van de Beld ( 1978) ' ltlSler
(1979), van DaE et aI. (1983), J. HelMns (unpubl.)' G.M. Dlrkse (pers. com.), S.
van der lJerf (pers. com.), om record.
(1lplo: BelJerlnck (I924,192ó'I931't950), van oordt (1939)' Koster (1942)' Mörzer
BrulJne (1950), llartena (1954)' Rlngelberg (1956)' StaPelveld (1956)' Glas (1958)'
Ven der Voo (1965,1973,1975), Brouwer (1968)' Londo (I973)' Snlt (1976)' Coegel &

Sutt (1977), van Gljsen & Claaseen (1978), Buekene (1983), Goessens (1983)' G.J.
Baatleno (pers.com), G.H. Dtrkse (pere. cono.), om record.
Tongbersven-west: Glaa (I957)' BelJe (1976), Verschoor (I977), verstegen (1985)' C.

U. Dlrkse (pers. cou.), Hofun & Jansaen (1986), om record.
croot Hasselsven: Van Doneelaar (1957), Iven & Van Gercen (1974)' G.lt. Dlrkge
(pers. com.), om record.
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abundanÈ RhynchosPora alba occurs here and Ehere. A few spot.s wigh Drosera
inÈermedia are still Present. In Ehe open water the Potamogeton, Scirp"s,

Van DiSt etlIff-@-; and Glas (1957) also described the vegeEarlon of
Èhe small pools (bastns IV and V). Those pools are interconnected by
man-nade dltches and discharge inÈo the eastern basin. ïhe veget.aEion ln
earller days seems to have been very simllar t,o t.he recent vegetaËlon with
NyrnPhaea alba and Juncus bulbosus as the most prominent species. Along t.he
shores Sphagna were abundant (see also Thijsse 1916).

Ihe floristic records of the aquatic and nearshore macrophyÈes near the
sampllng stations A, B, and E (bastns r, rr, and rrr respectlvely) for the
perlods 1916-59, L975-76, and 1984 are enrered in Tabre 18. rn both lasÈ
periods Ehe differences beÈween t.he t,hree staElons \{ere so small that no
distlnctlon has been made in Ehe table. ïhe specles are ordered ln groups
according t.o their pH distribut.ions. The groups are slmilar to Èhose used in
diatorn ecology (.iustedE 1939). ïhe specles were assigned Eo each of these
groups using the references listed in Sectlon 2.5.

In total 37 specles were seen. Ttre species rlchness declined frorn 37 to
20 fron before 1960 to after 1970. Ihe average R (pH indication value)
varled from 2.5 near statlon A Èo 1.8 near statlon E before 1960. In t.he
Perlod 1976.84 -R ra" 1.6 throughout Ehe whole pool, which is indicative for
acldiflcaÈlon and florlstlc levelling. ïhe vanished specles are
characterlst.lc for meso-eutrophic, noE exÈremely acld waters (e.g.
MyrioPhyllun alternifloruE, Scirpus fluitans, Carex laslocarpa, Mentha
aquatica). Durlng the last decade flve specÍès disappeared (Drosera
rotyndlfolg, Elegcha_ris roulticaults, Hypericum elodes, Potamogeton ".a."",utricffinrffi
É-nGE; decl-tned taxa belong ro l

northwest-European f lora.

Gerrltsfles

cannot thrive well ln acidifted waters.
the rare and endangered specles of the

and J. bulbosus.

The present submerged vegetatlon was surveyed from a dinghy in
Septenber 1984 (Flg. 24). The nearshore vegetaElon was surveyed partially ln
L977 by Schroevers (1n Hlgler 1979 and Van Dam et al. 1983) and integrally
on a scale of I: 1000 tn 1978 by Van de Beld (1978).

The bottom of the open qrater ls nearly totally covered wlth a dense
layer of Sphagna. In some samples, taken at random we met only Sphagnuu
dentlculatum (syn. s. obesum, det. G.M. Dlrkse), but van de Beld-nd
EEEoevers (loc. cftf afso recorded S. cuspidatun in snall quantlties. The
latter author also mentlons Drepanocladus flultans.

Going from Ehe zone of t,he subnerged raosses to the shore the zonatlon
follows the general pattern:
1. Subnerged mosses, malnly Sphagna.
2. Submerged mosses and Juncus bulbosus.
3. Eleocharls palustrls @4. Optimal development of J. bulbosus.
5. J. effusus.
O. E?rffi angustifotluu.
rhls zonatí.on does not always develop conpletely, dependtng among other
thlngsr or the sIope. Ttrerefore, a dlverse mosalc of nearshore vegetatÍ.on,
whlch forms a belÈ of only a few to abouÈ f.tf.ty metres wldth, ls present.
After Èhe extreme drought of. 1976 Juncus bulbosus encroached the pool froro
the shores during several years, uut.El'e?-@ÏItrom about 1978 onwards.

At some places addltlonal species occur, llke Potentllla palustrls,
Eleocharis nulricaulls and sparganiun angustlfoliuE'EEre@ï,
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which is very rare in Ïhe Netherlands and other count,ries in NI{ Europe,
deserves some special att,enEion. Van de Beld ( 1978), whlch had no dinghy
availabler recorded the species from one place nearshore. In our survey we
saI^I the speci-es at several st.ations with some hundreds of poorly developed
infertlle plants in 25-50 cm deep rdat,er (Fig. 24). ïhe plants were very Elny
and slender and dlfficult to Ídentlfy. Mr. W.J. Holwerda and Dr. p. Baas
identlfied some of our speclmlna from morphologlcal and anatomlcal
characterlst.ics respect.ively. Our plants were very slnllar to Glycerla
fluitans and it is not inposslble that Ehe record.s of G. tfufra]ilE
Scfroevers (loc. cit. ) and Van de Beld ( 1978) acÈuIli ref er ro S.
angustifolium

Earlier records of plant specles are llsted in Table 18, together with
the recent records. The species menÈ.ioned before were already presenE in
earlier days, probably with exceptlon of Juncus effusus, whlch \ías present
in very smal1 quantiEies in 1950, bur mG--morE fnífuenr Ín 195g. Today ir
forms a belt of l-10 m wide along c. 30% of. the length of the shoreline. one
gets the Ímpression that. the abundance of Èhe submerged Sphagna dld increase
over the years, as open sandy places, which are hardly pEit now, occurred
in forrner t.lmes.

Thts iupresslon ls sErenght.ened by the observatlon that Lobella
dortmanna, a Littorellion specles, whlch grows exclusively on uarffi@
botÈoms' occurred until ca. L927 and not in later years. Another LlÈtorel-
lionspecles, DeschanPsla setacea, was not seen after 1951. Also Luronlum
natans was found on several places ln 1951, but has noÈ been seen faffiJnl
ffi6geton spec. (probably P. naÈans, because seeds are abundant ln the
sedlnent, B. van Geel pers. conm.) was observed tn 1951 for the last t,ime.
ScirPus fluitans was seen tn 1951 only. Glyceria fluttans, whlch was found
Ín sroall herds along the shores of the norffi-Efshoot in l95I and tt L977
seems to have decreased. As ruentloned before, it is not lmpossible Èhat this
species has been confused with Sparganium angustifollun by earlter authors.
The1atterspec1es1sdecreasrtoccurredmuchmore
abundant, and also fertlle (photo 5).

The decllne of species whlch are characterlstic for low alkalinlty
waters ls typlcal for acidlfylng moorland pools (Van Dam & Kooynan 1978,
Roelofs 1973).

K11plo

Ihe present submerged veget,ation ls donlnat.ed by Potamoget.on naÈans.
The floaElng leaves cover only about one or a few perGïEiffie surmEe
area' but the submerged stems wlth small leaves form a dense underwater
net,work. Only Ín Èhe northeastern and southeastern corner are sor1e places
without Èhls species (Flg. 17). Sphagna are present at some nearshore
habitats. The very rare Sparganiuro angusttfollum ls present wlth a few
tndividuals near the northeaFEffiE?e

On the sandy beach in the southeastern corner Juncus bulbosus,
Hydrocot,yleydrogoty_le vulgarlg and Erlophorum angustlfolium are
-peCies-Íorms tr small stand inEe eouthrffiil-Gner àr Èhe pool. Ttrenorthern shore is set off wlth a belt of Phragrnltes australls, whí-ch occursa1so1oca11yonthesouthernshore.potentfE-EGtffi.undeverywhere
along the \íestern and northern shore and Carex róstràta is also regularly
found along the shores. Furtherrnore, MenyantEFtrffiE ls present near
the small 

lill* menrioned above -r" "r* recorded durlng earrrer
lnvestigatlons and are listed in Table 18. Although few of the old reports
lnclude quant.ltative data, the observatlons seem to indicate that the

present. Ttre latter
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Flg.25. Tongbersven-IlesÈ, 20 SepteEber 1984. Outllne-Eap of vegetarlon. I = ErÍca-Mollnla, 2 = bog carr, 3 =
MyrÍca,4 = lagg zone, 5 = quiverlng bog, 6 = open water,7 - dlEch slth-da;;--6-;-rudloentary dltch.

abundance of Potamogeton natans increased over Ehe last decades, while
sparganiun anguffiliG-à-ecïGà- (phoro g, t0). This rendency is in
accordance with observat,ions by G.J. Baaljens (pers. corun.). Accordlng to
Beljerlnck ( 1926) and WarÈena ( 1954) also Utrlcularla mlnor was presenE in
largerquant'1t1tes.Ïh1sspec1es1snot@authorsandhas
been seen only in small quantiries ln recent years (G.J. BaalJens pers.
comm. ).

Acidiflcation ls not obvlous from changes of the vegetation and flora.

Tongbersven-I^les t

A sketch of the vegetatlon of thts small pool ls glven in Flg. 25. The
vegetaÈion is rather different from Èhe other lnvestlgated pools, because it
is fllled up with a qulverlng bog for a large parr.

fhe open water of the most western (largest basln) is partly colonized
by Ut,ricularia nlnor (Hofman &Janssen 1986). One of the first ploneers of
the t,errestrlal phase is Eleocharis multicaulls. In the qulvering bog around
and bet,ween the three patches of open water Mollnla caerulea, Sphagnr:m spp.,
RhynchggpgTa albg, 

. 
Drosera f gtundif olla, o:<ycoccuslàrusrrrslE-pnàiurn

angust,lfollum, Erlca tetrallx and Polytrlchum sp. are t.he uost itrporm
taxa. Drosera fntermeafa occurs tn smaFilGfiÉffies (Hofman &Janssen f gAO).

lEFnetrË]nfuetweent,hef1oattngbogandm1nera1sot1lsa1agg
zone wlth bare mud, Sphagnuro specles and Mollnia caerulea and, more rarely,
Utrlcularia nlnor. rspecrarry in the westeE-@t--Tffi effusus occurs.
@rows very close to the mineral solE-

In the wesÈernmost part of the bog ls a small area with shrubs of
Myrica gale. On the nlneral soll ln the easÈern and western tÍps snall lots
of carr occur wlEh Betula Pubescens as t,he predominant tree specles. Loeally
Pl-nus sylvgstrls occurs. In the understory Mollnia and Sphagnum are most
abundant. Ihere is also a very snall area wLth a wet heath vegètatlon of
Erica teEralix and MolinÍa caerulea (Flg. 25).

--ffi 
ana i@Elon were studled before by Glas (1957), Betje

(1976) and Verschoor (L977). The records are llsÈed 1n Table 18. Changes
over the last decades are of mlnor importance, although Nynphaea alba was
seen ln 1957 and 1975 and not in 1983. Potentllla palusrrlsPotent.llla palusÈrls and Menyanthes
rifollata occurred only 1n J957. Nuphar lutea lras recorded fn 1976 onl)r.trlfollata
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100 m
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t[g. 26

Groot EasseLsven, l7 Septenber 19g4. Outllne{ap ofvegetatlon. I = open uater wIEh Drepanoci.adusflultans, 2 = D, fluÍrans * Juncus _gg1grlr;T -!l
T * + jI Ëf frrsre + [orlnÍa caerutea- L -ptriàsnttes aulïraïGl-í- "u,pIGfi..Ëfri:' 

-

GrooE Hasselsven

The flat and shallor{ sandy botEom of the pool is covered with
mat of the moss Drepanocladus fluitans with some Juncus effusus
The vegetation or @ly changes inro ttre uETt
vegetat.ion, which rdas described in section 3.1.

Ïhe data collected by Van Donselaar (1957) are glven ln Table lg. Hefound Eleocharls- Palustris and some Juncus bulbosus and Carex rosErata atthesouffi ffi e.Eanolpanocladusf tultànGs-noGora"aEïg5-

3.6 Previous studles on microphytes

Acht,erste Goorven

As staÈed in the lntroduct.lon, Èhe desmids have been thoroughly studiedby Heiruans (1925, 1960) and Coesel et al. (1978). In rhe perÍod 1916-25 ll4
species were found, whereas 79 specles were observed in the years between
1950 and 1955. In boÈh perlods an assemblage of desmlds charàctertzlng the
ollgo-roesotrophic environment was present and many 1s1.g specles were wellrepresented. Helmans (1960) dld not assess the decrease of the number of
species as a slgniflcant one, because he studted much more sanples in1916-25 than he did ln 1950-55. coesel eÈ al. (1979), sanpllng rhe pool ln
1975 found only 28 specles, which lndicated oligorrophic àondtrtons. Rarespecles did not occur any longer. Ttrey attribuÈed these changes Èoacidiflcatlon by acldic atmospherlc deposlt,lon. Also the decline of the
submerged aquatlc macrophytes, an LmporÈant hablÈat for desmlds, may have
been attrlbuted to the lmpoverlshnent of the desmld flora.

. a dense
(Fig. 33).
of narshy

tows and moss
dlnoflagellate
hr:mlc araters,

dlatons ln two
L975. They found a

Koster ( 1960) studied Ehe algae frorn some plankton
squeezings, taken near our statlons A and B in l94g-53. The
Glenodlniopsis ullglnosa, which is characterlstlc for acld
poor ln lime, peaked occasionally at statlon B.

van der llerff (1960) made an lnventory of the dlatons in 4 planktonsamples, taken ln the perÍod L948'52. As the mean number of specles ln his
samples amounted only 14, his llsts are certalnly not exhaustive. Moreover,the relative abundance of the dlatoms was est,lnat,ed wÍth a very rough scale.Ihe only concluslon be drawn fron this cursory lnvestlgatÍon Ís that theAchÈerste Goorven was a hablÈat for dlatoms fron (not extremely) acid,vlrtually unpolluted waters.

Van Dau & Kooyrnan-van Blokland ( l97g) compared theplankton sauples' one towed in r9r9, the othàr one in
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serlous increase of the relative abundance of acidobionÈic species over this
period of 56 years, which they attributed to the acldification of wet and
dry depositlon. van Dam et al. (198I) studled rhe dlaroms again. They
investigaÈed the diatoms at Ehe stations A, B, and E, taklng one sample in
each of the years around 1920,1950 and 1978. Their conclusion was t,hat ln
l92O a clear pH gradient existed, going from E to A. ïhis gradienL persisted
until c. 1950 and was largely faded away ln 1978. Also Ehe dlversity
decllned over the last 60 years.

Gerritsfles

According to Tab1e I in lllgler ( 1979) the mlcroflora of the Gerritsfles
has been studied aÈ ten occasions at least between 1916 and 1978. Ttre
resulEs have been reported by Heimans and Van der l.Ierff ln Dresscher et al.
1952, Hlgler 1979 and Schroevers and Van Dau & Sinkeldam ln Van Dam eE al.
1983. Ttre diaÈoms were Ereated especlally by Van Dan et al. 1981.

Schroevers glves a clear accounE of the changes ln the non-diatonaceous
algae over a slxty-years perlod. Although the diversity of the rulcrophytes
decllned durlng this era, the pool is still a habltat for some rare and
interesting a1gae. The relative lmportance of blue-green and green algae has
increased over t,1me. Ihe desmld flora, however, severely impoverished. In
1918, 32 specles were presenÈ and in 1931, 1950, ar.d 1977 161 20, and 14
specÍes respectively. The typlcal Littorelllon specles dlsappeared, whlle
specles of more acid waÈers, rtch 1n mosses, increased. Already Heinans (ln
Dresscher et al. 1952) concluded acidiflcation of the pool from these
observatlons.

In the dlatons a two-fold developrnent was observed. A clear shlft from
clrcumneuÈral and acldophilous species (e.g. Eunotla bllunaris, E. inclsa,
Brachysira vitrea fo. lanceolata) to acidobióFspecies, partrffirry
Eunotla exÍ.gua, could be assessed. 0n the other hand, a number of specles
have appeared that are more or less lndlcative for a hlgher t.rophlc level
(e.g. Cocconels placentula, Meloslra varlans, Navlcula cryptocephala).

K1ip1o

Beijerinck ( 1924; gives the flrst account of algae and other mlcro-
organlsms from Kllplo. Ihts small publlcatlon preceded his rnagnum opus,
published 1n L926. Cursory reports were published by Quispel ( 1941),
BrantJes (L972), and Roelfs (1981). Dlatoms lrere studled by Van Darn et al.
(1981) and De Vrles (1982, 1984). Other algae, especlally desnÍds, rrere
studied by Wartena (1954), Smit (1976), Coesel & Sulr (L977), and Goessens
( 1983).

Goessens ( 1983) compared the numbers of desrnlds found by the several
auÈhors. Beljerlnck recorded 70 specles ln the early twenEí.es. After the
flrst lnvestigatlon, thls nurober gradually decreases: ln 1954, 58 specles
were met, in 1973 56 and ln 1980 stil1 only 48. Also the klnds of species
changed. The earllest and latest reports have only 28 species in corlmon.
According Eo Coesel & Snlt (1977) the changes ln the desmld assernblages
lndicate a Èransltlon from an ollgotrophlc to an ollgo-rnesotrophic state of
the poo1.

Van Dam et al. ( 1981) studied the diatoms from some sanples taken ln
1924 ar.d 1978 ln order to demonsErate acidlflcation. Both the pH spectra and
the floristlc composltlon indicated no apparenÈ acidlflcatlon. De Vrles
(1982, 1984) studied the dlatoms from plankton tows, taken on tlro places ln
the pool \íith about slx-week lntervals bet,ween August 1979 and August t980.
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Most abundant were Eunotia bilunaris, E. incisa, Frustulia rhomboides var.
saxonica, Tabellaria fl; lusaJ. quadriseptata, ErTGm-sibffia and
N. hoeTleai; lle could not ouserve inp-'ortanr aiGrences-ffiG two
statfons 6e locaÈed near Èhe sandy beach, the other near the island) and
Ehroughout hls period of observaÈlon. On the other hand, lmportang
dlfferences were found beEween diatom assemblages from dlfferent habltats
(e.g. plankton and emersed moss tussocks).

Tongbe rsven-We s t

A desmid sample from Ehe westernmost basin was srudled by Verschoor
(1977) and Coesel et al. (1978). They found Netrium diglrus, Cyltndrocystts
breblsonll and Tetmemorus laevls as dominant s!Ëies ËÈween peat mosse.s ana
EGaa;n'orct, wEG-E-stffi--5-ina1e var. gut;inskil, tÍicrasterlas rruncara
and Cosmarium cucurUiE were teGÏ6:non. Th='Eembiage is ctraracteristt
for@1ymesotroph1emoor1andpoo1s,wh1charerichl.npeat
mosses.

Groot Hasselsven

No daEa on mlcrophyte assemblages in the pasÈ are available.

3.7 DIATOMS

All the slldes studled are llsted in App. 18. All the Èaxa recorded,
wlth author names and acronyms of the names, which are used ln mosÈ of the
Tables, are llsted in App. 19.

As stat,ed in Sectlon 2.6 rnost diatom taxa were ldentifled wlth the keys
listed by Van Dam ( 1984). Recent nomenclatorial and taxononlcal changes
suggested by Kra "ner & Lange-Bertalot (1985) were followed.

To prevent confuslon the taxonomy and the nomenclature of some taxa
have to be explained here.

Some specles of the genus Ànomoeonels were Eransferred to Brachyslra by
Round & Mann ( 1981). The tnf ra@tEÏ,fExa were renamed uy noss ffirey
(1986), excludlng B. vitrea fo. lanceolata Van Dam (ln Dicknan et a1. 1987).
Thecorrect,name-f6ïE_1unarffi5erg)Grunowshou1dbeE.b11unar1s
(Ehrenberg) Nörpel (u. nE-rpffirs. "orr.). The infraspectfic E E.
lunaris var. capitata (Grunow) Schoenfelt and var. exclsa Grunow aE
provlslonally named E. bllunarls var. capltat,a and exclsa-respect,lvely in
Ehls report. EunotG @... meisÈe;I (ttustffirpel'was fornerly
known as E. roetffiTusG-t (u. ttorpeIffi. comm.). Eunotia glacialis
Meister lïcliffi-Tottr E. gracilts (ntrienuerg) nauentroEEd E-. vamt
IIustedt'(M.Nörpe1,pers.-cormffiva1vesfounddur1ngthepreseïTst"d-'
were origlnally ldentifled as E. valida.

The ldentlty of Eunotia r-homEofrea has been discussed at length by Van
Dam et al. (1981).-:ffi; -rmors postulate that this taxon is only an
asymmetrlcal forn of the concept of E. Èenella, as lllustrated and descrtbed
by Hust,edt (1932). However, recerÉ researctr by M. Nörpel (unpublished)
demonstrated that this concepÈ of Eunotla tenella does not cover Èheoriginal concept of thls taxon. ttrer@thffi-rnplex of both symrnetrlcal
and asymmeErlcal forms should be named E. rhomboidea llustedt. I have seenthe Eype materlal of Ehls specles Tn-TGffiven. It includes both
synmetrlcal and asyunetrlcal specl-mlna, whlch intergrade withouÈ any
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disconËlnuiÈy. Ïhe original concepE of E. t.enella applies to the coarsely
sEriated, E. exigua-forroed valves, as depicteT§ fetersen (1950). In the
counLs Ehe symmetrical and asymmetrical forms were separated.

Navicula leptostriata was descrlbed by Jórgensen ( 1948) from some acid
5.0-6.8) lakes in Denmark. After studying his type rnaterial I concluded
N. heimansii Van Dam et Kooyman (1982) ls a synonym of thls name.

diatorn assemblages fron different sÈatlons
Table 26. For the calculatlon of the values

The material of N. hoefleri Cholnoky was ln excellent agreement with
Figs. 30 and 3t in noss ETinsTlgTB).

Ihe name N. subtilissima Cleve may also have been used for
pseudosubtlliss-ima - llalfríír-whf ctr is Ínpossible to separate f rom
subtilissima without an elecEron microscope. The ecology of both species
verysimlTar (Germaln I9S2).

The results of the counts are presented in ful1 in the App. 20 to 26.
Ihe serial numbers in t,hese appendices refer to the slides studied, 1lsÈed
in App. 18. The taxa with a relatlve abundance of at least 4 valves ln one
slide are listed in the Tables 19 to 25, together wlt.h the number of valves
belonging to each of the classes of llustedtrs (1939) pH sysÈem in each
sample (SU,Í-ACIB, SUM-ACPH etc.) and the diatom-lnferred pll accordÍng to
Renberg & Ilellberg (1982) (PH-RENBE) and the weighted averaging method
described before. In the following the weighted-average pH (PII-I"IA) w111 be
discussed, if not especially mentioned. %PH-I.IA denotes the percenÈage of
valves count.ed that was used for the calculat,lon of PH-[IA. RESTACIB denotes
Lhe number of valves of acidobiontic taxa whlch were present with less than
four valves ln all samples from a sampllng statlon. RESTACPH etc. are
defined sinllarly. RESTNOPH refers to those Èaxa that, could not be classL-
fled in the pH system.

Ihe total number of t,axa (NRSPTOTA), number of taxa ln the count
(NRSPCOUN) and dominance (DOMINANCE) are used as dlverslty measures (Van Dam
1982). In ïable 26 the average relative abundance of the most lmportant
dlaton t,axa in three perlods is given, together ríit,h data on dlaton-lnferred
pH (PH-RENBE) and diversity measures.

AchÈerste Goorven

Statlon E was studled most intensively, because from this statÍon
several samples which ïíere taken before and after the exEremely dry year
1921 were avallable. In thls way it was possible to study the blological
effects of a drought tn the past.

The diatom assemblages from the three sanple statlons (Fig. 8) are
rather dlfferent, partlcularly durlng the years l9l9-29. AfEer 1953, Èhe
dlaton asseublages of the three statlons became more slmilar (Table 26). As
a whole the dlatom assemblages 1n Ëhe years f919-53 were typical for oligo-
to mesot,rophic, weakly Èo strongly acid pools. Specles l1ke Brachyslra
breblssonli, Cymbella gracills, Eunotia elegans, Peronla fibula and Navicula
leptosÈriata are rather cormon Í-n most of the old samples and are rare
elsewhere ln T'tre Netherlands and adjacent areas of Belgium and Germany.
Moreover, a number of other rare taxa of more accidental occurrence, e.g.
Anphora veneta var. capitata, C1mbella incerta, C. hebridlca, Eunotla
praerupta, Plnnularla nobills and Stauroneis anceps fo. gracllls were found.
Ihe followlng rare Eaxa were only seen before 1953: Arnphora thumensis, A.
veneta var. gglggqg., Cymbella cesatli, C. hebridica, I{avlcula fest,iva, N.
hassiàca, Pinnularia braunli (incl. var. anPhlcephala), P. heniPter? and P.
legumen. These taxa are characterlstic for sLightly acÍd to neuÈral water
wlth a low conductlvlty.

ïhe differences between the
and periods are best seen from

N.
N.'--
1S
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Írblc 19

ÀCHTERSTE GOORVEN Etation A. AII dlaton laÉ wlth a relatlve abundance of at
least 4 valves ln at Lea8t one saEple, pH tndlces (R), pH €pectra, dlaEon-
lnferred plt (PH-RENBE = according co Renberg 6 Hellberg (1982), PH-IJA = by
selghÈed aveEaglng, Z(PH-IJÀ) - percentage of valvea used for calculatlon of
PH-[IÀ) and dtverslÈy lndlce6. Klnd of suple: PE - perlphytoni PT = p.Lankton
tou. 0 = taxon preaent outalde the count, - - Eaxon not found.

YEAR t9 t9 29 52 51 78 79 80 80 81 8t 82 82 83 83 84
r{oNTtr 9 L2 I 6 8 ll ll 5 ll 5 ll 5 lI 5 tI 5
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in this table the Sphagnum squeeze samples from Table 21 and App. 22 have
not been included.

In the period l9l9-29 large differences beÈween Ehe statlons exisEed.
Statlon A was dominated by Achnanthes minutlssima, Cymbella microcephala and
Brachysira vitrea fo. lanceolat.a. Nitzschla perminuEa and Cymbella gracills
were subdominants. StaEion B was dominated by Navlcula leptostriata and
Fragilaria virescens, with Frustulia rhomboides var. saxonlca, Bresttlxilq
exilis fo. lanceolata and Nitzschia permlnuEa as oÈher lmPorEanE taxa. At
sr.drion tr rruEEffi-Eomboides-E. saxoiI-t Tabellaria quadriseptata,
Eunotia incrsa and NavicG leptostriàta-were-domffi-taiïI-frË ratter
ffi-a"Et'6Ilage is qGffirl"r to the present assenblage of K1iplo

rrbl. 20

ACRTEF.SIE GOORVEN sratlon,l. Ail dlaron raxa wlth a relatl.ve abundance of at least 4 valves
ln ar leaet one sample, ptl lndlces (R), pH Epectra, dlatoE-lnferred PH (PH-RENBE accordlng
Èo Renberg & ltellberg (1982), PH-l,|A = by welghted averaglng, Z(PH-[{À) = percentage of
valves .geà for calculatlon of PH-!IA) and dtverslty lndlces. Klnd of sa6ple: PT - plsnkton
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Tablc 2l

ACHTERSTE mORvEN statlon E. A1l dLatoo caxa Hlth e relatlve abundance of at lea6t 4 valves in aE leaat one sauple, ptt
lndlce§ (R), pH Gpectra, dlatoo loferred pH (PII--RENBE = accordlng to Renberg & Hellberg (1982), pH-tJA - by setghted averaglnS,
Z(PH-I{A) ' percentage of valves used for calculatÍon of PH-SA) and dlverslty Lndlcea. Klnd of sauple: BL - blobs, JB - Juncua
bulbo8us ePlPhytes, PT = plankton Èos, SQ = squeeze of coarse organlc mterlal. 0'taxon present outslde the count, - - taxon
not found.
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(Table 26), whlch ls a humlc pool. partlcularly
saxonica ls known as an indlcator of humic acid

Frustulla rhornboldes var.
wàffiesï'nabfTchrersre

Goorven was, at least
Present ly.

near station E, Eore humlc ln the past than tt Ís

In the perlod 1975-84 the sluilarity between the three statlons is muchgreater than in I9l9-29. Eunotla exigua, an acldoblontlc species, is the
domlnanÈ species on all the sffiT frÍ-rts abundance is largàr than thaÈof any of the dominanE specles sLxty years ago. The relative abundance of
Eunotla exigua Íncreases from staÈlon A to E. In contrast clrcumneutraldiatons llke Eunotla bllunarls_ and Fragllarla ví.rescens decrease fromstatlon A to E G.-Fe moffi pertodl-

The period 1n between, 1950-53, was lnvestlgated at the stations A andB. Ihe majorlÈy of Èhe species of the earllest perlod was sÈ111 present,
although the relaÈ1ve abundance of alkallphllous specles, like Nitzschia
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Achterste Goorven (station E).
PLE,- 27- changes ln the relatrve abundance of acldobronÈic dlatons rn

perminuta .ttg Cytbella mlcrocephala, r{as much lower Èhan in lglg-2g. The
same is true for-EiGieuEE-T;A-;uch as Aehnanrhes minurlssina andBrachysira exilis fo. lanceolata. specles whtchfEJ11ffic6miffi ."iàwaters, e.g. , Eunotia rhomboldea and especÍallyEunotia lncisa-E more;EGaanr in rffi:+r trr."ffi-zó.-parricularlyttrffiïteffi-ecres developed opriually in rhe interroedlaEe perlod.

Ihe dlatorlnferred pH (Table 26) within rhe perlod lglg-2g gradually
decllnes from 6.9 at staElon A, via 5.8 at statlon B to 4.9 at statÍon E. rn
L975-84 these values are 4.3, 4.1 and 4.1 respectively. The values durlngthe perlod 1950-53 at stations A and B are in bet,ween. Ihus the d.iaton-inferred pH has lts largest decline (1.6 unlts) aÈ staÈion A and itssmallest decllne at staEion E (0.8 unlt). These changes are statlsticallysigniflcant (Table 27). rhe pH gradient, whlch rras present sixty years agor
apparenÈly sÈ111 persists, although the extremes are closer toglth"r and thediatorn-lnferred pH lndlcates acidÍflcaÈlon at all sarnpling Jtatlons. Thepresent gradlent ls not deÈecEable by dlrect measuremenE of pH (SectÍon
3.4.3) .

The serles of samples Èaken aÈ statlon E between 1919 and 1928 includesthe extremely dry year 1921, when a large proportlon of the botton of the
pool was exposed Èo Ehe atmosphere (Section 3.3.2). In August lg1l, and also
August 1922, it was apparently inposslble for Helmans to collect the usual
plankton tow samples, as he collected "klodders" (blobs). The specles
composlt,lon of the diatoro assemblages as well as the dlatom-Ínferred pH were
not, essentially different before and afEer the dry year. After the dry year
1976 a considerable increase of @!i". exigua occurred (Table 2L, Flg. 27).

The result,s, presented ln tË TablesT, 20, and 2r, nainly refer to
plankton tow samples, but occaslonally epiphytic diatons frou Juncus
bulbosus, SPhagnum etc. have been studied. The differences between pfankton
tow sanples and other samples from the same perlod are negrtglble, if
Present at all. Also no indicatlons are found for seasonal changes by
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lnspect,lon of Tables 19, 20, and 21. Both Ehe variat.ion between subsE,rates
and the seasonal variatlon is less than Èhe variation between two plankEon
tow samples taken at station E on OcEober 21, 1922 (Table 21).

In toLal 151 dlatom Eaxa were observed at the three sÈaÈions A, B, and
E over the period 1919-84 (Table 28). Ttre species rlchness lowers from west
to easÈ as 109r 99, and 92 taxa were found at these staEions respectlvely.

Ïhe number of t.axa found aÈ each of the st.aEions durlng the perlods
l9l9-L929 and 1975-84 seems to be constant (65-76), but taking into account
Ehe comparatively small number of samples durlng Ehe earllesE period the
number of taxa has declined since (Table 28). ïhis agrees wtth t,he average
total number of speeies ln the sample and the number of species in the
count, whÍch declined significantly between these t.wo perlods. The dominance
increased signlficantly over the same range of time (Tables 27, 28).

ïhus over the last slxÈy years boÈh the dlversiEy within the wtrole pool
and t.he diversity at. each sampllng sEation decreased. The dlssinllarlty
between the three sample st.ations decreased too.

Gerrits fles

ïhe seven diatom samples, taken tn 1916 and t9t8 by Heimans (Table 22)
are from several localltles ln Ehe pool. UnforEunately the exact. poslElon of
most of his sanple statlons ls noE known. ïhe third sample 1n the table
(from Utricularia roinor?) was not t.aken in the open water, but ln the uarshy
area aE Ehe NII side of Èhe pool. Also the localities of the sampllng
staElons from 1950 untll 1974 could noE be t,raced. Ihe sanples taken ln
1964, 1965, and 1977 are from the cove on the SE side of the splt near the
permanenE sample sÈation (Ftg. 15). All samples fron 1978 onwards were taken
at the permanent sample station.

For the calculation of the mean relatlve abundances of the most
prominent diaEom Èaxa, the diverslty indices and diatom-Lnferred pH (Table
26) the sample from Aprll l97O (Table 22) was skipped, because lt ls
obviously contamlnated with dlaEoms from eutrophlc waters, e.g. Asterlonella
formosa, Fragilaria crotonensis and F. ulna. Thls sample was taken during an
excursion when dlfferent types of waÈer were investlgated (BranEjes 1972)
and left out of consideration for the calculatlon of the number of taxa
which rras found in Gerritsfles. The non-plankt,on tow sanples from 1977 ail,
1978 and also the flrst plankcon sanple of Novernber 1978 ln Table 22 were
skipped for the calculations of average values.

As a whole the diatom flora of C,errltsfles (Tables 22, 26, App. 23) is
typical for strongly to extremely acid ríaters. Taxa like Brachysira vltrea
andNavicu1asubti1iss1naarerathercoÍnmon1nthee1destffi
rareffierlandsandadjacent,areasofBe1g1rrmandGermany.
Besides, a number of other rare t,axa were present rather regularly tn the
eldest, samples and gradually decllned ln later years (Cymbella gracills,
{avlcula lgptostrlata, Neidlqu afflne var. longlceps and GlilnefEJnEís
fo. gra911is. Eunotla dÍ-odon, -8._ melsterll, Navlcula festivJ ana t'tl-c?.
variostriata were present before 196l with small quanEities, but have notmGd-.

ïhe dlfferences between the perlods 19t6-18, 1950-60, and 1964-84 are
best seen from Table 26. In the flrst perÍod Eunotia lnclsa and E. bÍlunarls
were dominant Èaxa, while Brachyslra vltrea f;E"*GC, E.-.horbotd".
( as 1,mme t rl cal and s ymne t riË-à1-m;t,-ffiu1 ta rEoïboïdE-va rl_saxonl ca and
Navlcula subttllsslma where subdomlnanffiEilE second period E.-Eï56idea
@Erlcal forns) and F. rhomboidàs var.-Jaxoffi-rer-iJ
dominant Eaxa, whlle E. Ínclsa was subdonlnaït. In thArnost rec&TlEod E.
exigua became dontnàït-E a mean relatlve abundance of 314 ,àtr"". rl
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rhonboides var. saxonica was the only subdomLnant Èaxon.-----E--diaron-Gfma pII (Table 26) decllnes signiftcanrly (Table 27)
fron 4.8 to 4.1 over the last 70 years.

The najor break ln the long-term developnent of the dlaton assemblages
ln the pool Gerrltsfles ls between 1960 and 1964 (TabLe 22). In that perlod
the consÈanÈIy low relative abundance of c. 20 valves of EunoEla exLgua
changed to a constantly hlgh relative abundance of c. 3t7 vaffitg:$
At the same tlme other t,axa (e.g. E. rhornboÍdes, E. incisa, Tabellarla
flocculosa) declined all of a sudden. Plnnularla microstauron developed
o[@in thls pertod of Eransltlon. napia rnspectlon -ïf " sample of
OcEober 1958 (leg. P. Leentvaar) conflrmed t,hese observatlons. Presurnably
these changes were induced by the extrenely dry summer of 1959 (Schuurmans
1977), when probably a large parÈ of Ehe botÈon of the pool fell dry. The
concomitant release of sulphate from the sedlment after reftllÍng
(Vangenechten et al. l98l, Van Dam et al. 1981) nay have lnduced the
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Plg.28. Changes ln sore chenlcal ParaEeters and relatlve abundance of acldoblonttc dlatons tn GerriÈsf1e8.

enormous lncrease of Eunot,la exlgua and the decrease of other species wÍth atime lag of a few years. As a natter of fact t,he pool of sulpirur cornpoundsin the sedlmenr probably was formed durlng decades of high wet and bydepositlon of atmospherlc sulphur.
ïhe results, presented in Tabte 22, malnly refer to plankton Èowsamples, but oecaslonally epiphytlc or boÈtom-dwelllng dtatàms have beenstudied. The Batra.chosPgrPum sample fron 1916 differs from other samples inlEs perlod E -E;-lEh-relative abundance of Eunorla bilunaris and theUtricularla mlnor? sample by its hlgh relarlve aEiG?-nce-T-Sne.ri;;i

ffinbotàea ànd rlnnularta appendtcutata. ïhls sanple was nortaken fron ihe ;pen r{aÈer b"t f rea at the NW sÍde,which falls frequently dry Ín summer. The botton sample is not dÍfferentfrom other samples wiEhin thÍs perlod. The Sphagnurn sarnples of November L977
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Trblc 23

KLIPL0. AII dlatoo caxa wlth a relaLtve abundance of at leasÈ 4 valves 1n at leasE one

saEple, pH lndices (R), pH spectrar dlatom-lnferred PIt (PII-RENBE = accordlng to RenbeEg

6 HeIIberg (I982), PH-WA = by wel8hted avera81n8, Z(PH-llA) = Percenrage of valves used
for calculaÈlon of PH-WA) and dlverslty Índlces. Kind of saoPle: PT - plankton Eow, SP -
sedlmentatlon plankton.0 = taxon presenÈ outslde Che count, - = taxon noÈ found.
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and AugusE L978 and t,he epipsammon Eaterial from Novenber 1978 are not
essentially different from other samples from the same Perlod, but the
botEom sample of November 1977 is differentiated by relatlvely high
proportions of €.g. E. rhornboidea and E. incisa. The plankÈon tow sanPles of
November 1978 are fron different places in the pool, but Eheir comPositlon
is very sirnllar.

In total 94 diaton taxa \íere observed over the period 1916-84 (Table
28). In 1916-18 63 taxa were seen in 7 sarnplesr ln 1950-60 43 taxa 1n 4

samples and in 1964-84 62 taxa tn 21 samples. If we take lnto account the
relàtively large number of samples from the lasE 20 years, there seems to be
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Noviculo hoefleri
Tobellorio quodriseptoto

Frustulio rhomboides
var. soxonico

Eunotio exiguo

lLg. 79. Changes of pH and relative abundance of acldobiontlc dlatms ln Kllpl.o.
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a constant decrease of the specles rlchnessr àt least since 1960. ïhe
changes ln the mean total nrunber of Èaxa per sample (Table 26) have the samepattern: constantLy 23-24 taxa per sample before 1960 and only lz in themost recent Perlod. The satre l-s true for Èhe mean number of Èaxa in thecount. The domlnance has a reverse pattern. As a whole the diversity ofdlatom taxa ln Gerritsfles ln the perlod 1964-84 is slgnlficantly lower thanbefore (Table 27).

K11plo

The exact location of the sanples taken rt 1929, I94g, 1964, and LgTo(Tab1e 23) ls unknown. Ttre sample from 1924 was taken near the northernshore, the sample from 1958 at the NE shore, the sampres fron 1962, Lg72,and 1978 (serlal number L2) at Èhe eastern shore, the sample of. 1972 (serlal
number 11) at the western shore, the sampres fron 1979.nà tggo at Èhe NI,Ishore (near the snall tsland). All samples fron 1981 onwards were taken atthe permanent sampling station at the western side of the pool (Flg. 17).For the calculation of the mean relative abundanàes of the most



- 76 -

prominent diatom taxa, total number of taxa, diversity indlces and
diatom-inferred pH (Table 26) the sample from April l97o (Table 23) \{as
skipped, because it is obviously contamlnaEed wlth diatoms from eut,rophlc
hlatersr e.g. Ast.erionella formosa, Diatoma elongatum. Melosira 1taIlca-group
and Stephanodisus rotula-group. This sample was taken durlng an excursion
when different. types of water were sampled (Brantjes 1972). Itris sample uras
also left ouE of consideration for Èhe calculation of the number of Eaxa
which was found in Kliplo. ïhe firsE sample of July 1972 was skipped for the
calculatlons of average values.

As a whole the diatom flora of Kliplo (Tables 23, 26, App. 24) is
typical for moderaEely acid, oligo-mesotrophlc waters. Taxa llke Navtcula
lept,ostriat,a, N. hoefleri and N. subtlllssima are rather courmon in mosT=E
the samples and are rare elsewhere ln Ihe Netherlands and adjacent areas of
Belgiun and Germany. Besides, a number of other rare taxa \{ere present,
raÈher regularly or occasionally over t.he study perlod of slxt.y years:
Brachysira serians, Cytbella gracilis, Eunotla polydentula, E. praerupta and
Stauroneis anceps fo. gracllis.

The differences between Ehe perlods L924-20, L948-64 and 1972-84 are
best seen from Table 26. These dÍfferences are far less obvlous t,han in
Achtertse Goorven and C,errltsfles and the period 1948-84 has been spllt up
in a raEher arbiE,rary way. In the flrsc period Tabellarla flocculosa was the
dominant species. Other abundant, taxa were Frustulla rhonboldes var.
saxonica, Navicula subtlllssima, N. leptostrtE[à]-ffiotG- tnFa--and E.
bilunaris. In the second perlod Brachyslra vltrea fo. lanceolata, wiEh F.
monb=oIAes var. sa;onica, r. @narlslTl--fi6ccu1osa, il
iltostrrata and llT[ffiE grà-ctlGlf-s ottrer rmportant t.E. - rn ttre rast
period F. rhomboides var. saxonLca domlnated the assemblages, while N.
subtilis-si-ma, N. leptostriata, E. rhomboidea (asyrnmetrlcal f orms), E.
incí.sa, E. bllunaris and T. flocculosa were other abundant, specles.

Ttre diatom-inferred pH (Tab1e 26) changed slgnÍficantly (Table 27) from
5.0 via 5.5 to 4.7 over the last 60 years.

In contrast, to the pools GerriÈsfles and Achterste Goorven no
signlflcant changes are found after the extremely dry year L976 (Table 23,
Fig. 29).

Although the sedlmentation plankton sample from August 1962 has a
fairly high proportlon of Eunotla lncisa lt ls otherwí.se very slmilar to Ehe
plankÈon tow samples.

Excluslve of the sample of June 1970 (see above) in Eotal 97 dtatom
taxa were found in K1lplo over the perlod 1924-84. In 1924-29 45 taxa were
seen ln 2 samples, ln 1948-64 52 Èaxa ln 4 sanples ar.d, 1972-84 75 taxa ln 1l
samples (Table 28). Iloweverr af, lncrease of specles rlchness cannot be
assessed, because of the comparatlvely large numbers of sanples Ín the most
recent perlod. The mean Èotal nunber of taxa per sample and the mean number
of Èaxa ln the count are relaÈively consÈanE with co 29 and 18 taxa
respectively (Table 26). In contrast, Èhe doulnance dld lncrease from 106,
via 125 to 146 over t,he last 60 years (Table 26)r lndlcating a decrease of
the diversity of the dlatom assemblages.

Tongbersven-I{es t

From Èíay 1983 unt11 May 1984 dlatom samples were taken with lntervals
of three monEhs aÈ a staEion in the eastern basln (Fi8. 18B). Fteld
cherdstry daÈa, collected slmultaneously wiÈh dlatom sanpllng are glven ln
;pp.27. Unfortunately, for technlcal reasonsr lt was not possible to sample
in Ehe central basln, where samples for chemlcal analysls in the laboraÈory
were taken. Apart from the serles from the easEern basin ln February 1984 a
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TONGBERSVEN-IIEST. Al-I dlatoil taÉ wlth a rela-
Èlve abundance of aÈ leasÈ 4 valves ln at least
one saople, pH lndlces (R), pH epectra, dlaton
loferred-pH (PH-RINBE - accordÍng to Renberg &

Itellberg (1982), Pn-UA - by uetghted avera8lng,
U(PH-IiÀ) - percenlage of valves used for cal-
culatlon of PH-WA) and dlverslty indlces. Klnd
of eanple: PT = plankton toH, SS = Sphagnu
squeeze. First two saople6 are froE oestern
baaln, oChers from eastern basln. 0 - taxon
present outElde the count, - - taxon not found.
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sauple was taken 1n Ehe h/est,ern basln, from
whlch a sample from 1919, t,aken by lleimans,
eras available (Flg. 18B).

The sample from the western basin
whlch rdas taken in 1984 and the Sphagnuro
squeeze sample from the eastern basin
( Table 24) r^rere omitted f rom t.he
calculation of
Table 26.

As a whole the diatom flora of
Tongbersven-trIest (Tables 24, 26, App. 25)
is characterisÈic for humic acid sraters.
The mosE abundant taxa (EunoEla exigua , E.
bilunarls and Frustulla rhomboides var.
saxonic%t are --EEIEi- coÍnnon in The
Netherlands and adjacent areas of Belgium
and Germany, but a number of rare taxa are
presenË, raÈher regularlyr e.g. Brachysira
breblssonii, Cymbella grac111s, Navicula
hoeflert). In the sanple fron the western
basln, taken ln 1984, even an extrenely
rare specles (Neidlum alpinun) 1s present.

rabl. 25

GROOT HASSELSVEN. AII dlatoE caxa
sIÈh a relatlve abundance of at
1ea5c 4 valves lf, aÈ least one
saEple, pH lndlces (R), pH spec-
tra, dlaÈoE-inferred pl{ (PH-RENBE

= accordÍng io Reoberg E Hellberg
(1982), PH-tlA = by selghted ave-
raglng, Z(PH-IJÀ) = percenta8e of
valves used for calculaElon of
PH-IIÀ) and dlverslty lndlces.
Kind of saople: PT - plankton
tov, SQ - Bqueeze of Juncue bul-
b(ru and Sphagnu0. 0 - taxon
presenl outglde the counÈ, - =
taxon dot found.
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Teblc 26

Average relatÍve abundance of dlaton Èaxa vlth a mean relaÈlve abundance of at least four valves In aÈ lea8c
one eaopllng period Ín Achterste Goorven, G€rrltsfles, Kltplo, Tongbersven-West and Groot Hasselsven,
pll Bpectra, dlaton-lnferred pH and dlverslEy lndlces. From (19..) - to (19..) tndÍcates pertod of sanpllng. 0 -
taxon Present ouÈ8lde the count, - = taxon noÈ found.
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AcÍdoblontlc taxa (subtocale)

BrachyBlra breblssonlÍ
B. breblssonlÍ f. thernalÍs
íypuETIE-EErrte
EunoÈla elegans
E.lnclsa
il lElnaf re var. nÍnor
E. pect. var. mlnor f. Lnpressa
E. rhonboides (a8ymetrtcal forn8)
E. ;irooËIG; (Bymetrlcal foroÉ)
Navlcula leptosÈrlata
N. [edlocrl8
re-r6ïG-rrtura
Plnnularla appendiculata
P. lrrorale
ítauroneie ancepe fo. gracllls
Tabellarla flocculoaa
;6ers

Acldophlloue taxa (subtotals)
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tracfrt;f ra a* --". l"lgggElg
Eunotla bllunarie
liFarI-a vtregcene
Nltzschla gracllls
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Teblc 27

Achterste Goorven sÈatlons A, B, E, C€rrlEsfles, and Kllplo. TUo-
talled stgntflcancy levels of lJilcoxon tuo-sanple tests applled ro
Renberg-lnferred plt (pH-RENBE), toÈa1 nwber of Eaxa (NRSPTOTA),
nuber of taxa In counr (NRSPCOUN) and donlnance (DOI{INANC)
beÈueen dlfferent perlods; - = to few sauples for test, n.s. = not
slgn1f1cant.

Perlod I
Perlod 2

t9t6-29
1948-64

L9 r6-29
l 964-84

1948-64
1964-84

Acht. Goorven A

AchE. Goorven B

Acht. Goorven E

Gerrltsfles

KlÍplo

pll-RENBE
NRSPTOTA

NRSPTOTA

DOU1NANC
pH-RENBE <0.05
NRSPTOTÀ n.s.
NRSPCOUN n. s.
DOMINANC n.s.
pH-RENBE
NRSPTOTA

NRSPCOUN

DOI'ÍINANC
pll-RENBE n. s.
NRSPToTÀ n.s.
NRSPCOUN n.s.
DOMINANC n.s.
PIT-RENBE
NRSPTOTA

NRSPCOUN -
DOI{INANC

<0.0 I
0.02
n.6.
n.s.

<0.002
<0.0 I
<0.002
<0 .00 2
<0.002
<0 .01
<0 .002
<0.002
<0 .00 I
<0.0 I
<0.00 I
aa.:,

<0.6r
n.s.

<0.01
<0.0 r

<0.àr
<0.0 r

<0.00 r
<0.01
<0.00 2
n.s.
n.s.
n.s.

fablc 2E

Nuber of taxa and nmber of eamples per perlod.

Statlon Perlod Stat lon Perlod
Nuber Nmber
of taxa of sanples

Nuber Nunber
of Èaxa of sauples

A. Goorven
A (AGA)

A. Goorven
B (AcB)

A. Goorven
E (AGE)

Gerrlteflee
( cER)

t919-29
1952-s3
1978-84
I9 r9-84

1925-29
I950-53
197 5-84
t925-84

19 r9-28
t97 5-84
r 9 l9-84

1916-18
I 950-60
t964-84
19I6-84

72
76
70

109

75
54
7L
99

65
22
92

45
52
75
97

59

34

r09
89

r03
I5I

3
2

II
l6

5
3

t2
20

Klr.p1o (KLI)

Tongbe rsveÍFI{est

GrooÈ llaBselsven

AGA+AGB+AGE

AGA+AGN+AGE
{4ER+KII

t924-29
I948-64
197 Z-84
r9r9-84

1983-84

r983-84

t9 r9-29
r950-53
197 5-84
I9 t9-84

I9 l6-29
r948-64
1964-84
r9l6-84

2

4
tl
I6

5

5

20
5

40
65

63
43
62
94

t2
t7
29

1

4
2T

34

r36
III
149
201

29
l3
73

u4

Ïhe dlfferences between the specles composit.lon of the old and therecent sanPle from the western basin are large. As an example Eunotla
naegelil (a rare specles ln western Europe) was very common in th;.E
sample and was not found agaln 1n 1984. Neidluro alplnuu rías absent in 1919,
but cornmon 1n 1984

rhe dlarom-lnferred pH (Table 24) changed fron 4.4 to 4.6 at thtsstation. In the eastern basl-n the mean dlatom-lnferred pH Ín 1983-84 was4.4. Ihe spatÍal variatlon of diatom assemblage composltion ln this pool is
uniqueo

The SPhagnurn squeeze sample fron the eastern basln 1s dlfferent.latedfron the plankton tow samples by the high proportlon (158 valves) of Eunotla
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paludosa, an aerophilous species, alEhough this t.axon is also present in
lower quanEiÈies in Ehe plankton t.ow samples.

In toEal 75 diatom Èaxa were found in Tongbersven-WesE over the period
I9l9-84. Only 3 taxa were exclusively found 1n 1919, 59 taxa lrere seen aÈ

t,he statton 1n Ehe eastern basin in 1983-84 (Table 28). The t.otal number of
taxa and the number of taxa at the western staEion increased from 27 to 37
and 19 to 29 respectlvely from l9l9 Eo 1984. The mean total number of taxa
(27) and mean number of taxa ln the count (18) at the eastern sEatlon is
about Èhe same as in the humlc pool K1iplo (Table 26), as is the domlnance.

It uray be concluded that Ehe pH in this pool probably lncreased over
the last six decades, wiEh a concomitant increase of dlversity.

GrooE Ilasselsven

All sarnples were t.aken at the permanenÈ saropllng statlon at the
souÈhern slde of thls pool in 1983-84. As sanples for elaborate chenlcal
analysis (App. 17) were usually taken a few days earller or later than Èhe

dlat,om samples, fleld chemical data, gathered simultaneously with diatom
sanpllng are glven in App. 27.

ïhe dlatom flora of Groot Hasselsven (Tables 25, 26, APP. 26) is
characteristlc for extremely acid waÈers, with a mean relaÈive abundance of
Eunotia exlgua of 379 valves. Rare taxa (e.g. Brachyslra specles, NeÍ.dluq
EEnse.strf 'atum, Navicula lepÈostriata, NiEzschia permlnuta) were f ound
occaslona1ly.

The Sphagnum squeeze sample differs from the plankton t,ow sanple by
relatively hlgh abundance of Frustulia rhomboldes var. saxonica
Pinnularla mlcrostauron, although j.t C possibLe Èhat these dtfffiG
notffiE[ar-; in habitat, but by variatlon 1n tLme.

In total 34 taxa were found in Groot Hasselsven (Table 28), which
number nust be considered to be very low. Also the mean total nurnber of taxa
(Il) and mean ntrnber of Eaxa ln the count (4) is very low (Table 26). Ihe
dominance ls very high wlEh 379 valves.

Although no old samples are avallable for comparison, thls pool has
probably been acldifted strongly during the last decades.

the
and
are
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4 SYNOPSIS

In the previous chapter the various aspecÈs of the studled pools were
descrlbed and brlefly dlscussed. It is attempted in this chapter to give an
integrative survey of Èhe results and Eo ansvrer the questlons of Ehe
introductlon.

In the beglnnlng of the l9th century all pools were situated in an open
landscape of heaEhlands and/or aeolian drift sand dunes. The surroundings of
Achterste Goorven lrere planEed with Scots plnes around 1840. Ihe
surroundings of Kllplo and Tongbersven-West were turned into Scots pine
planÈations in the first decades of Ehis century. The forest west of Kllplo
was cut ln c. 1965. GrooE Hasselsven and Gerritsfles are stlll 1n an open
landscape, although spontaneous regrowth of pines, blrehes and wÍllows
occurs along t,he southwestern shores of the lat,ter pool since 1920.

AE the western side the Achterste Goorven ls separated from VoorsEe
Goorven by a narrow dam, probably constructed tn the second half of the lgth
century. Before the dam was constructed, the wesEernmosE pool of Achterste
Goorven ÍIas lnfluenced by the wat,er of VoorsEe Goorven, which was enrlched
with nutrients by huraan actlvitles. Gerrltsfles and Kllp1o always have been
isolated pools, but were a parE of t,he Eradlttonal agricultural system of
the heathland areas and were used untll the first half of Èhls century for
washing of sheep. Also sheep regularly drank from these pools. Both pools
were used as bathlng places for local people and tourists untÍl the late
slxt,les of this century. As far as ls known, Groot Hasselsven and
Tongbersven-West were not used by people during Ehe last hundred years.
Groot Hasselsven harboured a colony of black headed gulls until 1970.

Bathynetrlc maps of Acht.erste Goorven, C,errltsfles, Kliplo and
Tongbersven-west are presented in Flgs. 8, 15, 17, and 18 respectively.
rhese maps are summarized as depth-area curves ln Fig. 12. other
norphological features are tabulated ln Table 4. The average depth (Z) of
Kliplo is 0.82 m and the maximum depth (z_-__) 1.14 m. The ratio z/z =
0.72 and indicates thaÈ Ehe boÈtom-is veffi*il.t. The bottom of the poBÍ*t."
the form of a soup plate. Consequently 1n extremely dry years like 1921,
1959 and 1976 only c. 2O7" of the botton surface is exposed to the
atmosphere. In Achterste Goorver- Z/r^^- = 0.621 1.85 = 0.34 and ln extrernely
dry years co 757" of the bot.ton*§urface ls exposed to the atmosphere.
Gerritsfles ls lnternediate wlth à/r^o* = 0.68/1.24 = 0.54. Ihe water depth
of Tongbersven-West could not, be asöë§sed properly, because of the preserve
of a qulvering bog over c. 7o7" of the poolts area. probably the depth
distribution w111 be ln between those of Gerrltsfles and KlÍplo. The depÈh
distrlbuÈlon of Groot Hasselsven rras not mapped, buÈ the pool ls only a few
decimetres deep. ConsequenÈly already ln the not extrenely dry summer of
1983 a considerable part of the botton drled up.

IÈ is known from other investlgatlons that Gerrltsfles, Kliplo,
Tongbersven-West, and GrooÈ llasselsven are seepage pools, 1.e. they have
perched water tables and are lsolated by an í.npervlous layer from the maln
aquifer. The catchment area of these pools is hardly larger than their
surface area. A slnple hydrological model rías developed to predict the
concentratlon of t.he lnert chlorlde Lon from í.ts concentratlon in the
preclpltat,ion, the annual water evaporaÈlon excess, the fluctuatlons of the
water table and Èhe volume and area distrlbutlons of the pool (Table 7). The
predlcÈlons of the nodel are ln good agreenent wlth the observed chlorlde
concentrat,lons. Also for Achterste Goorven Èhe predlcted chlorlde
concentratlon ls in accordance wí-th the measured va1ue, so l-t ls concelvable
that this pool has a perched water table too.

Water renewal times, as calculated wlth the hydrologlcal nodel are co
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5.4, 3.8, 3.0, and 1.8 years for Achterste Goorven, K1ip1o, Gerrit,sfles and
Tongbersven-West respectively. The v/aEer renewal Eime of Groot Hasselsven is
probably bet.ween one and Euro years. Theref ore, Acht.erste Goorven will
recover mosE slowly from disÈurbances like the drought of 1976.

Long-term changes in Ehe measured pH can be read from Table 12. At Èhe
four staÈions where pH measurements were made ln the period t9t9-30 the pH
dropped slgnlficantly from t.hls perlod Eo 1978-85. AIso slgniflcant are the
differences between Ehe periods 1919-30 and 1950-60 in Gerrlt.sfles and
1919-30 and 1970-76 ír Kliplo. The pH drop is largest in Achterste Goorven
(2.1 and 1.8 uniËs at staElons B and E respectively) and smallest in Kllplo
(0.8 unlt). Gerrltsfles is intermediate wlÈh a decline of 1.2 unlts. The
earllest measuremenÈs are between 5.4 and 6.5 in Ehe t.hree pools. ïhe recenE
lneasurement,s have a medÍan of 5.2 1n Kllplo and c. 4.0 ln the other Èuro
pools.

Other chemÍcal parameÈers than pH were measured more rarely ln the
PasÈ. At Achterste Goorven statlon B sulphate lncreased from 208 to 458
equivalent mmol m ' from 1919 tq 1975, while concentratlons ln the range of
729 to 1645 equLvalent mmol m'r.rere found at. this st.atí.on from 1979-85. In
the early sanple amrnonlum had a lower and alkallnlty had a htgher value than
the more recent samples. Table t3 sunmarlzes the observatlons of some
selected chemlcal parameters from Gerritsfles. The pH as measured in the
fleld declines slgnlficantly from 1928 to 1985, but the pH as measured tn
the laboraEory seems to be fairly stable. The chlorlde concentratlon drops
slgnlflcantly from 1925 to 1985. No long-term changes are apparent ln
ammonium and sulphate. The peaks of sulphaÈe ln 1960 and 1977-78 w111 be
dl-scussed below.

Chernlstry of Achterste Goorven and Gerritsfles was uonitored from
August L979 through February 1985. ïhe program ln Kliplo started ln May
1981. In Tongbersven-West and GrooÈ Hasselsven observations were done from
Aprl1 1983 through March 1985. TLrus over the last period a parallel program
ïías run ln all pools. The average charge balances of pool water and incldent
rain over Ehls period are given ln Table 17 and FLg. 22.

The composltion of the preclpitatlon is rather simllar eq all sites.
ltre toÈal concenEratlon of lons ls c. 500 equivalent"mmol m -. Sulphate 1s
t.he nost inporÈant anion (c."98-127 equivalent rmol , -), roughly" balanced
by ammonlum (87-112 ronol rn -). C[lorlde ranges from 64-90 mmol m -, roughly
balanced by sodlum (55-73 mmol m -). Nltrate has a concentration of c. 50
rnmol m ' aE all sites.

The composltion of the water ln Ehe pools is much less uniform.
Sulphate and chloride are the _qost import.ant anlons. Ttre chlorlde
concenlration varles from 217 mnot m - in the_pool with the shortest water
renewal tine (Groot Hasselsven) to 455 nmol m - ln Èhe pool wlth the longesE
Ítater renewal tlme (Achterste Goorven). NltraEe and blcarbonate are nearly
absent, whlle organlc anions are fuoportant, partlcularly in Kl1plo and
Tongbersven-West. Sodlum is the most lmportanÈ catí.on ln all pools, followed
by ammonlum ln all pools except Kltplo and GrooE Hasselsven, where the
divalent catlons are more imporÈant. Iron and alumlnlum are elevated,
partlcularly ln Achterste Goorven.

fhe dlsslnilaritles between the composltion of preclpltation and
surface water may be caused by sulphate reducÈion, sulphlde oxldatlon,
nltriflcaEion, denltrlflcatÍon and upÈake of nutrlents by aquatlc
macrophyÈes. Ammonlum can be taken up by mosses or it can be nitrlficat,ed,
subsequently nltrate can be denitrlfied. Both pathways are responslble for
Ehe release of one mole of protons for each mole of ammonLr.rm (decrease of
alkaltnlty of one mole). Probably Èhe mosÈ lmportanÈ processes .are those of
the sulphur cycle. Large quantltles of the total (wet + dry) \eposltlon of
sulphate are reduced. ïhe reduction of each mole of sulphate does increase
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alkalinity by two moles and thus counEeracts Ehe acidification. The reduced
sulphur compounds are stored ln Ehe sediment and reoxldized when the bottom
ls exposed to the atmosphere in very dry years. Thus t.he lowest sulphate
concentraEions are expected in KlÍp1o, where in extremely dry years only a
mlnor fract,ion of the bot.Èom falls dry. On the other hand, Achterste Goorven
and Groot Hasselsven ought to have Èhe largest sulphat.e concentratÍ-ons,
because ln dry years nore than 50 percent of the boEtom ls aerated.
Gerritsfles would be intermediate. Ihis ls exactly what was observed (Table
17).

Changes of select.ed chemical parameters in Achterste Goorven,
Gerritsfles and Kliplo bet,ween L975 and 1985 are ploEted in Fig. 21. In
Kliplo changes are relatively sma11. Sulphate and other parameters
associat,ed wlth acidification (e.g. alumlnium and calclum) have been
constantly low throughout the period of observaÈion. No precipttatlon of
humic and fulvlc acids is occurring and the pool is permanently coJ-oured,
although the colour has been decreaslng during the last years. ïhe peak 1n
chloride ls caused by strong evaporation durÍng Ehe dry summer of.1976.

Changes in Achterste Goorven and Gerrlt.sfles are very sinllar. In
1977-78 highly elevated levels of sulphate, aluminium, calclum, magnesium,
carbondioxlde and conductlviÈy ríere observed. The decreaslng ions and
conductÍvity are Èypically associat,ed wlth acidiflcation and Índuced by the
drought of. 1976. The peak in calcium, magneslum and sulphate in Gerritsfles
1n 1960 (Table 13) was caused by the drought of 1959. Gerritsfles has an
lntermedlate position beEween Kliplo and Achterste Goorven. The decrease of
Èhese parameÈers rías faster ln Gerrltsfles than ln Achterste Goorven, whlch
1s related to the longer water renewal time of Achterste Goorven. As a
consequence of the decrease of sulphate ln both pools the pH is lncreasing
slnce c. 1981. Also fulvlc aclds were not preclpltated any longer and colour
and permanganate consumpELon lncreased too. Anmonium lncreases ln both pools
sl-nce c. L982.

The dlstributlon of the most important macrophytes of Èhe open wat,er in
Achterst,e Goorven, C,erritsfles and Kltplo in Septenber 1984 is given Ín
Figs. 23, 24, and 17 respectlvely . Outllne sketches of the vegetatlon of
Tongbersven-West and GrooE Hasselsven are in Flgs. 25 and, 26. Changes ln the
floristic composition of the pools frorn 1916 through 1984 are glven tn Table
18.

The presenÈ nacrophytlc veget.atlon of Achterste Goorven ls qulte
uniform. In the open rvaEer Nymphaea alba occurs regularly and next lmportant
l-s Juncus bulbosus, especlally nearshore. The abundance of J. bulbosusr 8s
welÏ-As- tha-t=? fllament,ous algae, is lncreaslng frorn weil (ffin-a) to
east (statlon E). In the litEoral zone Sphagnun, Drepanocladus flultans,
Carex rostrata ete. are present. In total 15 species were seen ln 1984. Thts
G an Cpoverishment in comparison with the period 1912-59, when 37 specles
were seen. In additlon, the vegetatlon of the open water was much more
diverse and luxurlant in the perlod 1916-59. In the pool a gradient rías
vislble of vegetation Eypes characÈerlstlc for mesotrophic and weakly
acld-neutral sites near st,atlon A to Èypes which are characterlstlc for
ollgotrophic and acld sltes near statí.on E. I'Íost consplcuous is the decrease
of these specles whlch are characterlstlc for weakly acid low alkallnity
waters! -_€.8. Pgtlnogetgn po1ygonlfg,llus, Sclrpus flulÈans, Myrlophyllum
alÈerniflorum and Utricularla lnterrnedla.
---E; present v@s is domlnaÈed by dense nats of
SPhagnum dent,lculatun on the botEom. Nearshore Juncus bulbosus, Sparganltrm
angustqof tum, Eleocharf s palustris, Carex rostratà ana'-- E-iGpË;rnm
angustlfolium are present. Juncus effusus settled about 1950 anZ@ffi
expanded since. Before 1958 20 specles were seen, slnce
been observed. Lobella dortmanna, Deschampsla setacea,

1973 16 specles have
Luronium natans and
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PoEamogeton natans were noÈ present in the recent inventories. These specles
are characterlstic for weakly acid low-alkalinity r.raters. Ihe abundance of
peat mosses, which are typically found in st,rongly acid waters, probably
increased during the last decades.

Ihe present subrnerged vegetation of Kliplo is dominated by Potamogeton
natans. Sphagna are present, aË some places nearshore. Sparganiuru
angustifolium is very rare. Phragmites aust.ralis, Potentllla pàlustrls,
Carex rost,rata and Eriophorum angustifollum are the mosÈ dominant littoral
species. arttrougtr spaffi- angïffiTeclined since 1958, long-term
changes in flora and vegetation of this pool are minor in comparison with
the previous pools. This might be expected because of the morphometry and
chenistry of the pool.

Tongbersven-WesE is differentitated from the other pools by the
presence of a qulvering bog, whlch covers abouÈ seventy percent of the
basin. In the open hlater paÈches of Utrlcularla ulnor are present. AE some
nearshore places Eleocharis mu1t1ffi-T6- ffiEïlng. The vegetation is
rather constant sin6ltËEst fm'Gtoflfn 1957, although ttynphaea alba
\ías noÈ seen af ter 1975

The flat and shallol, bot.tom of Groot llasselsven is covered wit.h a Eat
of Drepanocladus fluiËans. Ihe open lraEer ls surrounded by a belt with
Juncus effusus, Drepanocladus fluitans and some J. bulbosus. Phragmltes
australls 1s present with some patches. The vegetatlon is stlll lndicative
for t,he eutrophlc condltions ln the past, which rdere caused by the presence
of a gu1l colony unÈil 1970.

The most powerful descriptlon of spatial and tenporal varlaElon in the
diat.on assemblages. is the pH, inferred by weighted averaging fron the
diatoms, given aE the boEtom of Table 26. The diatom-Ínferred pH
signiflcantly decreases over t.ime at, all statlons where old and new dlatom
samples are avallable (Table 27). Between 1919 and 1929, a gradlent exlsted
in Achterste Goorven, with the inferred pII going from 6.9 at the westernmosÈ
staElon A to 4.9 at the most eastern stat.ion E, thus the pH encompassed a
range of 2.0 uniEs. Between 1975 and 1984, the gradlent was from 4.3 at
statlon A to 4.1 at station E, a range of only 0.2 unlts. Although the
gradient still existed aft,er about flfÈy years the sÈations have become more
sinilar, which is ín accordance wiEh the direcE pH measurements and Èhe
lnventories of nacrophytes which were discussed above. Also 1n Gerritsfles
and Kllplo the dlatom-lnferred pH declined slgnlflcantly over tlme (Tab1e
27).

Changes ln the species composlÈion over tlme can be seen from Table 26.
Most conspicuous is the enormous lncrease of the acidoblontic EunoÈia exigua
at all stations. It is the dominant specles ln all pools, exce[-:EËï -Ïumfc
ones (Kliplo, Tongbersven-West,). Also the asymmetric forms of the
acidophilous E. rhomboidea lncreased at most statlons, wlth the exception of
Gerritsfles. These species increased at the expense of a number of other
specles. Ihe acidophllous Cymbella gracllls and Navicula leptostrlata
decreased at all statlons from whlch a tlme serles ls avallable. The
acidophllous Eunotia pectlnalis var. minor fo. impressa, Stauroneí.s anceps
fo. gracllis and the circumneuEral Brachyslra vitrea fo. lanceolata and
Nitzschia gracills decllned at all statlons excePt Kllplo. The clrcumneutral
Achnanthes minutlssima and the alkaliphllous Brachyslra vitrea, Cymbella
niIÏ,GiEàraEd-.mttra perminura decllned parrlcularly at ètàttons A and
n in ectrÈersÈe Goorven. Tl're acldoblontic Navicula hoef leri and N.
subtllisslna, t,he acidophllous Eunotl? elegans,
floccrilosa- the clrcumneutral Eunotla bilunarls and a number of addiElonal
raxaïecreased partlcularly at tÍË1@ adIÏfGa' statlons AchtersÈe Goorven
E and Gerritsfles. I'Íany of the decreased taxa have a llnlted distrlbuElon ln
northwestern Europe, while the few increased ones are trivlal. Ihis does
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iropair the conservaE.lonal values of the poo1s. ïhe signiflcant decrease of
the average Eotal number of taxa and the average number of taxa Ín the counE
at. the stat.ions in Achterste Goorven and Kliplo and È,he signlficanE lncrease
of the dominance aE. the same staÈions (Tables 26 ar.d. 27) lead to the same
conclusion.

As argued before, the excreme drought periods of 1959 and 1976 severely
affect,ed Ehe chemtstry of Gerritsfles and Achterste Goorven by the release
of sulphuric acid from oxidizing sediment during refilling. Flg. 27 shows
(see also Table 21) that t,he relative abundance of Eunotla exigua greatly
increased from Ehe pre-drought year 1975 to the post-arougtrt years 1978-84.
Ihe droughr in the year l92l \das comparable to that of. 1976. After 1921 the
acldoblontlc diatoms did noE lncrease 1n comparison with the period before.
Eunotia exlgua \{as only found ln a few individuals, whl1e Frustulla
rhonboldes var. saxonica and Tabellaria quadriseptat.a rrere Ehe uost
Ïlp o r r an r a c i do b i oï-t i c <l i a r oms T r o;-iFrh r o ugh-iE6lTr om t he d 1 a r oms n o
changes ln chemlstry, included by rhe drought of l92l can be concluded.
Apparently not enough reduced sulphur compounds had been accumulated in the
sedlment at that tlne for Èhe release of signiflcant amounÈs of sulphuric
acid during refllling after the drought.

The relaEive abundance of acldobiontic diatoms In Geritsfles is plot.ted
ln Flg. 28. No data are avallable for the drought of 1921, buE the reactj-on
on the extreme dry year 1959 ls evldent here. Apparently t,here is some
delay, because in 1960 Ehe relat,lve abundance of acldoblontic dlatoms was
low, even lower than ln the period 1950-51, but in 1964 and 1965 the
relative abundance of the acldobiontlc diatoms, partlcularly Eunotia exlgua,
ls over 375 of Èhe 400 valves counted in each sample. In 1973 the
acldobiontlc diatoms accounEed for 304 valves, but aft.er Èhe relattvely dry
sutrmer of that year their relat.lve abundance lncreased again. Later on, then
the acidobiontic diaEoms remalned donlnant, especlally after 1976. But from
1981 onwards E. exigua became less dominant. Until l,Íay 1982 Frustulla
rhornboldes vZF.--ffintca became codominant and Tabellarla quaarrsepE-
Fmnovember--l9BTThese changes are a reactio
and associated changes ln chemistry since then (Flg. 28).

In Gerrltsfles it has taken about five years for Ehe flrst signs of
post-drought recovery Eo appear. In Achterste Goorven no major changes were
seen until 1984, although Eunotla bllunarls, a circumneut.ral specles, was
presenÈ wlth conslderable numbers at stat.lon E ln May 1984. The longer
recovery tirne of Achterste Goorven ls probably assoclat.ed wlth the longer
wat,er renewal ttrne (5 years) of this pool, ln compartson wlth Gerrltsfles (3
years ) .

In Kllplo no reaction of the dlatoms on any drought perlod was observed
(Flg. 29), which 1s in accordance wit,h lts norphologlcal features described
above.

As a flnal conclusion lt nay be stated that the chemlst,ry and blology
of the lnvestlgated pools are seriously affected by acid deposltlon. Ttre
long-tern changes are most obvlous ln t.he pools where a large part of Ehe
bottom ls exposed to the aEmosphere in extremely dry years. Contlnuatlon of
the moniÈoring project is necessary for modelllng the lmpact of atmospherlc
deposition on chemistry and blology of acid sensitlve shallow water bodies
1n norEhwestern Europe.
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Appendix 7

DIEPTE VAN DE IIINERALE BoDETI (cm

DIKTE DETRIÍUSLAAC (cm) PLANTESOORTEN OP PEILPUNTEN

11 [!os iSp/)u!/numl
Pn Í\)lonroqclon r)olotts
5a Spottlontum ongus

-50--isoplethen rn cm

Opname op l0 september 1984

Opname: J.C. Buy5,H- van Dànr
A. l,!erten:..^ lY.C.G. Oostveen

irgt 
* 8s eo 78 sl'

80 82 88 8l 88 83

58 80 85'O "ay
qo 66 7q 8c 85 t' ,n/

20 90 8q 8s 81

Pn Pn Pn Pn Pn

Pn Pn Pn Pn iu ttl
Pn

Pn Pn Pn Pn Pn Pn Pn

Pn Pn Pn Pn Pn

Kllplo, Septeuber 10, 1984. A. DepEh of nlneral soll ln cn belou sater
level. B. BathyEetrlc Eap (depth ln cn). C. thlckness of nud layer
(cu). Il. PlanÈ specles on gau8lng statlona. l{aÈer level 12.84 u + NA?.

wATERDIEPÍE (cm)

l0v/-\l\
32 / 7s\

-t0-_-/ \ zs
62 ís ss\



Appendl= 8

ACHTERSTE GOORVEN atatlon A, 520613-85021I, chemlcal and physical daÈa

DATE TIHE LÀBoR LEVEL ICE TEMP pHf pHl EC25f EC251 KMNO4u KMNO4f COD COLOR 02 O27" NR
oc - - nS/n nS/n Ec/l ag/l agol/L ngPt/I mo1/u3h}íET - ÉNAP

520613 - VANOYE

57 1OI8 . RZIHIL
750904 - rivRrEs
78r 109 16 I.IMN

7907 I0 15 WlíN

790815 14 lrlrN
7909Ir - lruN
79I0t0 - lJÈíN 8. t6
791112 - r,rMN 8.25
7912t0 - UMN 8.28
800108 - IIHN 8.39
80021 2 - I.IMN

800311 - nMN 8.45
8004t4 - [lMN 8.43
800513 - truN 8.40
800610 - ltuN 8.30
800813 - nUN 8.32
80llll - t{l'ÍN 8.36
810210 - I,IMN 8.43
810510 - I.IMN

8t0812 - [rMN 8.26
811112 lt lrMN 8.30
8202tI - WMN 8.43
820507 - r.rMN 8. 37

820805 - r.nrN 8. 22
82IlI0 15 WMN 8.23
830216 L2 r.ruN 8.35
810527 13 r{UN 8.48
830818 15 rníN 8.25
83lrr5 - WMN 8.27
840215 14 HMN 8.52
840516 13 HMN 8.32
840815 t2 WUN 8.27
841t14 13 WMN 8.35
85021I 13 m.íN 8.39

o -5.2
o---
0 - 3.9 - 17.5
o 1.o 3.7 4.9 25.3 25.1
0 22.0 3.3 3.5 25.4 22.6
o 21.5 3.7 3.4 24.2 23.6
0 18.0 3.4 3.5 24.5 20.4
0 r7.0 3.3 3.8 22.O 2t.5
0 r8.5 - 3.9 15.8 19.3
0 8.5 3.7 4.0 19.8 l8.r
0 2.0 3.7 3.9 t6.5 16.5
0 7.0 3.6 3.7 17.5 r5.4
0 9.5 3.6 4.r 18.5 r8.7
0 15.5 - 3.9 18.0 18,I
0 19.0 - 3.8 19.5 19.3
0 20.0 3.5 3.6 2r.5 21.5
0 20.0 18.7
0 2.0 t6.7
0 5.0 2t.6
0 21.0 4.5 - t7 .3
0 21.0 3.5 - 19.4
0 r0.5 4.6 4.7 12.6 12.7
0 5.0 3.8 - I0.0
0 I1.5 4.0 - I3.6
o 22.5 13.7
0 r0.5 4.5 4.8 13.8 r0.3
r 3.0 4.r 4.6 17.0 r4.9
0 tI.5 4,0 4.4 13.4 11.6
o 26.5 3.7 4.3 15.4 rr.0
0 r.5 4.2 5.8 13.6 r2.r
I 1.0 5.0 5.8 13.2 t2.l
0 r8.0 3.9 4.3 15.0 16.5
0 23.0 4.2 4.5 17.0 r4.9
0 8.0 4.3 4.4 14.0 15.4
I 0.0 4.9 4.9 I2.t 12.l

-rr- - -'-- -
- 227 26 304 r00 165 -

10 216 41 370 549 346 7 334
II r33 33 110 250 2r4 5 133
3 t27 4L 391 250 214 5 r45

t6 177 4L 370 299 230 7 134
14 105 49 391 324 230 6 t67
9 155 59 348 324 222 6 trr

33 r77 51 370 299 197 5 lrr
6 r33 49 304 250 r8l 4 44

': ": 'i ": ": "::'_

----------

--.-----:

- r00
- 150
- 100
- r00
- I00
- 100
- 100

44 30s 33 304 75 lr5 3 44
- t25
- 150

6
4
4
3
3
3

2

I

3
4

159 58 5
24r 90 6
2s6 86 7

241 79 I
344 Lt6 9
316 86 10
294 68 lr
394 104 t2
369 r03 13
391 126 14
291 10r 15
247 87 16
231 85 t7
400 8s 18
325 82 19

20
228 84 2l
119 31 22
338 84 23
419 r2r 24
78 29 25

300 85 26
500 r 16 27
219 64 28
294 Lr6 29
350 76 30
266 58 31
344 rr5 12
156 58 33
284 76 34
438 96 35

I
2

0.63 208 - 0.1 7 3

0.2r 1437 0 0.53 4
0.05 999 0 0.36 5

0.05 1020 0 0.36 6
0.05 u24 0 0.38 7

0.05 916 0 0.40 E

0.05 895 0 0.4r 9
0.05 937 0 -r0
0.05 708 0 -ll
0.05 750 0 -12

- -13
- - 14

- - 15
- -16
- -17
- -I8
- -19
- -20
- -21
- -22
- -23
- -24
- -25
- 0.20 26
- o.24 27

- 0.18 28
- 0.18 29
- 0.16 30
- 0.I6 3t
- 0.I8 32

o.os 479 0 0. 14 33
- 0.20 34
- 0.27 35

- 480
t7 494
64 437
38 451
27 480
23 494
r6 465
L7 437
l3 367
40 423
- 45r
- 437
- 480
-_ ot:

-.
: ot'_

- 409
- 465
- 45I
- 45r
- 508
- 508
- 45r

l5 480

- 508
- 409

6
7

1

6
7

1

8
I5
I8

212
38
210
420
41
57
5 11

:,:

--

.-

DÀTE CO2 SIO2 TOHA C-PO4f NH4-or NH4 K NA CA HG HN AL FE CL NO3 AI,K H2PO4 SO4 CO3 ÍR NR

............(equlvalenE) mo1/o3....

5206 t3
571018
7 50904
78I109
7907r0 613
790815 454
790911 59t
79r0to 477
79r u2 364
79r2r0 3I8
800r08 364
800212 568
8003 I I
800414
8005 I 3

8006 I 0
8008 I 3

80rul
I I02 l0
8105 r0
810812
8llr12
82021 t
820507
820805
82lIr0
830216
830 527
830818
831r l5
8402 I 5

8405 r 6
840815 364
84trt4
8502 I t

- 450
17 230
| 240
| 270
I 280

17 280
I 250
- 220
r 230

o.4;
0.05
0.5 3

0. 32
0.5 3
0.05
0.7 4
0.84

0.1t

0
66

0
0
0
0
0
0
0

.

- r20
22 r00

- 130

Referencea: nr.l P. van olJe (unpubl.); 2 P. Leentvaar (unpubl.); 3 Kwakkeateln 1977;4 van Dan et
al. I98l; 5-35 om record.

,:
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ACHTERSTE GOORVEN 6Èatton B, t9Il03-850211, cheElcal and phystcal dara

DATE TIHE IÀ3OR LEVEL ICE TEMP PHf PIII Ec25f Ec25I IoÍNo4u KMNo4f coD coloR 02 o2z NR
hHET - ÉNAP

19I IO3 - R.DRINK
250729 - HEIMAN
260410 . HEIHAN
750904 - HVRTES
781109 15 UHN

7 907 LO I 5 r{l.rN

790815 14 rJuN

7909rr - HUN

791010 - Ut{N 8. 16
79[tt2 - r.'MN 8.25
791210 - ur'ÍN 8.28
800108 - r.rMN 8.39
E00212 - lníN
80031t - lluN 8.45
800414 - vrlrN 8,43
800513 - lJr.ÍN 8.40
800610 - Ht{N 8.30
800813 - r+íN 8.32
80llll - r.[{N 8.36
810210 - ultN 8.43
810510 - r.rMN

810812 - Hr.tN 8.26
8llll2 II IJMN 8.30
820211 - r.rlrN 8.43
820507 - nuN 8.37
820805 - r.tMN 8.22
82ru0 t6 r,rHN 8.23
830216 13 r.,uN 8.35
830526 13 nMN 8.4E
130818 16 r.lMN 8.2 5
83lrl5 - uuN 8.27
840215 - Ht{N 8.52
840516 t3 r,uN 8.32
840815 13 ulíN 8.27
84ll14 t3 Ht{N 8.35
8502It t3 r$rN 8.39

191103 50
250729
2604 l0
7 50904
781 109
7907t0 523
790815 477
79091 I 659
791010 59r
79LLL2 523
79I210 568
800108 432
800212 59r
8003 I r
800414
8005 r 3
8006r0
8008 r 3
80lllr
8102 l0
8r0510
8r0812
8llll2
8202 I I
820507
820805
821 I l0
8302r6
83052ó
830818
83llr5
8402 I 5
8405 I 6
8408r5 318
84I I I4
8502 I r

uS/o nS/m rgll ag/L tgOZ/L mgpt/l mot/n3

- 9.7 - 14 - 7

o^

I - 5.5
0 -6.6
0 -6.0
0 - 3.5 - I3.O
0 8.0 3.7 3.9 28.5
0 24,0 3.5 3.5 26.5
0 25,0 3.6 3.4 27.5
0 18.0 3.4 3.5 24.O
0 16.0 - 3.8 24.5
0 19.0 - 3.8 21.0
0 9.0 3.4 1.9 2t.5
0 I.5 3.8 3.9 27.O
0 7.5 3,5 3.9 18.0
0 r0.0 - 3.9 r9.o
0 t7.0 - 3.9 21.0
0 19.0 - 3.8 20.0
0 20.0 3.5 3.6 22.5
0 r9.5 20.0
0 r.5 18.8
0 5.0 22.9
0 20.5 4.9 - 18.0
0 23.0 3.5 - r8.7
0 6.0 4.3 4.3 14.3
0 5.0 3.8 - r2.1
0 ll.0 3.9 - 15.3
023.53.3 - 15.9
0 r0.0 4.2 4.5 16.2
I 3.0 4.1 4.5 t7.0
0 12.5 3.8 4.3 15.2
0 26.0 3.9 4.5 l3.l
l 1.5 4.8 5.6 r3.6
o 2.5 4.t 4.7 14.8
0 17.5 3.8 4.2 18.0
0 23.0 3.9 4.3 21.9
0 7.5 4.4 4.5 tl.0
I 0.0 4.9 5.t lI.6

---
I 272 LO3
2 297 tL4
4 288 97
4 238 77
3 381 t3l
4 209 57
1 272 58
9 366 92
- 309 89
- 441 t47
- 291 r0l
- 23r 82
- 225 78
- 400 93
- 33r 86
- 247 87
- 234 88
- 275 7r
- 328 82
- 388 ll0
- 103 39
- 338 95
- 475 tlz
- 247 74
- 28r u0
- I9r 44
- 363 85
- 338 rr2
2 222 81
- 338 96
- 344 75

27 .5
23.6
24.8
22.6
22.6
20.4
20.9
I7. I
t7 .6
r8.7
r9.3
20.4
,r.:

-
, o.:

lt.6
13.2
r2.7
r0.8
t2.7
l3 .8
18 .7
r8. l
t2.l
I t.6

15 I
16 I
64

304
15 4
64
75

13 4
358

3;
IO
30
20

4
6

l5
,:

I
2
3
4

5

6
7

8
9

l0
tl
t2
I3.
t4
l5
I6
l7
l8
l9
20
2l
)a

23
24
25
26
27
28
29
30
3I
32
33
34
35
36

DATE CO2 StO2 TOHA r-PO4f NH4-or NH4 K NA CÀ t{c HN

...(equlvalenÈ) mo1/u3

AL FE CL NO3 AIK H2PO4 SO4 CO3 IR NR

- 480
t7 250
8 240
8 280
8 280

17 260
I 270
- zto

L7 200

-u0
- 150

13 140

o. 3;
0.2r
0. 53
0.12
0.6 3

0.lr
0.6 3

,.0!

- 16 0 - -165165 0 _ :": :
- -508 2

556 23 494 3
t45 86 437 5
167 25 465 3
234 81 494 6
389 46 494 3
278 15 480 5
zLr 27 451 6
145 t7 381 l0
178 r.8 423 s

- -451
- - 45I
- _480

- -,,: -

149 0.00 208 0 0.24 r
-2
-3

0 0.21 458 - 0.33 4
0 0.21 t645 0 0.53 5
0 0.05 t04r 0 0.36 6
0 0.u 999 00.35 7
0 0.u ll24 0 0.38 8
0 0.05 lr45 0 0.38 9
0 0.u 999 0 0.38 r0
0 0.rr tt03 0 0.40 tr
0 0.ll 79r 00.3712
0 0.05 833 0 0.32 13

-14_ 15
_16
- 17
_18
-19

- ,ri ,à:+a z:o roi
22 205 43 370 549 378
19 r39 33 39r 250 239
9 116 43 39t 250 230

42 r44 43 370 299 255
19 94 59 435 299 255
8 127 84 370 299 222
6 200 74 391 299 230

25 131 56 104 225 r89
36 94 59 370 200 197

6
5
5
6
4

!

l2;

- - _ _ _ _ _ _ _ _ _ _ - - - - -i?
_22_ _409 _ _23
-24

_ _ _ _ - 
_ _25

-ro; - - - -rgi - - - - -o.r;tr?_ ro0 _ _ 395 _ o.2o 28_ r00 _ _ 367 _ o.zL 29_ r00 _ _ 451 _ 0.18 30_ 100 _ _ 480 _ o.l7 3r_ 100 _ _ 409 _ o.2o 32_ 150 _ _ 465 _ 0.24 330.2t l0 416 31 326 r25 r4o 3 78 70 494 I O O.O5 12g O O.2o i4_ r00 _ _ 38r _ 0.21 35_ r25 _ _ 395 _ o.?4 36

References: nr' l-3 J. Hel*ns (pers. com.); 4 Ksakkeerern (1g77); 5 van Dan et ar. (rggl); 6-36om record.
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ACHTERSTE GOORVEN statlon E, 250729-850211, cheEical and physlcal dara.

DÀTE TIME LABOR LEVEL ICE TEMP pHf plll EC25f EC25I KMNO4u KMNO4f COD COLOR
oc - - oS/n ns/n Ec/l og/1 mgo2/1 ngpt/l mol/m

NR

I
2

3
4
5

6
1
8
9

t0
ll
t2
l3
L4
l5
I6
t7
l8
t9
20
2L
22
23
24
25
26
27
28
29
30
31
32
33
34

02 027.
3zhilET - n+NAP

250729 - HEIHAN
2604T0 - HEIHAN
781t09 15 rJl.ÍN

7907 r0 t4 t{HN

790815 14 r.rUN

7909rr - m.ÍN

7910t0 - I.IMN 8. 16
791u2 - Ul.íN 8.25
791210 - m,ÍN 8.28
800 t08 - r.rMN 8.39
800 2I2 - I.IMN

80031I - I,IMN 8.45
800414 - I.IMN 8.43
800511 - UMN 8.40
800610 - ul{N 8.30
800813 - r.rMN 8.32
8olltt - UUN 8.36
810210 - Ul'lN 8,43
810510 - Hl{N

8i0812 - I.IMN 8.2ó
811112 12 !,ll{N 8.30
820211 - UMN 8.43
820507 - HIíN 8.37
820805 - UMN 8.22
821 I t0 L4 r,nÍN 8.23
830216 13 ur{N 8.35
830526 lI IJUN 8.48
830818 13 tJ!..tN 8.25
83lII5 13 IIMN 8.27
840215 t2 r{MN 8.52
840516 L2 nMN 8.32
840815 L2 UMN 8.27
841114 13 WMN 8.15
850211 14 t{MN 8.39

250729
2604 r 0
78rr09 - - 450
790710 682 Ll 250 0.12
790815 5ó8 I 240 0.12
7909rr 773 33 3I0 0.53
791010 568 I 270 0.42
79ttl2 432 L7 270 0.63
791210 432 8 230 0.lI
800108 364 - 200 0.74
800212 409 8 170 I.90
8003rr 500 L7 200 0.51
800414 613 8 240 0.ll
800513 636 8 240 0.63
800610 568 I 240 3.05
800813 432 I 220 0.53
80ull 341 I 190 0.63
8to2r0 295 50 170 0.84
810510 386 8 160 l. 16

810812 409 I 170 0.7 4
8llrr2 34I I 90 r.26
820211 364 17 80 l.16
820507 271 8 I70 r.05
820805 295 17 I30 0.84
82r I r0 341 67 90 0.63
830216 3I8 33 Il0 0.32
830526 273 83 lI0 2.32
830818 204 47 100 r.37
831115 318 31 II0 r.26
840215 318 30 140 0.2I
840516 364 38 I90 0.2I
840815 341 12 110 0.21
84n14 341 73 120 0.74
850211 886 I 12 140 1.05

0 - 6.0
0 - 5.4
0 6.0 3.4 3.7 r3.5 26.4
o 22.O 3.5 1.6 19.6 26.3
o 24,O 3.1 1.5 24-5 24.8
0 17.5 3.4 3,6 27 .O 25 .9
0 I4.5 3.4 3.8 22.5 22.O
0 r8,0 3.7 3.9 23.0 18.7
0 9.5 3.7 3.9 2t.4 19.3
0 1.5 3.7 3.9 16.8 15.4
0 6.0 3.5 3.9 15.0 14.3
0 7.5 3.4 3.8 r8.0 18.r
0 16.0 - 3.9 r9.0 20.4
0 r8.5 - 3.8 20.3 22.0
0 r9.0 3.6 3.6 24.O 24.2
0 19.0 - 1.7 20.0 r9.8
l I.5 - 4.0 16.6 L2.L
0 5,0 3.7 4.0 2r.5 r5.4
0 20.0 - 3.8 18.5 t7.l
0 21.0 3.ó 4.0 23.8 24.2
0 6,0 3.6 4.2 r5.0 t3.2
1 4.0 - 4.3 7.6 7.2
0 ll.0 3.8 4.I t4.8 15.4
0 22.5 5.6 3.8 10.8 14.9
0 I0.0 4.8 4.9 13.7 r0.2
I 2.0 4.0 4.4 18.5 t4.9
0 ll.0 3.6 4. r 16.4 13.8
o 24.5 3.9 4.4 13.7 ll.0
r 0.5 4.8 s.7 r5.5 14.9
0 3.0 3.9 4,6 16.9 13.2
0 r6.5 3.5 4.2 19.9 19.8
o 22.0 3.9 4.2 18.2 l8.t
o 7.o 4.r 4.2 rl.0 t2.7
r 0.0 5.2 4.9 12.9 12.L

------
22 r55 46 348 549 354
19 r22 36 4r3 274 222
36 III 54 4t3 250 2t4
13 166 49 435 299 304
L9 94 54 435 299 239
13 r00 84 370 299 239
6 r55 72 391 274 r97

39 t00 43 283 250 140
25 155 5r 283 175 r56
17 r00 59 348 200 189
17 rL6 92 478 250 222
19 lll 82 435 250 230
33 67 59 435 250 230
L7 67 5L 348 250 189
30 72 54 348 200 r73
25 r05 59 283 200 r40
28 72 72 39r r50 r73
t7 6r 6ó 413 175 r56
14 I44 49 304 50 132
21 30 1r r52 75 66
I r72 59 304 r75 156
8 78 43 326 r50 rr5

33 255 49 26r r00 82
25 316 56 326 r00 rI5
25 216 31 283 r00 r07
78 Ul 38 326 r00 90
Il 416 33 239 t00 1r5
t9 294 49 326 r50 123
r3 316 5r 39r 200 r8l
lI 360 3t 348 r00 r23
r6 r77 3r 283 r50 90
L5 244 36 283 r50 132

I; ;
15 6
409
73
94

t0 5

13 5
15 I
175
15 7

85
r03
30 l0
16 8
t75
30 I0
224
19 7

19 8
503
16 5
41

45 14
458
22
50

I40
36
7-
8-

49
55

- 334 21 45r 2

5 r22 8r 465 3
4 178 64 480 6
5 3rr 46 550 2

5 189 23 522 3
4 167 20 480 8
4 222 27 45r I
3 78 43 381 l0
3 78 16339 6
3 167 22 395 r
4 167 26 465 13
4 278 30 508 3

4 r89 32 522 I
4 167 40 451 6

4 r33 25 367 3
3 r22 32 381 6
3 6 70465 r
3 42 38508 r
4 57 16395 6

50 2r 169 3
167 30 451 I
50 40 508 r
24 91 38r 3
50 75 423 10
56 59 367 r0
39 r50 494 3
37 258 536 2

i ,oi ,i
9 225 85
4 244 82
4 222 70
4 378 r28
5 3r3 88
3 247 56
7 394 l0r
7 322 85
2 484 t59
4 256 88
2 303 104
3 303 r05
4 400 90
9 341 85

12 263 93
lr 23r 83
r0 325 84
23 366 89
5 38r rr0
2 8832

32 238 68
24 494 lr3
14 278 8r
43 3r3 r20
24 250 54
16 378 90
2 284 93
2 209 77

19 319 85
15 203 43

-l.;
0 0.21 1416 0 0.55 3
0 0.05 l04r 0 0.37 4
0 0.05 1020 0 0.34 5
0 0.05 1249 0 0.35 6
0 0.05 958 0 0.3ó 7

0 0.21 916 0 0.38 8
0 0.05 895 0 0.38 9
0 0.ll 687 0 0.40 r0
0 0.05 645 0 0.34 11
0 0.rr 729 0 0.34 12
0 0.u 1020 0 0.35 13
0 0.rr 9ló 0 0.33 14
0 0.42 1020 0 0.32 15

0 0.rr 729 0 0.36 16

0 0.21 708 0 0.35 17

0 0.rr 604 0 0.34 r8
0 0.32 687 0 0.24 19

0 0.32 54I 0 0.26 20
0 0.05 521 0 0.Il 2I
0 0.u z9r 0 0.31 22
0 0.21 687 0 0.28 23
0 0.42 5Zl 0 0.21 24

49 0.2t 416 0 0.2t 25
0 0.05 645 0 0.19 26
0 0.42 604 0 0.21 2l
8 0.2r 437 0 0.I7 28

164 0.32 416 0 0.16 29
8 0.lI 52t 0 0.26 30
0 0.05 874 0 0.28 3r
0 0.05 645 0 0.16 32
0 0.53 458 0 0.29 33

66 o.lt 458 300 0.26 34

z4
50
I

24
3

tl
l3
l3
l6
I

l6
33

DATE coz SI02 ToHA t-PO4f Nll4-or NH4 K NÀ CA MG UN ÀL FE CL N03 ÀLK H2P04 SO4 Co3 IR NR

.......(equÍvalent) mol/n3.

3 89 15437 5

3 86 12508 3

3 44 27508 2

2 67 30367 3

2 72 70423 8

Referencea: nr. 1,2 J. tlelmns (Pers. com.); 3 Van IIBE et aI. (1981);4-34 om record.
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Appendl.x 20

^frERSTE 
@RVEN Btatton ,t. Atl dlaron t.ra, strh ptr-indices (r). 4 - raron

Pre6eDt ouÈ61de th€ countt - - taÍon no! found.
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Appendtx 21

^GTERSTE 
c@RvEN 6raÈton B. AlI d1aÈon raÍa, rlÈh pH-tndrcès (R). 0 - raxon pÍesent our6td€

the countt - - texon noÈ found.
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Appendix 22

afrTERsrE GmRvEN 6E'Lton E' 
^ll 

dl:tm tax., qlth pH-indit€s (R).'t - caxon prescnr ouLsrde ihe.o,rnri - - r.rr.n nor ra{nJ.
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Appendlx 23

CEMITSELES. [I dlótoÉ raxa, e1Èh pH-Indtces (R). 0 - taron presenr outstde the count, - - raxon noÈ foqnd.
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Appendtr 24

YEM 2L 79 48 5E 62 6. 70 12 12 tB 19 80 8r EI 62 82 8l Et 8À
rcNIH 8 ó 5 5 E 5 4 t / ll IO 5 5 tl t lL t rl 5

-c
6

&IPLO. AtI dléto! taia, ulrh pH-tnd!c.s (R), q - raxon presenr ourstde rh€ countr - -
Eaxon not found.
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Appendix 27
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