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PREFACE

Acid rain is one of the most important threats to the environment. The
first ecological responses were seen 1in the early seventies in the very
sensitive, poorly buffered, lakes of Scandinavia, although the atmospheric
deposition in that area is much less than in The Netherlands.

The results of the first investigations of the present author on the
impact of acid rain on poorly buffered waters, malnly moorland pools, in The
Netherlands, demonstrated that these oligotrophic water bodies, with a
highly characteristic flora and fauna, were much more affected by
acidification than the Scandinavian lakes.

Therefore, regular monitoring of chemistry and diatoms in some moorland
pools started in 1979, Diatoms were chosen as biological indicators 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, was available.

The international value of this project was recognized by the European
Community, that funded a part of the research activities.

This document is not only a report of the research activities of the
author, but summarizes all the available knowledge on management,
physiography, chemistry, and botany of the study sites. Therefore, it is a
base-line study for forthcoming monitoring and modelling studies on the
impact of acid precipitation in shallow freshwater bodies.

The Director



ABSTRACT

Monitoring of chemistry and diatoms at three stations in the moorland
pool Achterste Goorven and one station in the pool Gerritsfles was started
in August 1979 and continued until February 1985. Monitoring in the pool
Kliplo began in May 1981. A similar program was started in the pools Tong-
bersven-West and Groot Hasselsven in April 1983, Bathymetry was studied in
all pools but Groot Hasselsven. Inventories of macrophytes were also carried
out,

From the pools Achterste Goorven, Gerritsfles and Kliplo diatom
samples, from the periods 1916~29, 1948-53 and 1960-77, were compared with
samples obtained in recent years. From these pools also old data on
chemistry, mainly pH measurements, and data on the distribution of
macrophytes were available.

In Achterste Goorven and Gerritsfles the changes in directly measured
pH, diatom-inferred pH and macrophyte distribution indicate acidification.
About 1920, 1950 and 1980 the pH in these pools was 5-6, 4.5-5.5 and 3.7-4.7
respectively. In Kliplo, the pH changed from c. 5 in 1924-29 to c. 4.5 in
the period 1972-85. Both in Achterste Goorven and Gerritsfles the diversity
of macrophytes and diatoms decreased as a consequence of the acidification.

Differences in chemistry and biology of the pools are mainly caused by
differences in morphometry. In extremely dry years (e.g. 1921, 1959 and
1976) in Kliplo c. 20% of the bottom was exposed to the atmosphere, of the
Achterste Goorven c¢. 75%, while Gerritsfles was intermediate 1in this
respect. This has a marked influence on the biogeochemical cycles 1in the
pools, especially that of sulphur.

Analysis of the diatoms of Achterse Goorven between 1916 and 1928
revealed that the severe drought of 1921 did not affect the diatom
assemblages of this pool. Probably also the effects on chemistry were
negligible. Apparently only minor amounts of reduced sulphur compounds were
stored in the sediments. In contrast, the drought of 1959 had a marked
impact on chemistry and diatoms of Gerritsfles. The sulphur compounds, which
were present in the bottom in reduced form and originated from atmospheric
deposition in the decades before, were mineralized to sulphuric acid.

The impact of the drought of 1976 could be studied in detail. 1In
Kliplo, a humic pool with a very intensive sulphate reduction, no drought
induced changes of chemigtry ang_ diatom assemblages could be observed
(average c. _100 mmol m,_ 1/2 SO, ). 1In Achterste Goorven very high levels
(>1400 mmol m 1/2 80, ) of 'sulphate were observed in, 1978, thich
gradually lowered untii c. 1982 to a level of c. 500 mmol o 3 1/2 S0, . In
Gerritsfles, the sulphate concentration had a similar pattern ag_ in
Achterste Goorven and stabilized at a 1level of c. 250 mmol 1/2 SO in
1980-81. These differences are related to morphometry and the water renewal
time, which 1s c¢. 5 years in Achterste Goorven and about 3 years in
Gerritsfles,

The deposition of sulphate is roughly balanced by that of ammonium,
which 1is nitrificated and subsequently either taken up by water plants or
denitrificated. The net results of this chain of reactions is the production
of one mole of protons for each mole of ammonium. This compensates for the
consumption of one mole of protons during the reduction of one equivalent
mole of sulphate. Nevertheless, an increase of pH in Achterste Goorven and
Gerritsfles was observed since c. 1980, probably as a result of the enormous
amount of sulphate reduced and released as sulphide after the drought of
1976, leading to net sulphate reduction over ammonium uptake. In Gerrits-
fles, the decrease of the acidobiontic diatom Eunotia exigua since 1980
indicates 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 chemical
characteristics and diatom assemblages in moorland pools', which was started
in 1982 as a continuation of the project ‘'Construction of a frame of
reference for the assessment of the biological quality of surface waters in
the Netherlands with diatoms from old collections', which ran from 1978 to
1982,

Previous investigations (Van Dam et al. 1981) have shown that 1isolated
moorland pools are seriously affected by acid precipitation. This appeared
particularly from the comparison of old (1916-29) and recent (1978) diatom
assemblages from plankton tow samples. In the 16 pools which were
investiggted a wide range of sulphate concentrations (120-1640 equivalent
mmol m ) was found. The differences seemed to be dependent on the
concentration of humic matter, the hydrology (perched water table vs.
regional groundwater table) and the surrounding vegetation (open heathland
vs. pine forest).

The degree of acidification of moorland pools seems to be dependent on
morphometry. Especlally after dry summers, e.g. 1976, large increases of
sulphate concentrations in moorland pools were observed after refilling.
Vangenechten et al. g 981) observed a maximal sulphate concentration of
10600 equivalent mmol m ~ in Belgian moorland pools. Similar responses to
the drought of 1976 were seen by Leentvaar (1984a) in a forest pond and
Roijackers (1985) in an oxbow pond. The acidification after dry years 1is
caused by the mineralization of reduced sulphur compounds which were stored
in the sediments. It is a question if these sulphur compounds are naturally
present or if they have been accumulated by atmospheric deposition in recent
times. Analyses of changes caused by dry periods in the past, e.g. 1921,
1947 and 1959 may shed light on this question. The impact of such dry
periods will be most severe in those pools were a 1large fraction of the
bottom will be exposed to the atmosphere.

Until about a century ago the majority of the moorland pools 1n The
Netherlands, Belgium and Germany was situated in an open landscape of
heathlands and aeolian drift sands. Nowadays most of the pools are situated
in forests of Scots pines (Pinus sylvestris). The reafforestation with Scots
pines has caused a considerable increase of sulphate and cations in
groundwater, because  conifers are efficlent collectors of gaseous
sulphurdioxide (e.g. Nihlggrd 1970, Mayer & Ulrich 1978)., 1In groundwater
under pine plantations in The, Netherlands elevated levels of sulphate,
exceeding 3000 equivalent mmol m ~, have been observed by Oosterom & Van
Schijndel (1979), Oosterom (1982), Stuyfzand (1984)13Oostveen (1985) and
Kragt (in prep.). A maximum of 9350 equivalent mmol m was measured by
Kemmers & Jansen (1980). Percolation of this contaminated groundwater may
give a serious contribution to the acidification of moorland pools.

It is difficult or even impossible to detect long-term chemical changes
in moorland pools directly, because old data are scarce. In some cases few
colorimetric pH measurements are available (e.g. Redeke & De Vos 1932).
However, a comparatively large number of old plankton tow samples, taken by
the late Prof. Dr. J. Heimans, is present in the collection of the Hugo de
Vries-laboratory (University of Amsterdam). The diatoms of these samples are
good indicators for past environmental conditions, particularly pH (Hustedt
1939, Merildinen 1967). By using diatoms as indicators it is possible to
trace long term changes in water chemistry (Battarbee 1984),

The research has been concentrated on the pools Achterste Goorven,
Gerritsfles and Kliplo, because a comparatively large number of old algal
samples were avallable, Also other features, e.g. chemistry and macrophytic




-2 -

vegetation, of these pools have been relatively well recorded in the past.

Additionally some observations have been made in Tongbersven-West and Groot

Hasselsven, because they were the subject of hydrological investigations by

Oostveen (1985).

The specific questions to be addressed are:

1. What are the changes in measured pH and other chemical characteristics of
the investigated pools since 1916?

2. What are the changes in the species composition and diversity of the

diatom assemblages in the pools since 19167

What are the changes in diatom-inferred pH of the pools since 1916?

4. What is the relationship between these changes and the morphometry and
the hydrology of the pools, the occurrence of extremely dry years (1921,
1959, 1976), changes in atmospheric deposition and land-use patterns in
the catchment area of the pools?

As aquatic macrophytes are both important indicators of acidification
of freshwater bodies (e.g. Grahn et al. 1974, Roelofs 1983) and important
sites of biogeochemical processes in the pools, also changes in the
macrophytic vegetation of the pools were studied.

This report is also intended to serve as a base-line document for
future studies. Therefore, it summarizes all the data which could be traced
in published and unpublished documents on physiography, chemistry, and
botany of the study sites. See also Van Dam (1987) for additional notes on
historical aspects.

(%)
.



2 METHODS

2.1 LITERATURE RESEARCH

Many of the old data on general situation, vegetation, chemistry and
human impact are not published in regular journals, Umpublished reports and
diary notes were found in the archives of the Research Institute for Nature
Management (Leersum), the Hydrobiological Society (Leersum), the State
Forestry Service (Utrecht), the Society for the Promotion of Nature Reserves
('s-Graveland), the Hugo de Vries-laboratory (Amsterdam), the Municipality
of Oisterwijk and in the State Archive ('s-Hertogenbosch).

2.2 MORPHOMETRY

Enlargements of aerial photos from the Topographical Service (scale
approx. 1:18000) were made to a scale of c. 1:1000 to serve as a base for
maps of bathymetry and sediment thickness in the field. However, these maps
gave a distorted picture and had to be corrected with a measuring-line in
the field.

Depth was measured by lowering a stick with a white disc (diameter 20
cm) from a dinghy to the depth where the disc touched the sediment surface.
Thickness of the sediment was estimated by pushing a stick (2 cm square 1in
cross-section) into the sediment wupto a depth where it was no longer
possible to push the stick deeper by hand force. Substraction of the water
depth from this depth gave the sediment thickness. The measurements of water
depth and sediment thickness were done in a regular pattern (grid distance
10 or 20 m) in order to construct maps of bathymetry and sediment thickness.
Thickness of quivering bog carpets was measured by pushing a calibrated
stick through the moss carpet and flapping down two side-sticks at the
bottom of the stick and subsequently by drawing back the stick wuntil the
side-sticks touched the bottom of the quivering bog.

2.3 HYDROLOGY

The water level was measured each 3 months by measuring the distance
from the water level to the top of a stick which was pushed firmly in the
bottom. The height of the top of the sticks above mean sea level ("NAP") was
measured by comparison with the nearest marks of the official network of
"Ri jkswaterstaat".

2.4 CHEMISTRY

pH was measured in the field with a Metrohm E488 pH meter, a WIW 91 pH
meter or a Gallenkamp pH stick. Conductivity at 25 C was measured in the
field with a Yellow Springs Instrument 33 conductivity meter or a WIW 91
conductivity meter. When air temperature was below 10°C "field" values for
pH and conductivity were often measured in the laboratory within a few hours
after sampling. Oxygen content was always measured in the field with a
Yellow Springs Instrument 54 oxygen meter.

Field measurements at low pH (pH < c. 4.5) often appeared to be inaccu-
rate if the manufacturer's instructions for use were followed. Therefore,
electrodes were frequently calibrated not only with buffer solutions pH 4
and pH 7, but also pH 3, after 198l. Electrodes were discarded when the
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devation from 3 exceeded 0.1 unit after calibration with buffer solutions pH
7 and pH 4.

Samples from Achterste Goorven and Gerritsfles were taken monthly from
July 1979 to June 1980 and quarterly from August 1980 to February 1985.
Samples 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 within 48 hours 1in the laboratory of the
"Waterleidingbedrijf Midden-Nederland" and subsequently analysed according
to the methods described by Van Dam et al. (1981).

Monthly samples (1983-84) from Gerritsfles, Kliplo, Tongbersven, and
Groot Hasselsven were transported in polyethylene bottles as cool as
possible, left overnight at 4°C., They arrived within 24 hours in the
laboratory of the Department of Soil Science and Geology of the Agricultural
University at Wageningen and analysed according to the methods described by
Begheijn (1980) and Lubbers (w. y).

Symbols and units for physical and chemical parameters are given in
Table 1. Detection 1limits are for samples analysed by Waterleidingbedri jf
Midden-Nederland (see App. 17 for detection 1limits of Agricultural
University). Before data processing values below detection limits were
arbitrarily set at half the detection limit.

Before data processing the raw chemical data were checked for errors by
calculating ion1§+balagies. For3ihis purpose, Mn, Fe and Al were supposed to
be present as Mn®~ , Fe” and Al respectively, although the charge of these
ions 1is highly dependent on pH and redox conditions (Stumm & Morgan 1970).
Nevertheless, ionic balances were generally correct within a few percents of
tbg anion or cation sum. Only when large concentrations of ion_S}lOO mmo 1
m 1/3 Fe) or dissolved organic carbon (more than c. 1500 mmol m -~ C) were
present, the cation sum exceeded the anion sum by more than 10%. If the
cation sum was more than 10%Z higher or 1lower, the apparent erroneous
analysis was eliminated from the data set.

For each sample the ionic activity coefficients were calculated, using
the Glintelberg equation (Stumm & Morgan 1970). The ionic activities were
multiplied w&&h ionic conductivity values (Vogel 1961, see Golterman et al.
1978 for Al™ ') and added to give calculated conductivities for each sample.
This calculated conductivity (25°C) could not be used as a check for the
chemical analysis as the calculated conductivity was usually c. 35% higher
than the conductivity as measured in the laboratory (25°C).

2.5 MACROPHYTES

The most prominent macrophyte species which where found while mapping
bathymetry (section 2.2) were recorded on maps (original scale 1l: 1000) in
the pools Achterste Goorven, Gerritsfles, and Kliplo. The most important
plants occurring along the shores of these pools were recorded during field
trips of a few hours in September 1984. Both aquatic and nearshore plants of
Tongbersven and Groot Hasselsven were recorded during short visits in
September 1984.

The recent vegetation was compared with records of the former
vegetation from excursion reports and publications.

Nomenclature of vascular plants and mosses follows Van der Meijden et
al. (1983) and Margadant & During (1982) respectively. For pH classification
of the macrophytes the groups of Hustedt (1939) (see next section) were
used. Species were classified using the autecological information tabulated
by Iversen (1929), Zblyomi (1967), Pietsch (1976, 1982), Landolt (1977) and
Ellenberg (1979) as well as personal experience.
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2.6 DIATOMS

0ld samples were obtained from the collections present at the Hugo de
Vries-laboratory (University of Amsterdam), the Research Institute for
Nature Management, the Limnological Institute (Royal Netherlands Academy of
Sciences) and the Zoological Laboratory (University of Ghent). Recent
samples were taken at irregular intervals in 1977 and 1978 and quarterly
from August 1979 through May 1984.

Sampling, slide preparation, identification, and counting have been
described in detail by Van Dam & Kooyman-van Blokland (1978) and Van Dam et
al. (1981). The old plankton samples were taken with a net with a mesh width
of 60 pm (A. van der Werff, pers. comm.) and the recent ones with a net with
a mesh width of 40 pm. Replica slides were deposited in the collection of
the Hugo de Vries—laboratory. The references for identification are listed
by Van Dam (1984), Nomenclatorial and taxonomical changes, suggested by
Krammer & Lange-Bertalot (1985) and Ross in Hartley (1986), were followed.

In each diatom slide 400 valves were identified and counted.
Additionally, the slide was searched for the most prominent species outside
the count, The relative abundance 1s reported here as the number of valves
of each taxon recorded in the count.

For the pH classification of the diatom taxa the system of Hustedt
(1939) was followed:

R abbreviation group pH range

1 ach acidobiontic only in acid waters, generally below pH 5.5
2 acph acidophilic generally only in acid waters

3 cir circumneutral at pH c. 7

4 alph alkaliphilous generally only in alkaline waters

5 alb alkalibiontic only in alkaline waters

0 noph unclassified unknown

The pH-class number R and the abbreviations will be used in the tables in
this report.

pH Spectra were calculated with the ecological data from the literature
listed by Renberg (1976) and Van Dam et al. (1981). Diatom-inferred pH
values were calculated with the formulas of Renberg & Hellberg (1982):

B = (cir + 5alph + 40acb)/(cir + 3.5alph + 108alb),

where cir etc. represent the relative abundance of each pH group 1in the
count., The pH-RENBE was inferred with the formula:
pH-RENBE = 6.40 - 0.85''1og B.

A second method to estimate the pH from the diatom assemblage
composition 1s by welghted averaging. For this purpose, optimum pH values
for the most abundant diatom taxa (U) were calculated by weighted averaging
from 99 samples out of 97 almost pristine soft-water lakes and pools in
Western Europe with pH values ranging from 3.3-7.3. The pH (pH-wa) for each
sample of the present investigations was estimated by weighted averaging,
using the U-values of each taxon. The inferred pH (pH-WA) was calculated
from the relationship: pH-WA = 1.337(pH-wa) - 1,487, with a standard error
of 0.8 units (C.J.F. ter Braak & H. van Dam, unpublished results).

Diversity indices were calculated according to Van Dam (1982):
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NRSPCOUN the number of diatom taxa in the count
NRSPTOTA the number of diatom taxa recorded in the slide
DOMINANC the relative abundance of the most abundant taxon in the count.

2.7 DATA PROCESSING

Chemical and physical data were entered in the memory of the VAX750-
computer of RIN with the program INPUT of the Section Ecohydrology. Diatom
countings were entered in an ORACLE .

All computations were done with the GENSTAT statistical package (Alvey
et al., 1977, 1982). Statistical tests were performed according to Sokal &
Rohlf (1969).



3 RESULTS AND DISCUSSION

3.1 SITUATION AND ENVIRONMENT

Achterste Goorven

The pool Achterste Goorven (Photos 1-4) is situated 2 km south of the
village of Oisterwijk (51034'N, 5013'E) at c. 8.3 m above NAP (mean sea
water level) at a distance of 143 km from the North Sea (Figs. 1,2). The
surface area is c¢. 2.4 ha,

It is a part of the nature reserve "De Oisterwijkse Bossen en Vennen''
which contains numerous moorland pools, with a large variation in chemistry
and biota (Van Dam & Kooyman-van Blokland 1979, Coesel et al. 1978, Van Dam
1983), The area was acquired in 1915 by the "Vereniging tot Behoud van
Natuurmonumenten in Nederland". Since then the paths around the pool are
open to the public.

The pool, with a relatively complex morphometry, was selected for our
studies because more than 70 old samples were taken by Prof. Dr. J. Heimans

> —
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Fig. 1. Location of study areas (dots) and precipitation monitoring stations (open squares) in The Netherlands.
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stations A, B and E (Fig. 9) could be located with certainty.

Heimans (1925, 1960) investigated the desmids. They were reinvestigated
by Coesel et al. (1978). Other hydrobiological investigations were carried
out by a multidisciplinary team, consisting of members of the Netherlands
Hydrobiological Society (Van Dijk et al. 1960). In addition, a long series
of papers in naturalist journals and other reports permit a reconstruction
of the developments in macrophyte vegetation during the course of this

century.
The ample documentation about the pool and its surroundings allows

a

more vreliable interpretation of changes 1in diatom assemblages and water

chemistry than is usually possible.

According to the soll map by Geenen (1977) the pool is situated 1in a
drift sand area. Originally the area was covered with forest, which was
transformed into heathland by man. The introduced sheep maintained the
heathlands for a long period. Due to overgrazing the heathlands were damaged
and a landscape of drifting sand dunes was the result. Although no soil
profiles have developed at the surface of the accidented terrain, fragments

of overblown podzolic profiles are present as became evident from a
reconnalssance borings (see also Geenen 1977).

few

The origin of the pool was discussed by Lorié (1918, 1922) and Dubois
(1917, 1919). Lorié hypothesizes an aeolian origin, while Dubois supposes
the pool to be formed by fluviatile activities. According to the morphometry

one would expect that Dubois' theory is most probable. Then the pool can

be

classified in the category of pools which 1s a remnant of snow water melting

valleys, distinguished by Broert jes (1977).



Photo 2

Achterste Gootven, from
the central southern shore
of basin II facing north-
east (J. van Osch, Oct.
1984) .
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Photo 1

Achterste Goorven, from
the central southern shore
of basin I facing north
(J. van Osch, Oct. 1984),



Photo 4

Achterste Goorven, from
the same place facing
southwest (J. wvan Osch,
Oct. 1984).
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Photo 3

Achterste Goorven, from
the eastern shore of basin
IIT facing west with J.
van Dijk making phytoso-
clological relevés (J.
Sloff, Aug. 1948).

e
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According to Geenen (1977) the pool was formed in the ©Late Glacial
(11.800-11,000 before present) during the Allerpd-interstadial as a wind
deflated pool, blown out by the prevailing SW-winds. The open water was
transformed into a bog as a natural process. The peat was excavated as a
fuel by local farmers. As early as 1509, regulations for excavating the peat
from the 'Goir', 'Goer' or ‘'Goor' existed (Posthumus 1911). The 'Goor'
comprised not only the Achterste Goorven, but included also the present
Voorste Goorven. In the State Archive at 's-Hertogenbosch documents were
found, in which private persons were allowed to excavate peat from the
'Goor' in 1724, 1746, and 1823. The peat diggers were allowed to construct
dams through the pool, to facilitate the transport of the peat; wusually
these dams had to be removed after completion of the work (Posthumus 1911).

At the western side, the Achterste Goorven 1is separated from the
Voorste Goorven by a narrow capriciously formed dam, which is only two
metres wide at the narrowest point. According to Heimans (1925) this dam has
not always been present. Indeed, it 1is absent on all topographical and
cadastral maps between 1835 and 1921. Thijsse (1927) mentions the artificial
appearance of the dam. Heimans explicitly mentions the presence of the dam,
already since the beginning of his investigations in 1916. As Lori& (1922)
omits the dam in his sketch, where the pool has the same outline as on the
old topographical and cadastral maps, one may really doubt if the dam has
been absent in the past age.

At the northwestern side Achterste Goorven 1s separated from the small
pool Diepven by a curved dam. This dam is clearly man-made. On the old maps
upto 1921 and in the sketch of Lorié the Diepven has an open connection with
the Achterste Goorven.

Both dams are planted with Scots pines of about the same age. I counted
the annual rings on stubs of pines which were apparently logged a few years
ago. As c. 92 rings were present both dams are probably more than c. 100
years 0old. There is palaeolimnological evidence that the dams were
constructed about 1880 (Dickman et al. 1987).

The Achterste Goorven is situated in a forest, which was planted in
1840, as can be concluded from old topographical maps (see also Van Hees &
Van den Wijngaard 1977). Prior to this time Calluna-heathlands and
vegetations of aeolian drift sands surrounded the pool.

Pinus sylvestris is the main tree species, but it is often mixed with
Quercus robur and Q. rubra. Picea sp. and Castanea sativa occur very
locally. Near the pool, where the water table 1s close to the surface,
Betula pubescens, and to a lesser extent Frangula alnus grow spontaneously.
Betula occurs also on some of the islands, which for the rest are overrun
with Myrica gale and Molinea caerulea. In the understory Vaccinium myrtillus
and Deschampsia flexuosa are the most important specles, especially on the
tops of the sand dunes. Molinia caerulea is dominating on wet solls
nearshore, but intrudes also into the vegetation of dry solls.

The vegetation in the understory of the pilne-forest on the spit between
the central and eastern basin is slightly different. Because the pines are
planted here further apart than elsewhere, the quantity of 1light permits
Calluna vulgaris to be present here, apart from the already mentioned
Vaccinlum and Molinia. The present state of the surrounding forest and its
vegetation does not differ from the earlier one, as described by Thi jsse
(1912) and Koster (1942).

The majority of the pines on the irregularly formed peninsula northeast
of station E was logged in 1950 (Westhoff & Van Dijk 1950) to promote the
growth of Narthecium ossifragum which was present
days but declined because of the afforestation, 1i
(Thijsse 1912, 1937). Narthecium was still reported
Dijk 1950, Van der Voo & Westhoff 1959), but has never been found later on.
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Fig. 3. Location of Gerritsfles. Sampling statlon indicated with a dot. (Topographical Map of The Netherlands, scale
1: 25 000, sheet 33A).

The vegetation of this peninsula is dominated by Molinia caerulea, Calluna

vulgaris and Erica tetralix, while a lot of saplings from Pinus and Betula
are present,

In winter the pool is often used as a skating-rink.

Gerritsfles

The pool Gerritsfles SPhotos 5-8) 1is situated 4.5 km SE from the
village of Kootwijk (52710'N, 5049'E), at a distance of 102 km from the
North Sea (Figs. 1,3). The surface area 1s c. 6.8 ha. The pool is only 20 km
SE of the former shoreline of the Zuiderzee, which was a brackish water area
upto 1932, when the enclosure dam cut off the Zuiderzee from the sea. After
that year the Zuiderzee (now IJsselmeer) turned into a shallow freshwater
lake. This change may have affected the composition of the rain feeding the
Gerritsfles,

The pool and its surroundings were acquired as a nature reserve in 1922
by the State Forestry Service.

The Gerritsfles is a classical site for hydrobiological research in The
Netherlands. After preliminary studies by De Beaufort (1913) the pool was
inventoried by a team under the guidance of Prof. Max Weber and Dr. J.
Romijn in 1918. Since then the pool, which 1s situated in a comparatively



Photo 7

Gerritsfles, from the
eastern part of the west-
ern shore looking to the
sampling station (J. van
Osch, Oct. 1984).
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Photo 6

Gerritsfles, at some dis-
tance from the western
shore looking to the
southeast (R. van Beek,
March 1975).

Photo 8

Gerritsfles, looking about
northwest over the south-
eastern part of the pool
(J. van Osch, Oct, 1984).
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remote area, was regularly visited by hydrobiologists, particularly Redeke &
De Vos (1932), Dresscher et al. (1952) and Van Dam et al. 1983 (see also
Higler 1979). The scientists were attracted by the nearly undisturbed
habitat, the presence of so-called glacial relict species, e.g. Eurycercus
glacialis and Dytiscus lapponicus, and the peculiar hydrology.

Schimmel & Ter Hoeve (1952) investigated the hydrology of the 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, common to poor, podzolised heathsoils overblown by drift sand. The
proper groundwater table is found actually about 15 m beneath the bottom of
the pool. The fluctuations of the water level in the pool are relatively
small, because excess water may leave the pool by periodic underground
overflowing via the ore-wall formed by the vertical extension of the iron
pan. Thus the composition of the water in the pool 1is independent of the
surroundings, which consist of sand dunes without apparent soil development
at the southwestern side of the pool and heathlands, presently mainly
covered with Molinia caerulea at the other sides of the pool. The Molinia
swards are situated on the podzols of cover sands according to the soil map
of The Netherlands (scale 1:50 000).

At the northwestern side a lot of grassland has its border only about
10 metres from the shoreline of the Gerritsfles, As this meadow does not
fall within the limits of extension of the iron pan it does not affect the
pool by drainage water. According to Schimmel (pers. comm.) the artificial
fertilizer, which was applied to the grassland could reach the Gerritsfles,
scattered by wind. Fertilizing was finished about 1965. The cows, which were
grazing in the meadow, used the pool for drinking water (Wigman 1932).

Until 1940 sheep came to drink about once a week at the southeastern
shore of the pool (Moerman 1934, Schimmel pers. comm.). Roedeer and boar
visit the pool regularly.

Although the pool and its immediate surroundings were a nature reserve
since 1922 the pool was nevertheless used for bathing by tourists, This
might have helped to eutrophy its water (Sloff 1928, Thijsse 1928, Wigman
1932, Bijlmer 1938, Boer Leffef 1959), but these bathing activities ceased
about 1965 (Bink & Schimmel 1975).

According to the topographical maps (scale 1:25 000) the pool was
situated in an entirely open landscape wuntil 1921. This situation was
recorded beautifully by the photographs in Tesch et al. (1926). On the maps
of 1899 bare sand dunes occurred on the southwestern side, while the rest of
the vegetation of the environment was heathland. According to Schimmel &
Mérzer Bruyns (1952) the heathland vegetation belonged mainly to the
Calluno-Genistetum. The grassland parcel on the northwestern side appears
for the first time on the map of 1928. On this map also some spontaneous
regrowth of trees at the southwestern side is registrated. The size of this
small forest lot increased in later years. Presently the former
Calluno-Genistetum is dominated by a Molinietum caeruleae.

The vegetation of the forest belongs to the Frangulo-Salicetum auritae
with mainly Betula pubescens and Salix aurita and also Prunus serotina.
Polytrichum commune and Molinia caerulea are dominant in the herb layer (Van
de Beld 1978).

At the northwestern shore of the pool 1is a marshy vegetation with
Molinia caerulea and Eriophorum angustifolium as dominant species (Schimmel
& Ter Hoeve 1952, Van de Beld 1978).
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Pig. 4. Location of Kliplo. Sampling station indicated with a dot. (Topographical Map of The Netherlands, scale
1: 25 000, sheet 174).

Kliplo

The pool Kliplo, also known as Kiplo or Kipelo (Photos 9, 10) is
situated 4 km east of the village of Dwingeloo (52050YN, 6°26'E) at a
distance of 117 km from the North Sea (Figs. 1, 4). The surface area 1is c.
0.6 ha.

It is a nature reserve, founded in the forestry 'Dwingeloo" in 1908.
The forestry includes a number of moorland pools, differing in chemistry and
biota (Coesel & Smit 1977).

Kliplo was studied intensively by Beyerinck (1926) in his classical
dissertation on the distribution and periodicity of freshwater algae in the
province of Drenthe. Most of the pools in this region harbour only a small
number of species of algae. Only a few 1localitles, including Kliplo,
appeared to be mines of algae. These findings inspired the members of the
Hydrobiological Club to make a more complete inventory of this relatively
small pool (see e.g. Redeke & De Vos 1932). Later on, the site was regularly
sampled by other investigators, which permits the construction of a time
series of plankton samples.

The pool is situated in an area of sand dunes, with a loamy layer in
the subsoil. The drift sands were probably formed in mediaeval times, by
overgrazing with sheep. The area was reafforested, mainly with Scots pines,
between 1910 and 1925. Most sands are dry and poor in humic substances and
loam, although the small heathland at the western side of the pool is



Photo 10

Kiiplo, seen from the
sandy beach at the south-
western side to the
northwest (R. van Beek,
May 1980).
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Photo 9

Kliplo, looking from the
southwestern shore to the
north. Between Potamogeton
natans (foreground) and
the belt of Phragmites
australls (background)
Sparganium  angustifolium
is wvisible (E.E. van der
Voo, c. 1960).

Photo 11

Tongbersven-West, looking
from the permanent sampl-
ing station southwest (J.
van Osch, Oct. 1984),



- 18 -

situated on a podzol, poor in lime (Vrielink et al. 1976).

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 is situated
beneath the surface of the water in the pool.

At the northwestern side is a remnant of a small ditch, which may have
been a pipe of a duck decoy. Probably the pool has been used for catching
ducks in the 19th century. This activity certainly introduced nutrients in
the pool (foddering etc.).

Brouwer (1968) states that already in 1939 the pool was used for
bathing by the 1local population and tourists. Also in later years
conservationists complained about this improper use of a nature reserve
(M6rzer Bruyns 1950, Glas 1958), but in 1971 the bathing was finished
definitively (Londo 1973, P. Kerssies pers. comm.).

In winter the pool is used as a skating-rink by the local youth.

The bathers entered the pool from the southeastern shore of the pool.
The bottom 1s sandy here, and continues outside the pool as a beach,
bordering at sand dunes in the pine forest, which is rather open here.

Also at the western side of the pool the vegetation is open. Directly
along the shore is a strip of quivering bog, c. 5-10 m wide and c. 50 m
long. The vegetation includes, apart from Sphagnum spp., Polytrichum and
other mosses, Andromeda polifolia, Oxycoccus palustris, Carex rostrata and
Eriophorum angustifolium (Wartena 1954, Glas 1958). Brouwer (1968) also
mentions the presence of three species of Drosera. West of this bog strip is
an open heathland with Empetrum nigrum, Calluna vulgaris, Erica tetralix and
Juniperus communis as important species. Spontaneous regrowth of Scots
pines, which occurred since 1925, was removed in 1965.

At the remaining sides, Kliplo 1is enclosed by trees. In the
southwestern and northeastern corners even small patches of carr with birch,
peat mosses and Molinia are present. At the northern side a few metres wide
belt of birches separates the pool from a dry pine-forest. At the southern
side the pool borders at a dry complex of Juniperus-heathland and bare sand
dunes, with birches overhanging the pool.

Tongbersven—West

The pool Tongbersven-West (Photos 11, 12) is situated 4 km east of the
village of Oisterwijk (51034'N, 5°14'E) at c. 8.2 m above NAP (mean sea
water level) at a distance of 146 km from the North Sea (Figs. 1, 2). The
surface is c. 0.46 ha.

It is a part of the nature reserve 'Kampina' which is very rich 1in
moorland pools. Hydrobiological aspects of a number of pools in this area
were studied by Van Dam & Kooyman—van Blokland (1978), Coesel et al. (1978)
and Van Dam (1983). The area was acquired in 1929 by the "Vereniging tot
Behoud van Natuurmonumenten in Nederland". The environment of the pool 1s
not open to the public, although a private person is allowed to use a small
cottage at the northern side of the pool as a weekend house.

The nomenclature of the pools in this reglon 1is very complex, as
pointed out by Van Dam (1973). Other names which are used for this pool
include Palingven-West (Glas 1957), Palingvennen and Tongbersvennen (Ver-
schoor 1977).

The pool was selected for our studies because it seemed particularly
sultable for the study of the hydrological relations between the pool and
its surroundings (Oostveen 1985), because the pool is rather small and the
surrounding vegetation and soils are rather homogeneous.

According to the soill map by Geenen (1977) the pool is situated in an



Photo 13

Groot Hasselsven, looking
from the southeastern
shore (near the sampling
station) to the northwest
(J. van Osch, Oct. 1984),
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Photo 12

Tongbersven-West, looking
southwest over the largest
pool (J. van Osch, Oct.
1984).
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area where the predominant soil type is a dry podzol, which is locally
covered with a layer of aeolian drift sand with a maximum thickness of less
than 4 dm.

Oostveen (1985) supposes that the pool is a remnant of a meltwater
valley. The dating of the origin is still uncertain. He also demonstrated
that the pool has an impervious bottom and has no contact with the aquifer.

Tongbersven-West is situated in a pine forest, which was planted after
1300 on the heathlands (Van Hees & Van den Wijngaard 1977). On the
topographical map (scale 1:25 000) which was revised in 1930, the northern
shore is indicated as a tree plantation, while spontaneous regrowth of trees
is indicated south of the pool. On the 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 1961 and later the pool is totally surrounded by forest. Pinus

re .
Laagield

T

Pig. 5. Location of Groot Hasselsven. Sampling station indicated with a dot. (Topographical Map of The Netherlands,
scale 1: 25 000, sheet 57E).

sylvestris is the main tree species. Locally Prunus serotina and Quercus
robur occur. Picea abies, Castanea sativa and Rhododendron are present
sporadically. Molinia caerulea and Deschampsia flexuosa dominate the
understory (see also Hofman & Jansen 1986).

Groot Hasselsven

The pool Groot Hasselsven (Photo lg) is siguated in the Leenderbos, 3
km SW of the wvillage of Leende (51 20'N, 5 30'E) at c. 26.3 m above NAP
(mean sea water level) at a distance of 161 km from the North Sea (Figs. 1,
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Pig. 6. Nature reserve "Hasselsvennen” in October 1955 (Unpublished Map of State Forestry Service). 1 = dry heath
(Genisto pilosae - Callunetum), 2 = wet heath (Ericetum tetralicis), 3 = moorland pool (open water), 4 =
marsh, 5 = Scots pine (spontaneous regrowth), 6 = birch or oak, 7 = sampling station.

5). The surface area is ¢. 1.3 ha.

It is a part of the nature reserve ‘'Hasselsvennen' (Fig. 6), which
belongs to the State of The Netherlands since 1931. The direct surroundings
of the pool are not open to the public. The pool was selected for our
studies because it appeared especially suitable for the study of
hydrological relations between the pool and its surroundings, because of its
small area and the rather homogeneous soil and vegetation around the pool,
Hydrological studies by Oostveen (1985) demonstrated that the pool has no
contact with the aquifer and is fed by precipitation and - to a limited
extent - by surface runn-of,

According to the soil map of The Netherlands the pool 1s situated in an
area with wet podzols as the predominant soil type.
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Until the 1930s the pools of the nature reserve Hasselsvennen were in a
vast area of heath and moorland. Beginning in the late 19th century the
largest area of these unproductive soils was reclaimed for agriculture.
Also at the northeastern side and the southern and southwestern sides of
Groot Hasselsven some parcels were indicated as arable land on the cadastral
maps of the 1late 19th and early 20th centuries. The area surrounding the
Hasselsvennen—-reserve was planted with trees, mainly Scots plnes, from 1932
to 1941 (Iven & Van Gerwen 1974).

On the sketch-map of the vegetation in 1955 (Fig. 6) there 1is no
special signature for associations of Molinia caerulea, which is very common
now in the moorland around Groot Hasselsven. The former Ericetum at the
western and northern side of the pool is now a sward of Molinia caerulea.
The former Callunetum east of the pool is a stand of Erica tetralix, Calluna
vulgaris and Molinia caerulea now. Only in a small area south of the pool,
near the sampling station, the Ericetum is still free of Molinia.

The belt of marshy vegetation is inundated at high water 1levels in
winter and spring and 1is wunited with the pool at that time. The most
conspicuous plant species of the marshy zone is Juncus effusus, which is
present all around the pool. On the outer side it is mixed with Molinia
caerulea. The common rush 1s accompanied by the moss Drepanocladus fluitans
nearly everywhere., Juncus bulbosus is also regularly present near the open
water., Clumps of Phragmites australis are present in the NW area of this
zone. Scattered stems of common reed are present in the rush belt at the
western side of the pool.

Van Donselaar (1957) recorded essentially the same zonation in the
marsh at the western side, although Phragmites appeared to be more common at
that time. He recorded prolific growth of Juncus bulbosus and Sphagnum
cuspldatum between the reed.

Juncus effusus, Phragmites australis and Drepanocladus fluitans are
indicators of eutrophication. According to Iven & Van Gerwen (1974) the
eutrophication was caused by a colony of black-headed gulls (Larus
ridibundus). In the 1940s numerous gulls were present, in the 1960s only
some tens of pairs were breeding 1n the marsh. Finally the last birds were
dislodged in 1970 (Iven & Van Gerwen 1974).

3.2 MORPHOMETRY

Achterste Goorven

The results of the survey of bathymetry and sediment thickness on 11,
12 and 13 September 1984 are presented in Figs. 7-9 and App. 1-3. The water
level on these days was 6 cm below the average water level recorded during
the period 1979-85 (8.34 m + NAP). Data on area, volume and other
morphometric parameters are presented in Tables 2-4 and depth-area
(hypsographic) and depth-volume curves are presented in Figs. 10-13.

Achterste Goorven has a complex morphology. It consists of a series of
smaller and larger basins interconnected by natural channels and man made
ditches. Especially in basin III (Fig. 8) a number of small (natural?)
{slands occur. Consequently the shore line development is as high as 3.98
(Table 3).

The area and volume at mean water level were calculated bg
extrapolation from Figs. 10 gnd,ll respectively. The mean volume 1is 14.5x10
m~ and the mean area 23.5x10” m”. Consequently the mean depth at mean water
level is 0.62 m (Table 3). The mean depth of basin III, where sampling
station E is situated, is only 0.54 m
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Pig. 10 (top). Achterste Goorven (solid line), Gerritsfles (broken line), Kliplo (dotted line) and Tongbersven-West
(dashed-dotted line). Water depth vs, area at mean water level.

Fig. 11 (bottom). Achterste Goorven (solld 1line), Gerritsfles (broken line), Kliplo (dotted line) and
Tongbersven-West (dashed-dotted line). Water depth vs. volume at mean water level.
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Fig. 12 (left). Achterste Goorven (solid line), Gerritsfles (broken line), Kliplo (dotted line) and Tongbersven-West
) (dashed-dotted line). Water depth vs., relative area at mean water level.

i 13 (right). Achterste Goorven (solid 1line), Gerritsfles (broken line), Kliplo (dotted line) and
& Tongbersven-West (dashed-dotted line). Water depth vs. relative volume at mean water level.
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Achterste Goorven. Area per basin and total volume (11-13 September 1984).

Area per basin (mz)

Level

above Depth

NAP z II

(m) (m)

8.28 0.00 2544 10364

8.03 0.25 2367 8725

7.78 0.50 1380 7407

7.53 0.75 462 4622

7.28 1.00 0 2421

7.03 1.25 0 888

6.78 1.50 0 108

6.49 1.79 0 0
Table 3

Achterste Goorven. Morphometric data on 11-13 September 1984 (water level 8.28

m + NAP).

Basin

Area (mz)

Volume (m3)

Max. depth (m)

Mean depth (m)

z,zmax

Length of shore line (m)

Shore line development

Table 4

III

6384
5352
3590
584
108

2544
1370
0.96
0.54
0.56

210
1.17

v

1710
1371
871
134

[oNeNeNe]

I1

10364
7338
1.79
0.71
0.40

625
1.73

1846
927
514

[oNeNeNael

6384
3207
1.11
0.50
0.45

750
2.65

total
pool

22847
18743
13762
5901
2530

108

Iv

1710

808
0.86
0.47
0.55

200
1.36

Volume (m3)

1846

616
0.84
0.33
0.39

350
2.30

total
pool

13314
8115
4052
1594

540
113
16
0

total
pool

11847
13314
1.79
0.58
0.32
2135
3.98

Achterste Goorven (AGO), Gerritsfles (GER), Kliplo (KLI) and Tongbersven-West (TON)a. Morphometric data.

Area (m2) A 2
Volume (m3) v 1
Max. depth (m) zma§
Mean depth (m) z
Relative depth (Z) z,
z/zmax -
Length of shore line (m) L
Shore line development DL

aDepth of Tongbersven-West is measured from water surface to mineral soil,

measured to mud layer.,

At bathymetric survey

AGE

2847
3314
1.79
0.58
1.05
0.32
2135
3.98

GER

65093
38346
1.10
0.59
0.38
0.53
1800
1.97

KLI

5984
3909
1.00
0.65
1.15
0.65

310
1.13

TON

4599
4563
1.89
0.99
2.47
0.52

430
1.79

AGO

23500
14500

1.85
0.62
1.07
0.34

depth

At mean water level

GER KLI
67800 6200
45800 5100

1.24 1.14
0.68 0.82
0.42 1.25
0.54 0.72
of other

pools

TON

4380
4100
1.74
0.94
2.33
0.54

is
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Table 5

Gerritsfles, Kliplo and Tongbersven-West, Area and volume?.

Gerritsfles Kliplo Tongbersven-West

18 and 19 September 1984 10 September 1984 8 January 1985
Level z A A Level z A v Level z A v
(m+ NAD)  (m) @) ) @+ M) (@) @) @) @+ ) () @) @)
664697 - 12.84 0 5984 3909 8.28 0.00 4599 4563
39.77 0 65093 38346 12.59 25 5336 2494 7.78 0.50 3620 2513
39.52 0.25 57061 23077 12.34 50 4318 1288 7.28 1.00 2673 950
39.39 0.38 46831 16538 12.09 75 2966 377 7.08 1.20 1963 488
39.27 0.50 38351 11260 11.84 100 51 0 6.88 1.40 1204 176
39.02 0.75 21746 3748 6.68 1.60 318 36
38,77 1.00 5883 294 6.48 1.80 41 2
38.67 1.10 0 0 6.39 1.89 0 0

aDepth of Tongbersven-West is measured from water surface to mineral soil, depth of the other pools is measured to
the mud layer.

hArea including dry bottom (hatched area in fig. 15).

Depth of the mineral soil (Fig. 7) and waterdepth (Fig. 8) have a
rather similar distribution. The deepest parts are in basin II, where the
maximal water depth is 1.85 m. To the east the depth is generally decreasing
(Table 3, Figs. 7 and 8), The thickness of the sediment layer (Fig. 9) is
highly unevenly distributed. The thinnest parts are only 1 dm thick, the
thickest parts more than 1 m. The thickest sediments are found at
wind-sheltered places.

Gerritsfles

The results of the survey of bathymetry and sediment thickness on 18
and 19 September 1984 are presented in Figs. 14-16 and App. 4-6. The water
level on these days was 14 cm below the average level recorded during the
period 1979-85 (39.91 m + NAP). Data on area, volume and other morphometric
parameters are presented in Tables 4 and 5. Depth-area (hypsographic) and
depth-volume curves are presented in Figs. 10-13.

The morphology of Gerritsfles is less complex than that of Achterste
Goorven. One large and three small 1islands are present. The shore line
development is half that of Achterste Goorven.

The area and volume at mean gatﬁr level, ca%cu ated by extrapolation
from Figs. 10 and 11, are 67.8x10” m~ and 45.8x10” m~ respectively. The mean
depth at mean water level is 0.68 m (Table 3). Depth of mineral soil and
waterdepth (Figs. 14-15) have a rather similar distribution. The deepest
part is in the center, east of the largest 1sland, where the maximal water
depth 1is 1.24 m. The shallowest parts are in the NE-branch, where the
maximum depth i1s 0.81 m only. The sediment layer is generally less than one,
or only a few decimetres thick. The thickest sediments are at the western
(wind sheltered) shores. In the western bay the sediments are locally c. 9
dm thick. This sediment is not uniform, but consists of a series of layers
of organic sediments, separated by layers of sand, which was blown into the
pool. Only at a few places the mineral bottom 1s visible between the
unconsolidated sediment nearshore.

Kliplo
The results of the survey of bathymetry and sediment thickness on 10

September 1984 are displayed in Fig. 17 and App. 7. The water level on this
day was 14 cm below the average level recorded during the period 1982-85
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DIEPTE VAN DE MINERALE BODEM (cm WATERDIEPTE (cm)

DIKTE DETRITUSLAAG (cm) PLANTESOORTEN OP PEILPUNTEN
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KLIPLO BIJ

Opname op 10 september 1984

Opname J C Buys H van Dam
A Merlensen W C G. Uostveen

Pig. 17. Kliplo, September 10, 1984. A, Generalized depth of mineral soil in cm below water level. B. Generalized
bathymetric map (depth 1in cm). C. Generalized thickness of mud layer (cm). D. Plant species on gauging
stations. Water level 12.84 m + NAP. Dot = permanent sampling station, cross = chemical sampling station
LUW.

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

The morphology of Kliplo is simple. Only one small island 1s present.
The shore 1line development (1.13) 1s only slightly higher than the
theoretical minimum value (1.00).

The area and volume at meap water level, calculated by extrapolation
from Figs. 10 and 11 are 6200 m~ and 5100 m~ respectively. The mean depth at
mean water level is 0.82 m. Consequently Kliplo has the largest mean depth
of the investigated pools (the mean depth of Tongbersven-West is 0.94 m, but
includes a thick mud layer). Depth of mineral soill and waterdepth (Fig. 17)
have a different pattern. The surface of the sediment layer is like a soup
plate. The surface of the mineral bottom has a deep depression (maximal 1.96
m below mean water level) near the quaking bog at the western side.
Presumably this depression extends under the quaking bog. Here the sediments
are up to 1.24 m thick. At the SE-sandy shore the sediment is absent.
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Opname op 8 januari 1985

Opname: j.C.Buys en
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Ej(rllveen
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DIKTE TRILVEEN (cm)
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Fig. 18, Tongbersven-West, January 8, 1985, A. Depth of mineral soil in cm below water level. B. Bathymetric map
(depth 1in cm). C. Thickness of quivering-bog layer in cm (italics), thickness of mud layer in cm (normal).
Shortly dashed line: borderline between open water and quivering bog. Long-dashed lines: borderline between
inundated lagg zone and quivering bog. Water level 8.28 m +NAP. Dot = diatom monitoring station, square =
western diatom sampling station, Cross = chemical sampling station LUW.

Tongbersven-West

The results of the survey of bathymetry, sediment thickness and
thickness of the quivering bog on 8 January 1985 are presented in Fig., 18.
The water level on this day was 9 cm above the mean level recorded over the
period 1983-84. Data on volume, area and other morphometric parameters are
presented in Tables 4 and 5. Depth-area (hypsographic) and depth~volume
curves are presented in Figs, 10-13.

The morphometric parameters of Tongbersven-West cannot be compared
directly with those of the other pools. Below the quivering bog in a large
area of the pool the thickness of the mud layer could not be measured with
the method used. Therefore, all morphometric parameters include the
thickness of the mud layer, which can be considerable. The maximum measured
thickness of the mud layer was 85 cm, the minimum 7 cm. Oostveen (1985)
estimates the mean thickness of the mud layer to be 40 cm, which reduces the
mean water depth to 56 cm. The quivering bog has a mean thickness of 54 cm,
although the boundary between the bog and the underlying Sater is difficult
to assess. The area of the open water is 1300 m“ (Oostveen 1985).
Consequently the area of the quivering bog (including the relatively narrow
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lagg zone) is c. 3100 m2.

The area and volume atzmean water _level, calculated by interpolation
from Table 5 are 4380 m~ and 400 m~ respectively. The mean depth at mean
water level is 0.94 m (Table 4). The maximum depth of the open water
(measured to the top of the sediment at mean water level) is 1.16 m and is

found in the largest open water area.

Groot Hasselsven

No bathymetric map of this pool has been made. The bottom of this pool
is very flat. During the summers of 1982 and 1983 the depth of the water in
the largest part of the pool was estimated to be only 2-4 dm. In winter the
depth 1s c. 5-6 dm.

HYDROLOGY

3.3.1 A simple hydrological model

The pathway of the water before it enters a lake or pool 1s a key
factor in understanding acidification of surface water (e.g. Van Breemen et
al. 1983, Stumm et al. 1983, Schnoor & Stumm 1985)., The rate of
acidification of lakes in a similar geological setting is highly dependent
on hydrology (Bache 1984, Likens 1984, Driscoll & Newton 1985, Peters &
Murdoch 1985).

Before the present research was started it was already known that
Gerritsfles has a perched water table, i.e. the water body is isolated from
the regional groundwater and its watershed is hardly larger than the pool
itself. Also Kliplo is isolated from the regional groundwater (Bakker 1984,
Bakker et al. 1986). The same is true for Tongbersven-West (Oostveen 1985).
Achterste Goorven was selected for our studies because it was expected, both
from its topographical situation and from earlier chemical measurements (Van
Dam et al. 1981), that it might be a groundwater fed pool (see also Ter
Hoeve 1949).

No observations of the groundwater table near Achterste Goorven are

Area Volume
i _~ Amax V max
. mean V mean
el — Am|n min

—— overflow
water surface
e impervious horizon

”Hl“”“ organic sediment

.' sand

I

aquifer

vt

Fig. 19. Schematic cross section of a moorland pool with maximum, mean and minimum water levels.
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available. Nevertheless it is possible to get an answer to the question 1if
this pool 1is 1isolated from the regional groundwater table or not by the
study of its chloride budget, as chloride is considered to be geochemically
and biologically inert.

A moorland pool with a perched water table and without visible in - or
outlet can be represented as in Fig. 19. The area of the water surface and
the volume of the pool at different water levels are defined as in Fig. 19.

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

F, = PA _C, (1)

i max p
where P is the annual amount of precipitation per square metre and C_ 1is the
concentration of chloride in precipitation. A (the maximal areg of the

water surface) is used as a substitute for the catéhment area. The annual
output of chloride (FO) can be approximated by

F, = (PAmax - EA ; )C_» (2)

where E is the annual evaporation of an open water surface per square metre
and C is the concentration of chloride 1in the overflowing water.
Evaporagion is supposed to be most important during summer, when the water
level 1is low. As the overflow takes place at maximum water level, C_ can be
approximated by °
Co - Cevmean/vmax’ (3)

where C 1is the estimated mean chloride concentration of the surface water.
In a stéady state Fi = FO and combination of the expressions above gives:

C = -t — . T . C (4)

The input and output parameters of this model, and also the water renewal
time:

Tr - Vmax/(PAmax—EAmin) (%)

are given in Table 7.

The model can be calibrated on Gerritsfles, Kliplo, and Tongbersven-
West, because these pools are known to be isolated from the regional
groundwater table. For Tongbersven-West a modification is necessary, because
of the uncertainty 1in the thickness of the sediment and the presence of a

Table 6

Normal amount of precipitatig? (P) and open water evaporation, according to the
Penman formula, (E ) in mm a for nearest climatological stations to the pools
over the period 1991-1980 (Anonymus 1982).

Pool Precipitation station P Evaporation station Eo
Kliplo Dwingeloo 821 Eelde 632
Twente 622

627

Gerritsfles Kootwi jk 853 Deelen 662
Achterste Goorven Tilburg 735 Gilze-R{i jen 685
Boxtel 743 Eindhoven 690

739 688
Tongbersven—West Boxtel 743 Gilze-R{ jen 685
Eindhoven 690

688

Groot Hasselsven Leende 753 Eindhoven 690




Table 7

In- and output parameters of the hydrological model.

Parameter A. Goorven Gerritsfles Kliplo Tongbersven-W.
ALl (nd)? 25000 69900 6300 4599
Antn (a2)? 22200 63800 5800 4070
Voox (m)? 17170 52300 5900 1816
3
Voean (®) 14500 45800 5100 1365
P (m) 0.739 0.853 0.821 0.743
E (m)° 0.688 0.662 0.627 0.592
¢, (mol n ) 0.069 0.084 0.090 0.069
¢, (mol ) 0.47 0.33 0.35 0.31
¢, (mol a %) 0.44 0.27 0.33 0.25
T, (a) 5.4 3.0 3.8 1.8
a
Vmean from Table 4. Amin’ Amax and Vmax calculated from Figs.

10 and 11, using mean lowest and mean highest water levels in
the periods 1979-85 (Achterste Goorven, Gerritsfles) and 1982-
85 (Kliplo). For Tongbersven-West the lowest and highest water
levels over the period 1983-84 were taken from Oostveen
(1985). See further text.

bE = E0 (Table 6), except. for Tongbersven-West, where E =

0.86E° (see text).

®Mean over 1982-84 in precipitation collectors near pools

(H.F. van Dobben, pers. comm.).

quaking bog. Oostveen (1985) estimatgs the volumes of the mud layer and the
quaking bog to be 1680 and 1779 m™ respectively, According to Vegt (1978)
the water storage capacity (s) of a peatmoss dominated quaking bog 1is «c.
0.4, Thus the volumina of Tgngbersven—West (Table 5) have to be reduced with
(1680 + (1-0.4) x 1779) m~ before the model can be applied. Another
correction 1is for the evaporation of the quaking bog, which differs from an

Table 8

Sensitivity_gualysis of estimated chloride concentrations
(C ) (mol m ”) and water renewal times (T ) against differ-
ence between annual precipitation and evaporation of an open
water surface (P-E) and storage capacity of quaking bog (s).

P-E
s 0.05 0.10 0.15 0.20 0.25
A. Goorven c 1.0 0.48 0.35 0.28 0.23 0.17
T: 1.0 5.4 4.0 3.2 2.6 2.0
Gerritsfles C 1.0 0.68 0.49 0.39 0.32 0.27
T 1.0 6.2 4.5 3,5 2.9 2.4
Kliplo c 1.0 0.77  0.54 0.42 0.34 0.29
T: 1.0 8.4 6.0 4.6 3.8 3.2
Tongbersven-W C 0.6 0.30 0.25 0.22 0.19 0.18
T 0.6 2.2 1.8 1.6 1.4 1.3
¢t 0.4 0.32 0,26 0.23 0.20 0.18
T¢ 0.4 1.8 1.5 1.4 1.2 1.1
¢t 0.2 0.29 0.24 0.21 O0.18 0.17
T: 0.2 2.5 2.1 1.9 1.6 1.5
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open water surface. A reasonable estimate for the evaporation coefficient of
quaking bog surfaces is c. 0.8 (Vegt 1978, Bakker 1984 and literature cited
herein). This is similar to the evaporation coefficient of the wet forest
plots,, which do occur in small patches of the quaking bog. As there is c.
1300 m™ of open water and c. 3200 m“ of quaking bog in the pool the mean
evaporation coefficient is 0.86. Thus the effective evaporation for
Tongbersven—-West is 0,86 E = 0.86 x 0,688 m = 0,592 m.

The model 1is sensitive to changes in the values of the input
parameters. In Table 8 the sensitivity to changes in the effective
precipitation and the storage capacity of the quaking bog (Tongbersven-W.
only) is shown. It appears that comparatively small changes in the effective
precipitation can have considerable effects on the calculated concentration
of chloride. As the evaporation was not measured in situ, but estimated from
data from stations some tens of kilometres away, this is a weak point in our
calculations. Another weak point is the calculation of volumes at different
levels. Three of the four pools were surveyed at a moment when water level
was rather 1low and the volumes at mean and mean maximum level had to be
extrapolated. Especlally for the large pool Gerritsfles, with its very
gently sloping bottom, this is tricky. Furthermore, chloride concentrations
from only one station in each pool were used and there may be spatial
variation 1in each pool. Also an infinitesimal model would be more precise
than a discrete model.

Nevertheless our observations allow the conclusions that the chloride
concentration of Achterste Goorven corresponds well with that of an isolated
pool of similar shape and size. It is conceivable that this pool is not fed
by groundwater 1influx. This is not accordance with the conclusions of Ter
Hoeve (1949) who studied the regional groundwater pattern in the area of the
pools near Oisterwijk. He supposed that the bottom of Achterste Goorven is
moderately to strongly permeable.

years Fig. 20
6_ Relationship between water renewal time and
chloride concentration (T_= 17.1 C1~ - 2.0,
r = 0.97, p < 0.05). r
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As no morphological data of Groot Hasselsven are available the water
renewal time cannot be calculated with the model. Fig. 20 the relationship
between the chloride concentration in 1983-84 and the calculated water
renewal time. As the meag chloride concentration of Groot Hasselsven over
this period was 0.22 mol m the water renewal time 1is 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 results are presented in App. 8 and Fig. 21. The mean
quarterly level over the period November 1979-February 1985 was 8.34 m +
NAP. The annual amplitude (only 4 observations each year) is wusually less
than 0.3 m. Large fluctuations, especially during periods with a high net
precipitation, are softened by the presence of an outlet to Voorste Goorven,
which 1is effective at water levels above 8.28 m + NAP (= 0.06 m below mean
water level).

The outlet is a culvert with a diameter of c¢. 0.2 m through the dam
which separates the pool from Voorste Goorven. Formerly the outlet existed
either as a culvert or as a small ditch, but did not always function
properly (Heimans 1925, Koster 1942, Van Dijk et al. 1948, Glas 1957).

Van Dijk et al. (1948) draw in their map also a small ditch, connecting
the Diepven with Achterste Goorven with basin I (Fig. 9) of Achterste
Goorven. This connection presently does not exist; no traces are left in the
field and 1its former presence may be wondered, because the water level of
Diepven is 8-10 dm higher than that of Achterste Goorven. Apparently Diepven
has a perched water table and a ditch to Achterste Goorven would have
drained Diepven for the largest part.

The three pools forming basin IV and V (Fig. 8), are interconnected by
ditches and drain into basin III of Achterste Goorven by a man-made ditch
too.

No exact records exist about water 1levels in the past. However,
Schuiling & Thijsse (1928) mention that during the dry summer of 1911 and
more strongly during the extremely dry summer of 1921 (De Bruin 1979) large
parts of the pools near Oisterwijk dried up. Still in the summer of 1922 the
water level was very low. In pools which were exposed to wind the bottom was
blown away partly. On a photo of Achterste Goorven in Zoetmulder (1922),
which was very probably taken in the summer of 1921 the water 1level 1is c.
0.5 m lower than the present mean water level. According to the unpublished
notes of Heimans it was possible to walk right across the pool 1in August
1921. Thus the water level was probably 0.7-0.8 m lower than the present
mean level (Fig. 8).

During the extremely dry summer of 1976 (Schuurmans 1977) 1 was
privileged to follow the footsteps of my highly esteemed predecessor.

From the hypsographic curve (Fig. 12) it appears that in extremely dry
years as 1921, 1959 and 1976, when the water level will be c. 0.7 m below
the mean water level, the area of the pool is reduced to c. 25% of its area
at mean water level. In the eastern basins, the shallowest ones, this
proportion will be even lower. The volume will be reduced to only c. 10% of
the normal volume (Fig. 11).



- 39 -

0.2 - Water level
(m above mean)

pH-field |
8 1
|
6 -
i ) ;
2_
150 - Alkalinity 1500_50,4
(ME) i (uE)
100 1000+
50 1 5001
0 4
N T T (1] ’ T —3
<Caz+ A'3+
(uE) 300+
400 -
i 200-
200
100
0 H T T 0 T T
+
400 NHL‘ 40+ Colour B
](pE) {mg Pt 1" ")
i
200 ~ 204
] W
0 Bﬁjr thl E T T T T Y T ﬁ - 0 - T T T s -;— L
'74 '75 '76 '77 '78 '79 '80 '81 '82 '83 ‘84 ‘74 '75 '76 '77 '78 '79 '80 '81 '82 '83 '8y

Fig. 21. Changes in median annual values (bars) and intervals (lines) of selected physical and chemical parameters
in Achterste Goorven (station E) (finely dotted bars), Gerritsfles (hatched bars) and Kliplo (coarsely
dotted bars) from 1974 through 1984,
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Gerritsfles

Regular observation of the water level was started in October 1979.
Records were made each month wuntil June 1980 and quarterly since. The
results are presented in App. 11 and Fig. 21. The mean quarterly level over
the period November 1979-February 1985 was 39.91 m + NAP. The annual
amplitude in 1980 and 1981 was c. 0.15 m. In the dryer years 1982 and 1983
the amplitude was much larger (nearly 0.5 cm).

Schimmel & Ter Hoeve (1952), who give a thorough description of the
hydrology of the pool, which 1is <¢. 15 m above the regional groundwater
table, recorded the water level at four different occasions between August
1947 and February 1951. In August 1947, during a rather d.y summer (De Bruin
1979, Schuurmans 1976) the water level was 39.50 m + NAP. This is 0.30 mn
lower than the mean August level from 1980 to 1984 and 0.11 m lower than the
lowest level which was recorded during our observation period (November
1982). According to Fig., 12 c¢. 20%Z of the bottom area of the pool was
exposed to the atmosphere at that moment, while the pool had only 45% of its
mean volume (Fig. 13). On February 7, 1951 Schimmel & Ter Hoeve recorded
40.35 m + NAP, which is 0,33 m higher than the average February level in our
observation period and 0.25 m higher than the maximum level we recorded
(February 1980). The mean of these two extreme values from Schimmel & Ter
Hoeve is 39.93 m + NAP and close to the mean level of 39.91 m + NAP over the
period November 1979-February 1985. On September 1, 1949 the level was 39.71
which is not far from the average August 1979 - 1984 level. Thus on the long
run, no serious changes in the water 1level of Gerritsfles seem to have
occurred.

Kliplo

Quarterly observation of the water level started in February 1982. The
results are presented in App. 12 and Fig. 21. The mean level over the
observation period was 12.98 m + NAP. The mean annual amplitude was 0.34 m.

In the northwestern corner of the pool, 10 m northeast of the small
island, the pool has a protuberance, which is the remnant of an old ditch.
The treshold of this ditch is at c. 13.33 m + NAP, which is 0.19 m higher
than the maximum level that was recorded. It cannot be excluded that
occasionally this ditch acts as an overflow.

According to Beijerinck (1926) Kliplo is constantly filled with water.
In recent dry years a large part of the bottom was still covered with water.
In the extremely dry year 1959 people did still bath when the water attained
its 1lowest level (P. Kerssies, pers. comm.). On August 10, 1976 Mr. H.van
der Putten observed that the pool was still deeper than 0.5 m (B. Hoentjer,
pers. comm., see also Van Gijsen & Claassen 1978). As the maximum depth at
mean water level is 1.14 m (Table 4) the water level during these episodes
was approximately 0.5 m below the mean water level. According to Fig. 12 the
area at that level is still 807 of the mean area of the pool. The volume is
reduced to 40%7 of the volume at_gean water level (Fig. 13). As the mean
chloride concentration is 327 mmol m (Table 17) the expected concentration
at this volume is 818 mgol m ~. The concentrations on 760823 and 761006 were
621 and 818 mmol m respectively (App. 12). This corroborates the
observation of the water level in August 1976.
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Tongbersven-West

Fortnightly observations of the water level were carried out by
Oostveen (1985) from July 1983 until July 1984. The mean level was 8.17 m +
NAP, the minimum level (8.01 m + NAP) was attained at 830902, the maximum
level (8.31 m + NAP) at 830614, before the fortnightly observations started.

No data about water levels in the past are available.

Groot Hasselsven

Fortnightly observations of the water level were carried out by
Oostveen (1985) from June 1983 until July 1984. The mean level was 26.27 m +
NAP, the minimum level (25.98 m + NAP) was attained at 831111, the maximum
level (26.50 m + NAP) at 830615,

On the manuscript of the chromotopographical map scale 1 : 25000 fronm
1835 (Topographical Survey, Emmen) the surface area of the pool 1is
considerably larger than in recent years. On the topographical maps 1: 25000
from 1898 and 1927 the area of the pool is c. three times as large as the
present one, which indicates a higher water table in the past. On the maps
surveyed 1in 1950 and 1961 the area of the pool is c. one fourth of the area
on the map from 1970.

The pool desiccated in the dry summer of 1973. The bottom was heavily
cracked (Iven & Van Gerwen 1974). It is evident that the pool also dried up
in the extremely dry summer of 1976.

3.4 CHEMISTRY

3.4.1 Comparison of methods

As already stated in section 2.4 samples were analysed by two
laboratories. Chemical samples for long-term monitoring in the pools
Achterste Goorven, Gerritsfles and Kliplo were analysed by the
"Waterleidingbedrijf Midden-Nederland" (WMN). Samples for short—term
monitoring in Gerritsfles, Kliplo, Tongbersven-West and Groot Hasselsven
were analysed by the Department of Soil Science and Geology of the
Agricultural University (LUW).

Thus for Gerritsfles and Kliplo parallel series were available for
comparison. Sampling stations of LUW were close to the permanent stations of
the long-term series (Figs. 15, 17). The samples of both series which are
compared in Table 9, were taken about the same days. Moreover, eight
parallel samples from other pools are available for comparison. These
samples were taken at the same moment from the same bucket.

In Table 9 the average values for the three groups of samples for both
laboratories and the grand mean of all samples for each parameter are given.
Results of regression analysis for two models are given in Table 10.

No appreciable differences are found for pHl, EC251, sodium, potassium,
calcium, magnesium, aluminium, manganese, and chloride in mean values for
all pools, although considerable differences are sometimes found between
individual samples, especially for aluminium.

As a whole the mean values for iron correspond well, but in Gerritsfles
and Kliplo the LUW values are much smaller than the WMN values, while the
reverse 1s true for the other pools.

In the LUW sample from Achterste Goorven E very high values are found
for some of the parameters which are not very deviating in other samples
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Table 9

Comparison of chemical data from Agricultural University, Department of Soil Science and Geology (L) and "Waterleidingbedri jf
Midden-Nederland" (W), ? : apparently erroneous data, excluded from calculation of mean values and regression analysis, !:
outlier, excluded from regression analysis.

POOL WDATE LDATE WCOLOR WKMNO4u LDOC WSIO2 LSIO2 WEC251 LEC251 WpHf LpHf WpHL LpHl WC02 LCO2 WNA LNA WK LK WNH4 LNH4

- - - ogPt/1l mg/l esee.mmol m—3.... nS/m  mS/m - - - - caecescissesesmmol m-3.............
G 830517 830527 11 18 412 8 0 8.0 7.9 4.1 4.50 4,8 4.3 91 75 174 176 23 20 133 143
G 830817 830819 12 30 585 22 6 9.7 9.0 4.0 4.55 4.5 4.7 136 0 239 213 33 33 155 172
G 831116 831118 9 29 656 5 1 9.6 8.4 4.9 5.35 5.2 5.3 114 222 261 211 38 31 261 278
G 840216 840217 14 20 357 1 5.9 6.3 5.1 4.85 5.6 5.0 136 44 174 183 28 27 161 192
G 840518 840517 10 21 1874 13 1 7.3 5.5 5.5 5.55 4.6 5.4 114 4617 174 170 26 27 155 195
G 840814 840817 9 18 617 13 6 7.6 8.1 3.9 5.15 4.5 4.5 114 82 196 187 26 29 144 146
G 841113 841114 3 8 1169 S 1 6.9 6.1 4.4 4,40 4,4 4.6 114 66 174 161 18 8 94 142
K 830517 830527 34 50 1089 1 0 6.3 5.5 5.3 - S.4 4,7 136 295 239 241 26 22 47 76
K 830817 830818 41 80 1062 13 7 6.6 7.1 4.4 - 5.2 5.2 204 196 261 243 26 26 19 6
K 831115 831125 32 50 1387 3 1 6.4 6.8 5.5 - 5.7 5.7 159 212 261 317 36 31 94 38
K 840216 840217 31 42 735 2 1 6.5 6.4 4.6 - 5.3 5.8 182 229 261 257 33 41 72 90
K 840518 840517 22 55 1285 30 1 6.4 6.3 5.2 - 4.8 5.8 136 165 261 267 36 41 36 74
K 840814 840817 21 55 1029 25 5 S.7 5.9 4.8 - 5.2 5.3 227 140 261 250 23 23 6 4
K 841113 841114 19 38 649 13 1 5.4 5.9 5.2 -~ 5.3 5.6 136 86 261 243 28 28 17 33
D 820929 820929 43 50 1540 17 15 8.6 8.3 4.5 - 4.4 4.8 409 107! 304 303 64 65 67 111
P 820929 820929 44 85 1970 1 6 6.4 6.4 4.5 - 4.5 4.7 295 177! 283 302 56 54 4 39
Z 820929 820929 85 70 1540 50 46 8.0 8.0 S.4 - 5.5 5.4 114 100! 326 324 61 67 155 150
H 821001 821001 2 4 190 1 9 12.6 13.0 3.9 - 4.1 3.8 159 59! 304 293 36 41 6 79
M 821001 821001 80 120 1920 83 66 5.2 5.3 4.4 - 4.7 4.9 227 78! 174 217 36 42 14 107
§ 821001 821001 4 6 460 17 19 5.3 5.2 4.3 - 4.5 4.1 227 138! 130 156 10 14 3 41
W 830126 830126 4 11 170 1 16 12.6 12.5 4.2 - 4.4 4,0 295 138! 217 200 23 20 25 43
E 830818 830818 43 50 807 47 90 11.0 12.7 3.9 - 4.4 6.87 204 381 326 359 38 43 11 80
Mean Gerritsfles (MG) 10 21 810 10 2 7.9 7.3 4.6 4.91 4.8 4.8 117 82 199 186 27 25 158 18t
Mean Kliplo (MK) 29 53 1034 12 2 6.2 6.3 5.0 - 5.3 5.4 169 189 258 260 30 30 42 46
Mean other pools (MO) 38 50 1075 27 33 8.7 8.9 4.4 - 4,6 4.5 241 104 258 269 41 43 48 81
Grand mean (GM) 26 41 977 17 13 7.6 7.6 4.6 4.91 4.9 4.9 179 120 239 240 33 33 81 102

Pool WCA LCA  WMG LMG WAL LAL WFE LFE WMN LMN WALK LHCO3 WCL LCL WS04 LS04 WNO3 LNO3 WH2PO4 LH2PO4 Name of pool

secevvessscesssecsssssvenerseasssssssss{@quivalent) mmol m-a..............................................

G 50 95 49 37 11 15 20 23 2 3 33 1 240 304 250 267 16 0 0.05 0.0 Gerritsfles

G 50 80 58 61 20 35 26 29 2 3 16 1 296 320 291 317 S 0 0.42 0.5 Gerritsfles

G 50 33 58 45 14 13 16 66 2 3 33 17 310 321 291 294 5 1 0.05 0.4 Gerritsflea

G 50 13 41 41 100 2 12 21 12 33 10 226 254 167 213 8 15 0.11 0.0 Gerritsfles

G 25 50 41 33 10 16 9 90 1 1 8 45 240 256 312 81? 8 1 0.05 0.5 Gerritsfles

G 15 48 49 49 16 16 20 41 2 2 8 1 254 239 208 263 5 1 0.05 0.4 Gerritsfles

G 100 30 41 49 26 12 3 24 1 2 8 1212 202 208 229 10 1 0.21 0.5 Gerritsfles

K 50 23 58 57 12 22 46 48 - 4 49 6 310 299 167 133 11 0 0.11 0.0 Kliplo

K 100 70 74 66 12 0 91 54 4 4 49 12 324 307 146 96 1 0 0.1t 0.0 -Kliplo

K 50 - 74 74 20 24 64 69 4 2 82 41 339 400 83 115 S 1 0.21 0.5 Kliplo

K 50 48 74 70 11 5 19 84 3 4 33 56 339 344 146 97 6 1 0.11 0.0 Kliplo

K 50 88 66 70 77 35 89 2 3 66 40 353 324 - 87 3 2 0.05 0.3 Kliplo

K 50 75 66 70 9 4 32 39 4 4 33 11 339 309 42 76 3 1 0.05 0.4 Kliplo

K 100 70 58 66 13 33 18 42 3 6 49 13 296 371 104 57 3 6 0.11 0.5 Kliplo

D 75 65 99 92 26 11 54 38 1 4 1 3367 372 2711 227 3 5 0.32 1.3 Diepveen

P 50 32 74 66 10 16 51 44 1 4 1 3324 313 187 107 5 5 0.21 2.3 Poort 2

Z 50 39 58 49 19 7 4191221 1 4 66 10 381 394 229 171 5 5 1.37 1.5 Echtenerzand

H 200 142 156 152 43 29 8 6 4 4 0 1 353 349 521 475 2 5 0.05 0.8 Groot Hulsven
M 125 95 58 51 23 11 91 53 3 4 33 2 240 254 208 100 8 5 0.05 1.5 Mid. Wolfsputven
S 100 104 49 55 10 4 35 6 3 4 1 2 169 186 187 147 2 5 0.05 0.5 Schaapsven
w299 297 90 93  211!303! 3 2 8 6 0 2 254 264 708 732 29 45 0.05 0.5 Deelenache Wasch
E 100 340? 90 1727 39 25 150 62 2 1 8 1177 494 523 437 282 3 59?7 o0.21 0.6  Acht, Goorven E
MG 48 50 48 45 15 16 15 42 2 2 20 11 254 271 247 264 8 2 0.14 0.3 Gerritsfles

MK 64 62 67 68 12 14 44 61 3 4 52 26 328 336 115 95 5 1 0.11 0.2 Kliplo

MO 125 111 84 80 48 51 101 54 3 4 14 18 323 332 346 280 7 11 0.29 1.1  Other pools

GM 8l 75 67 64 26 28 56 52 3 3 28 18 303 314 246 214 7 5 0.18 0.6 All pools

e.g. pHl, calcium and magnesium. Presumably this sample was stored too long
in the LUW laboratory before the analysis started.

The LUW values for ammonium and phosphate are nearly always higher than
the corresponding WMN values. The grand mean of ammonium in the LUW samples
is 26%Z higher than the mean of WMN. The relative difference varies between
10 and 697 for each of the three groups. Phosphate is 2-4 times higher in
the LUW- than in the WMN samples. However, this ion is unimportant in ionic
balances.

Hydrogen bicarbonate is often higher in the WMN samples than in the LUW
samples. This 1is caused by a difference 1in methods. The WMN uses an
alkalinity titration and supposes all the alkalinity to be present as
hydrogen bicarbonate. Sometimes a part of the weak organic acids is also
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Table 10

Regression analysis of chemical data from WMN and LUW.

Model 12 Model 2° e
Parameter Intercept Slope Zvard Slope Zvard
S102 -2.34 0.926 62 0.868 63 0.80
EC251 ~-2.04 1.019 91 0.994 91 0.96
pHL 0.76 0.853 44 1.008 45 0.68
co2® 29.2 0.760 3 0.949 Il 0.34
NA 10.2 0.959 83 1.000 83 0.91
X -2.05 1.075 91 1.021 91 0.95
NH4 30.9 0.877 79 1.098 71 0.89
CA 8.2 0.815 75 0.877 76 0.88
MG 0.07 0.967 94 0.968 94 0.97
ALe -9.67 1.437 96 1.332 94 0.98
AL 6.08 0.496 19 0.769 14 0.48
FE 28.6 0.423 66 0.573 39 0.82
FE® 36.0 0.201 4 0.716 - 0.29
MN 2,22 0.433 25 1.047 19 0.54
ALK/HCO3 4,41 0.309 16 0.399 17 0.45
CL 22.2 0.964 85 1.034 85 0.93
S04 -12.3 0.957 87 0.921 88 0.94
NO3 -3.07 1.163 52 0.912 52 0.73
H2P04 0.43 0.902 15 1.618 - 0.43

ALuw = Intercept + Slope x WMN.

bLUW = Slope x WMN.

®Product-moment correlation coefficient.

dPercentage variance accounted for (- = residual variance exceeds
variance of LUW).

©After removal of outliers.

Table 11

Comparison of charge balances from Agricultural University, Department of Soil
Science and Geology (L) and "Waterleidingbedri jf Midden-Nederland" (W).

Pool Gerritsfles Kliplo Other pools All pools
Laboratory W L W L W L w L

H 19 21 7 6 36 56 17 27
NA 199 186 258 260 258 269 239 240
K 27 25 30 30 41 43 33 33
NH4 158 181 42 46 48 81 81 102
ca 48 50 64 62 125 111 81 75
MG 48 45 67 68 84 80 67 40
AL 15 16 12 14 48 51 26 28
FE 15 42 44 61 101 54 56 52
MN 2 2 3 4 3 4 3 3
SUM CATION 531 568 527 551 744 749 603 600
WALK or LCO3 20 11 52 26 14 18 28 18
CL 254 271 328 336 323 332 303 314
S04 247 264 115 95 346 280 246 214
NO3 8 2 5 1 7 11 7 5
H2PO4 0 0 0 0 0 1 0 1
ORGANION (40) 40 (54) 54 (53) 53 (49) 49
SUM_ ANTON 569 588 554 sl2 743 695 633 g0l
a? -0.03 -0,02 -0.02 0.04 0.00 0.04 -0.02 0,00

84 = (SUM CATION — SUM ANION)/(SUM CATION + SUM ANTON).

titrated by this method. However, this is not always true, because the
highly stained samples from the pools D and P for instance have negligible
bicarbonate concentrations. In the LUW samples bicarbonate was calculated
from total inorganic carbon determinations.

For CO, large differences are found between individual samples,
although the“average values for Kliplo and Gerritsfles correspond reasonably
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well. In the other pools, however, LCO, is as an average only 43%Z of WCO,.
This might be caused by the fact that Ehese samples were in a batch that was
analyzed immediately after sampling in the WMN laboratory, but had some
delay in the LUW laboratory.

In Table 1l ionic balances from samples of both laboratories are
compared. The concentration of organic acid (ORGANION) was calculated by the
formulas of Oliver et al. (1983) from DOC, assuming a weak acid contribution
of organic carbon of 5.5 meq/g C (Henriksen & Seip 1980).

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

3.4.2 Long—~term changes

The chemical data for the period 1919-85 are presented in App. 8-10
(Achterste Goorven), 11 (Gerritsfles), and 12 (Kliplo). The pH measurements
by Glas (1957, 1958) and Moller Pillot (1958) were performed with
pH-indicator paper (H.K.M. Moller Pillot, pers. comm.). These are not
included in this report, because indicator paper method gives wunreliable
results in weakly buffered waters.

Only for pH enough data are present for statistical comparison between
different periods. The results are given in Table 12.

Median pH values, instead of average values, for each period are
calculated for two reasons. Firstly there is controversy in the literature
about calculation of average pH values: as arithmetic or as geometric means
(Barth 1975, Middleton & Rovers 1976, Sheridan 1976, Eralp & Thomson 1978).
In our case, however, all three measures of location give nearly identical
results and do not differ more than 0.2 pH unit. Secondly the median is a
non-parametric statistic, which allows us to apply non-parametric tests,
e.g. the Mann-Whitney-U test or Wilcoxon two-sample test (Sokal & Rohlf
1969) to test the significance of differences between the periods of
sampling.

For all stations where pH measurements 1in the period 1939-30 are
available, the pH dropped significantly from this period to 1978-85 (Table
12). Also significant are the differences between the periods 1919-30 and
1950-60 in Gerritsfles and 1919-30 and 1970-76 in Kliplo. The pH drop is
largest in Achterste Goorven (2.l and 1.8 on stations B and E respectively)
and smallest in Kliplo (0.8). Gerritsfles is intermediate with a decline of
1.2 units,

The measurements before 1965 were made by colorimetric methods. After
1965, electrometric methods were generally used. Colorimetric measurements
can easily give errors in the magnitude of 1 pH unit in weakly-buffered low
alkalinity waters (Halnes et al. 1983, Blaker & Digernes 1984)., But also the
electrometric measurements of pH in low alkalinity waters 1s subject to
considerable errors. Although the 1instructions of the manufacturers were
carefully followed and electrodes were calibrated with buffer solutions of
pH 7 and pH 4, particularly at pH values below 4 errors were made with the
measurement in the field. Sometimes values below 3 were read from the
display. A test with a buffer solution of pH 3 gave incorrect values in such
cases and the electrode had to be discarded. Also Covington et al. (1985)
and Neal & Thomas (1985) report about the inaccuracy of electrometric
determination of pH in dilute waters. Errors in the mangnitude of 0.7 pH
unit were observed.

It may be concluded that the data indicate acidification of the pools
Achterste Goorven, Gerritsfles, and Kliplo over the last sixty years, but



Table 12

Comparison of pH (measured in the field) in four different periodsa.

A. Goorven A A. Goorven B A. Goorven E Gerritsfles Kliplo
1919-1930 median - 6.0 5.7 5.5 6.0
range - 5.5-6.6 5.4-6.0 5.5-6.5 6.0-6.5
n - 3 2 9 3
1950~1960 median 5.2 - - 4.1b 5.2
range - - - 4.0-4.1b 5.2-5.2
n 1 - - 2b 1
1970-1976 median - 3.5 - 3.9 5.6
range - - - - 3.9-8.8
n - 1 - 1 10
1978-1985 median 4.1 3.9 3.9 4.3 5.2
range 3.3-5.0 3.3-4.9 3.4-5.6 3.9-5.5 4.1-7.8
n 18 19 19 17 24

8pifferences between the first and last period on all but the first sampling stations are signi-
ficant with p < 0.02 (Wilcoxon two-sample test, two-tailed)., Other significant differences are
in Gerritsfles between first and second period (p € 0.02) and in Kliplo between first and third
period (p < 0.02).

b1 measurement (1950) in field, 1 measurement (1960) in laboratory.

the absolute decrease of the pH is still uncertain.

For other chemical parameters fewer data are available, which do not
allow statistical analysis. From Achterste Goorven station B (App. 9) a
sample 1s avallable from November 1919 (taken under a thin layer of {1ce).
Iron, manganese, ammonium and phosphate are present in much lower
concentrations in this sample than in any of the recent (1975-78) samples,
Especially for the latter two parameters these differences may be a
consequence_gf less sensitive detection methods in the past. Alkalinity was
149 mmol m ~ in the old sample and is absent in each of the regﬁnt samples.,
Sulfate was found with a concengsation of 208 equivalent mmol m in 1919,
458 in 1975 and 729-1645 mmol m ~ in 1979-85. The increase is evident.

Table 13 i{s an extract of App. 11 and summarizes the measurements of
some selected parameters from Gerritsfles. The pH, measured in the field,
declines significantly over the last 60 years, as was already demonstrated
in Table 12. 1In contrast, the pH, measured in the laboratory, has been
fairly stable over the same period. The single measurements of ammonium 1in
1925 and 1930 were much lower than the average value in 1979-85, but in the
latter period single measurements with similar low values as in 1925 and

Table 13

Gerritsfles. Long-term changes in mean values of selected
chemical parameters.

ph-field pH-lab.  NH, c1” sof" n
1925 - 4.4 0 195 354 1
1928 5.5, - - - - 1
1930 5.8 6.5 21 468 196 1
1950 4.0 - - 195 - 1
1960 - 4.1 111 429 800¢ 1
1974 3.9 4.1 47 282 541 1
1977 - 4.0 89 339 916 1
1978 41y 4ol 50 353 625 1
1979-85 4.4 4.7 99 267 277 23

a 2+

n =8, Lo 17, inferred from correlation with Ca’' en Hg2+.
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Table 14 1930 occurred regularly. Therefore no
change of the concentration of

Achterste Goorven. Average values of chemical ammonium can be assessed. The chloride

and physical parameters for those data within

the period 790710-850211 when  simultaneous concentration declined significantly
observations at the stations A, B, and E, were (p(0.0l’ Wilcoxon two-sample test)
de.
mace between the periods 1925-50 and
Station Number of 1960-85. This is presumably caused by
obser- h . £ h Zuid
A B E vations the separation o the Zuiderzee/
IJsselmeer from the Wadden Sea in 1932
e AR oS and the commensurate decline of the
02% 86 89 88 30 salinity of the water in this area,
Egi 2% P P - which probably also affected the
EC25¢ 17.4 19.1 17.8 30 chloride content of the precipitation
EC251 16.8 17.8 18.0 23 -
il " g 40 ) at Gerritsfles. The.sulphate concen
NG 15.6 14.8 14.5 9 tration in 1979-85 is 1in the same
g& 624 “28 45§0 2; order of magnitude as 1in 1925 and
S04 927 1041 947 9 1930. The peaks in 1960 and 1977-78
ALK 43& 0.0 go 3 will be discussed later,
ggg 50£ ”gﬁ 5om0 0 Apart from the changes in field
H2PO4 0.07 0.09 0.09 9 measured pH (Table 12) no long-term
~PO4E 0.40 0.49 0.57 9
102 b 201 1309 4 changes are apparent in Kliplo (App.
NH4 166 167 152 9 12). The peaks of total phosphate and
Mih-org ;?1 236 20.3 ; phosphate are probably caused by
MN 5.2 5.0 3.9 9 differences 1in analytical methods of
AL 159 238 172 9 different laboratories. The high
CA 205 198 206 18 =8
MG 216 234 219 9 values of chloride (max. 818 mmol m
EA %é ﬁg ﬁi 3 in the extremely dry sumger of 1976

(mean 1981-85 323 mmol m ~) are due to
concentration by evaporation (see also
section 3.3).

3.4.3 Medium—-term changes

Monthly sampling in Gerritsfles and Achterste Goorven (stations A, B
and E) started in July 1979. As temporal changes were not extremely large,
sampling frequency was reduced to four times a year in July 1980. Because
the differences between the three stations in Achterste Goorven were small
the full set of analyses was continued only at station E. At the stations A
and B only pH, conductivity, oxygen, calcium, and chloride were monitored
from August 1980 onwards. In August 1984 complete ilonic balances were made
on these two stations. Achterste Goorven E is fairly representative for the
other stations in Achterste Goorven. Graphical analysis and Friedman two-way
analysis of variance by ranks of each of the parameters listed in Table 14
reveal only differences in the concentrations of 510, (p <0.001, minimal at
station A and maximal at E) and the field measure% conductivity (p <0.02,
maximal at B). Quarterly sampling of Kliplo was started in May 1981. From
all pools occasional samples were available from other sources since c.
1975.

The individual results are presented in App. 8-12, Summary statistics
for individual pools are given in App. 15~-17. The pools are compared with
each other in Table 15. Nitrite is left out of She tables, because 1t was
always below the detection limit (0.2 mmol m ). To assess trends Spearman
rank correlatives were calculated over the observation period. The trends
were also assessed from visual inspection of the plots of each of the
parameters against time, because many of the parameters were not
monotonously increasing or decreasing but had a minimum of maximum within



Table 15

Trends in chemical data from Achterste Goorven, Gerritsfles and Kliplo.

Achterste Goorven E (E) Gerritsfles (G) Kliplo (K)

order of
Parameter® mean” corr.© trendd mean” corr.® trendd mean® corr.© trend? stations
ALK 13 50 I eince 82 24 37 1 since 81 66 =42 (Max 81) E<GLK
pHE 4.1 39 1 since 82 4.4 10 I since 81 5.3 ~-18 C E<GCK
pHY 4,2 77 I since 81 4.7 42 I since 80 5.5 -39 D since 83 E<GCK
(NA+K) / CA+MG) 1.32 55 I 1.9 64 I 2,25 -11 C E<G<K
H2P04 0.19 15 [ 0.27 -31 D since 81 0.40 -69 D since 81 E<GLK
t-PO4E 0.87 -3 C 1.0 -29 Max 80-83 1.2 -76 D since 81 E<GKK
MN 3.0 -72 D 3.1 -72 D 3.8 -43 D since 81 E=G<K
NO3 44 -14 c 7.5 13 (1) 7.1 -33 C E<KLG
02% 87 -36 (D) 102 =21 C 89 ~46 (D since 82) E=K<G
COLOR 12.8 =35 Max 82-83 8.6 36 Max 83-84 30 ~65 D since 81 G<E<K
KMNO4u 32 33 (D 21 16 (I since 80) 51 -4 [ GCE<K
NB4-org 22.2 -33 C 20.2 -15 C 28.8 =52 Max 82 GSE<K
NA 323 -39 D 210 -26 D 260 14 c G<K<E
CL 423 8 C 267 -15 [ 323 19 C G<K<CE
FE 53 14 Max 83 17 18 C 51 -53 D G<K<E
SI02 31 69 I 8.9 -26 C 10 40 I since 81 G<K<E
€02 386 -40 D 154 -56 D 163 51 I since 81 GZK<E
co3 13 36 c 0 0 c 0 0 C G=K<E
EC25f 16.9 =51 D 8.7 -9 D 6.4 38 C K<G<E
EC251 15.6 =42 D 8.1 -28 D 6.1 11 C K<(GCE
IR 0.26 -61 D 0.22 -60 D 0.17 -9 C K<G<E
S04 620 -58 D 277 -45 D 130 -22 C K<G<E
AL 89 -46 D 24 -57 D until 82 2.7 -32 Max 82 K<GLE
CA 158 -58 D 82 -68 D until 82 70 10 C K<G<E
K 50 -69 D 41 -17 D 35 -49 Max 80-82 K<G<E
NH&4 173 67 I since 82 99 78 I since 82 41 19 C K<GCE
NH/ (NH&+NO3) 0.97 54 I 0.88 56 Min 81 0.97 40 Min 80-82 KOGCE
MG 143 -64 D 67 -85 D 69 ~14 C K=G<E

3Classified according to ranking of sampling stations in last column.

bealculated from quarterly observations from 790815-850212 in Achterste Goorven and Gerritsfles and from 810506850212 in Kliplo.

cSpearman rank correlation coefficient (x 100) with time, calculated over the same period as the mean.

d'l‘rend since 1979. For Kliplo no measurements of H2PO4, MN, COLOR, SIO2 and CO2 are available from before 1981. I = increase, C =

constant, D = decrease, Min = minimum, Max = maximum. Parentheses indicate that trend is not very clear.

the period of observation.

On some of the sampling dates the pools were ice-covered. Depending on
the condition of the ice layer the water chemistry was different from the
expected one. If the ice was growing, often higher ion concentrations (and
lower pH values) were met than were expected; if the ice was melting often
lower concentrations (and higher pH values) were found than were expected
(App. 10-17, Fig. 21). These interruptions do not seriously disturb the
medium-term pattern of changes.

In Kliplo the changes are relatively small. Most striking are the
decrease3+in colouE (Fig. 21) and other parameters associated with humus
(e.g. Fe~ and H PO4 since 1981). Also pHl is decreasing since 1983, but it
is doubtful we%her this drop is persistent. pHf did not change within the
same period. Sodium and chloride had a maximum in the summer of 1976, when
the water level in Kliplo was extremely low (see section 3.3.2). Sulfate and
other parameters associated with acidification (e.g. aluminium and calcium)
have been constantly low over the period of observation.

Although differing in some details the changes in Achterste Goorven and
Gerritsfles are very similar. In these two pools, and particularly in the
first one, highly elevated 1levels of sulphate, aluminium, calcium,
magnesium, carbondioxide, conductivity, and even sodium and potassium were
present in 1977-78, All these factors are known to be associated with
acidification of moorland pools (e.g. Van Dam et al. 1981). For all these
parameters, except sodium, Gerritsfles holds an intermediate position
between Achterste Goorven and Kliplo. Since 1978 the values of these
parameters have dropped. The decrease was most rapid in the few years after
1977-78 and much slower from c. 1981 onwards. Several parameters, e.g.
aluminium and calcium did not decrease anymore after this year, particularly
in Gerritsfles. Since c. 1981 pHf, pHl and alkalinity increase in both pools
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(Fig. 21, App. 10, 11).

Both colour and potassium permanganate consumption, associated with the
presence of organic matter, were very low during the first years after the
drought of 1976, but increased after c. 1981 (Fig. 21, App. 10, 11).
Ammonium increased in Gerritsfles and Achterste Goorven since 1982 (Fig.
20).

Changes in Kliplo are of minor importance when compared to those in the
other two pools. In dry summers only a small fraction of the bottom of
Kliplo is exposed to the atmosphere (section 3.3.2). The sediment is not
aerated in such years and the reduction of sulphate can continue. As no
strong acids are formed by oxydation of iron sulphides and reduced nitrogen
compounds, no reduced levels of humic and fulvic acids, which is often seen
in acidifying lakes (e.g. Almer et al. 1978, Dillon et al. 1984), occur and
the pool 1is permanently stained brown. The sulphate concentration is kept
low by sulphate reduction, which is a common process in the humic moorland
pools in the province of Drenthe (Baas Becking & Nicolai 1934).

The chemistry of both Achterste Goorven and Gerritsfles 1is strongly
influenced by the occurrence of extremely dry vyears 1like 1976 when
respectively c. 75 and 50% of the bottom area of these pools was exposed to
the atmosphere, The reduced sulphur compounds, that were accumulated in the
bottom because of the high sulphur load in the decades before, oxidized and
sulphuric acid was formed, which gave rise to high sulphate concentrations
during refilling. Although the sulphate reducing bacteria deploy optimal
activity in neutral and alkaline waters, significant activity has been
observed in shallow acid natural waters with pH values in the open water
down to below 4, and acid peat bogs. However, the pH of the interstitial
water of the sediments is often 1-2 units higher than in the overlying water
(Baas Becking & Nicolai 1934, Hemond 1980, Kelly & Rudd 1984, Baker et al.
1985, Carignan 1985). Thus after the drought-induced peaks the sulphate
concentrations gradually decline by reduction. The sulphur is fixed in the
sediments as 1iron  sulphides and organic sulphur  compounds. The
concentrations in Achterste Goorven may be higher than in Gerritsfles
because of the larger proportion of desiccated bottom and because of the
much longer water renewal time of Achterste Goorven (Section 3.3.1). After a
drop from 1977 onwards the sulphate concentration stabilized in 1980 in
Gerritsfles and as late as 1982 in Achterste Goorven. It is important to
note that sulphate Siductign co&iumes strong acids and produces alkalinity.

The cations Al Ca Mg Na' and K' have a similar pattern through
time as sulphate and are known to be weathered at increasing rates from
watersheds exposed to acidification (see Schnoor & Stumm 1985 for a review)
and released from sediments of acidifying lakes by cation exchange (Oliver &
Kelso 1983, Baker et al. 1985). Vangenechten et al. (1981) observed a
similar pattern in the changes of major ion chemistry in Belgian moorland
pools during refilling after the drought of 1976, Also in 1960, after the
drought of 1959, the calcium and magnesium levels in Gerritsfles were as
high as in 1977 (App. 11) and the inferred sulphate concentration was also
similar to that of 1977 (Table 13).

The acidification process of lakes has been reported to inhibit
breakdown of organic matter. Particularly when the pH falls below 5 the
slower working fungi take over the role of the more rapid decomposing
bacteria (Grahn et al. 1974, Francis et al. 1984, Rao et al. 1984). This was
shown experimentally by Kelly et al. (1984). Indeed many moorland pools in
The Netherlands had a bare sandy bottom until three decades ago (e.g. Redeke
& De Vos 1932). A layer of organic detritus has developed since then. With
the decline of the sulphate concentrations and concomitant increase of the
pH since 1981 one would expect an increased decomposition of the organic
sediment. This may be indicated by the increased colour and permanganate
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consumption since 1982 (Fig. 21, App. 10, 11).

The sediments are also the site for nitrogen metabolism. The
concentration of 1inorganic nitrogen (nitrate, nitrite and ammonium) in the
pools is considerably lower than would be expected from the composition of
the precipitation (Section 3.4.5). Moreover nearly all nitrogen is present
as ammonium (97% in Achterste Goorven and 88% in Gerritsfles, Table 15),
while in the precipitation c¢. 657 1s present as ammonium. Removal of
nitrogen is possible by nitrification of ammonium and subsequent
denitrification. Like sulphate reduction nitrification proceeds optimally in
neutral or alkaline environments. Nevertheless, nitrification has been
reported to occur in very acid (pH < 4) environments (Keeney 1973, Focht &
Verstraete 1977, Van Breemen et al. 1982, Schindler 1985). Also denitrifica-
tion 1is possible at low pH values when enough organic material is present
(Keeney 1973, Focht & Verstraete 1977, Tiedje et al. 1982, Hemond 1983).

Nitrification of one mole of ammonia nitrogen produces two moles of
protons, while denitrification of one mole of nitrate nitrogen consumes one
mole of protons again and the net result is the production of one mole of
protons, or a consumption of alkalinity, As ammonium and sulphate are
present in about equivalent amounts in precipitation, the production of
protons by ammonium removal matches the consumption of protons by sulphate
reduction, at least 1in the long run. The denitrification of nitrate
nitrogen, added by the precipitation will cause an extra consumption of
protons.

The aquatic macrophytes probably play an important role in the nitrogen
economy of moorland pools. As will be described in the Section 3.5 peat
mosses and particularly Juncus bulbosus developed explosively in Achterste
Goorven and Gerritsfles after the drought of 1976 and gradually declined
again after 1978, This phenomenon is related to the elevated post-drought
concentrations of carbondioxide (App. 10, 11). Carbondioxide is a limiting
factor for the growth of J. bulbosus in acidified water (Roelofs et al.
1984, Wetzel et al. 1984). J. bulbosus and Sphagnum cuspidatum have a
positive Egotosynthetic response with elevated concentrations of ammonium (>
50 mmol m 7) as was determined experimentally by Roelofs et al. (1984). Both
J. bulbosus and Sphagnum flexuosum preferred ammonium above nitrate and
seriously affected the ammonium concentrations in the experiments of
Schuurkes et al. (1986). Therefore, it is not impossible that the increase
of ammonium in Achterste Goorven and Gerritsfles is partly a consequence of
the decline of J. bulbosus.

Apart from wet deposition also dry deposition of SO, and NH, occurs.
The dry deposition of sulphur on moorland pools is“about twice the wet
deposition, as was calculated by Van Dam et al, (1981), but the amount of
dry deposition of ammonia is widely unknown. So it is still not possible to
calculate an exact balance of proton consumption and production (or
alkalinity production and consumption) as has been done by Hemond (1980),
Dillon et al. (1982), Kilham 1982 and Schofield et al. (1985) for a bog
ecosystem and some lakes.

Schindler (1985) expresses solicitude about depletion of iron when
sulphate reduction will continue at accelerated rates. In that case hydrogen
sulphide is no longer fixed as 1iron sulphides and will intoxicate the
system. As considerable fractions of the bottoms of Achterste Goorvan and
Gerritsfles are exposed to the atmosphere during dry years (about every
twenty years) the iron sulphides are oxidized and the process described
above will be repeated. In Kliplo, where the bottom is permanently
submerged, the iron pool may be exhausted in the long run. The continuous
removal of iron by sulphate reduction might uncouple the phosphate and iron
cycles, having a fertilizing effect by allowing more phosphorus to remain in
solution (Ohle 1954, Stumm & Baccini 1978, Schindler 1985).
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Table 16

Seasonal periodicity of physical and chemical parameter in Achter-
ste Goorven E, Gerritsfles (790814-850212), and Kliplo (810506~
850212). Min = season of minimum values, max = season of maximum
values. W = winter (Nov.-Feb. or Feb.), Sp = gpring (Feb.-May or
May), Su = summer (May-Aug or Aug.), A = autumn (Aug.-Nov. or
Nov.). Parentheses = periodicity not very clear.

A. Goorven E Gerritsfles Kliplo
Parameter min max min max min max
LEVEL A Sp A Sp (A) W)
TEMP w Su W Su W Su
02 Su W A Sp Su Sp
02% (u) (Sp) W A A Sp
pHf Sp W A Sp (Su)  (Sp)
pH1 Su W A W Su W
EC25f (Sp) - Sp A - -
EC251 W Su Sp A Sp A
COLOR Su W - - - -
KMNO3u Su w - - - -
CL W Su W A - -
NO3 Sp W A Sp - -
S04 u Sp - - - -
HCO3 Su W Su w - -
coz - - (su) (&) - -
Cco3 - - - - - -
H2P04 (W) (Su) A Sp-Su Sp A
t-PO4E - - Sp A - (Su)
SI02 (Sp) W (u) (Su) (sp) A
NH4 (a) w Su A Su w
NH4-or Su W w A - -
FE - - S A W Su
MN A Sp - - W Su
AL (a) (Sp) Sp A Su W
CA W Su Sp A - Su
MG W Su Sp A A Su
NA W Su Sp A - -
K (A) (Sp) Sp A A Su
ZCl W Su w Su - -
21504 A Sp W Su (A) (Sp)
ZNO3 Su W A Sp A Sp
ZHCO3 Su W Su W - -
ZH W Su W Su W Su
ZK (Su) (W) (Su) (W) - -
ZNA Sp A (A) (Sp) - -
ZCA - - Su) (u) (u) (8u)
MG A Sp A Su A W
IMN - - - - - -
ZFE - - - - v Su
2AL - su A - -
NH&4/ ( NH4+NO3) Su W (4) Su Su w
(NA+K) / (CAHMG) - - - - (Su)  (Sp)
IR Sp A - - Sp A

3.4.4 Short-~term changes

Short-term or seasonal trends were assessed by visual inspection of
graphs of chemical and physical parameters against time. Because of the
rather limited number of measurements no formal analyses (e.g. Fourier
transformations) are applicable. A survey of the results is displayed in
Table 16.

Kliplo is striking, because of the lack of seasonal differences of many
parameters. Even the water level has no consistent time pattern and so is
chloride. The pH (laboratory) has a maximum in winter and a minimum in
summer or autumn 1in all pools. Ammonia has its maximum always in the cool
seasons (autumn or winter), apparently because of inhibition of nitrifica-
tion by low temperatures (Focht & Verstraete 1977). There are no other para-
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meters with a similar seasonal
pattern in the three pools, apart
from temperature.

In Achterste Goorven an
Gerritsfles HCO,,, ZHCO,, and %K
are minimal in summer and” maximal
in winter. Z%Cl is minimal 1in
winter and ma§ima12+in §¥mmer ig
both pools. C1 , Ca” , Mg and Na
have the lowest concentrations in
winter or spring, when the water
level 1is high and the highest
concentrations in summer or autumn,
when the water level is low.

3.4.5 Differences between pools and
precipitation

In Section 3.4.3 the diffe-
rences of some chemical parameters
between Achterste Goorven, Ger-
ritsfles, and Kliplo were already
discussed. It 1is the purpose of
this section to describe the dif-
ferences in ionic composition of
all pools and to discuss them in
relation to the composition of the
incoming precipitation.

Charge balances of the mean
composition of all five pools over
the period March 1983 - March 1985
are given 1in Table 17. Standard
deviations are given in App. 16.
The values for all pools but
Achterste Goorven are the averages
of monthly measurements by the
Department of Soil Science and
Geology of the Agricultural
University (Wageningen) from March
1983 through March 1985 (Full data
are presented in App. 17). For
Achterste Goorven the results of
eight quarterly measurements from
May 1983 through February 1985 by
'Waterleidingbedrijf Midden~Neder-
land' were used. The comparison of
quarterly data of Achterste Goorven
of one laboratory with monthly data
of another laboratory is warranted,
because the results of both
laboratories are comparable
(Section 3.4.1) and the averages of
quarterly values of the LUW samples
differ only slightly from averages
based on monthly values of the LUW
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samples. At least differences between pools are much larger than differences
within pools.

Organic acids were calculated from DOC. The mass action quotient of the
fulvic and humic acids can be est&mated by the formula of Oliver et al.
(1983): pK = 0.96 + 0.90pH - 0.039(pH)+. The concentragiﬁn of organic acids
[A"] 1is given by [A ] = K[C.]/(K + [H']), with K = 10 P" and C_ = C _DOC. C
is taken as 10 ueq/mgC (120 ueq/mmol C) by Oliver et al. (1983)? but® value§
between 5 and 10 ueq/mg C have been reported by several, mainly North
American authors (Eshleman & Hemond 1985). The value of 5.5 peq/mg C (66
peq/mmol C), which was found by Henriksen & Seip (1980) in Scotland and
Norway gave the best fit with our results and was used therefore.

In Achterste Goorven DOC was not measured directly. From the
measurements of DOC, KMnO consumption and color, presented in section
3.4.1, DOC was inﬁgrred by simple regression models. The best fit is given
by: DOC (mmol m ~) = 423.1 + 13,41KMnO, (mg 1-1) (r = 0.71). For Achterste
Goorven the alkalinity values determineé by ‘'Waterleidingbedrijf Midden-
Nederland' are halved, because these concentrations are based on titrations
with HC1 down to pH = 4.4. It appears from Section 3.4.1 that only half of
the alkalinity is due to bicarbonate. The other half consists of weak
organic acids.

For precipitation the results of a special network of stationms
nearshore or close to the pools, running from January 1982 through December
1984 (H.F. van Dobben, pers. comm.), were used. The samples were collected
in the same way as in the National Precipitation Chemistry Network and
analysed by the National Institute for Public Health (Anonymus 1983).
Organic anions were inferred from DOC as described above. For Groot
Hasselsven the results of the station Eindhoven of the National
Precipitation Chemistry Network were used (Anonymus 1983, 1985, A.J.
Frantzen, pers. comm.).

The data from Table 17 are visualized in Fig. 22.

The precipitation at all stations 1s rather similar, although some
differences are _gpparent. The total concentration of 1ions 1is c¢. 500
equivalent mmol m ~. Sulfate 1is the mgﬁt important anion., The minimal
concentration 1s 98 equivalent mmol m ~ near Kliplo, while the maximum is
127 near Groot Hasselsven, Chloride is the next important anion, with a
minimum of 64 mmol m near Groot Hasse1§§en and a maximum of 90 near
Kliplo. Nitrate is present with c. 50 mmol m at all stations, while
bicarbonate is nearly absent.

Ammonium is the most important_gation, encompassing the range of 87
mmol m (Xliplo) to 112 mmol m (Groot_§asselsven). The next important
cation is sodium with a minimum of 55 mmol m ~ near, Achterste Goorven and
Tongbersven-West and a maximum of 73 mmol m ° near Kliplo..The third
important cation is hydrogen with a concentration of c. 35 mmol m at all
stations. All the other cations are of minor importance.

The precipitation near Gerritsfles is intermediate in all respects. In
all precipitation samples chloride is roughly balanced by sodium, although
there is an excess of c. 15% chloride. Sulfate 1s roughly balanced by
ammonium, although sulphate exceeds ammonium by c. 10%. The excess of
chloride and sulphate over sodium and ammonium is about equal to the
hydrogen—ion concentration.

The composition of the moorland pool water is much less uniform than
that of precipitation water. From the data 1in Table 17 agd Fig. 22 it
appears that the chloride concentration varies from 217 mmol m ~ in the_pool
with the shortest water renewal time (Groot Hasselsven) to 455 mmol m ~ in
the pool with the longest water renewal time (Achterste Goorven). The
Achterste Goorven has the highest total ion concentration (2124 equivalent
mmol m ), the total ion concentrations of the other pools are rather
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water (bottom) of

all pools. Absolute
concentration is proportional to the square root of length of radius of the circles (see scale). Data as in Table 17.
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similar with 1036~1250 equivalent mmol m 3.

Although sulphate is the most important anion in precipitation, it is
only the most important anion in Achterste Goorven and Groot Hasselsven,
where chloride is the next important anion. In the other pools the order of
these two anions is reversed. Nitrate is nearlg absent in the pools, while
bicarbonate is found with some tenths of mmol m in all pools but Groot
Hasselsven, Organic anions are 1important in Kliplo and especially
Tongbersven—West, but never exceed 20% of the total ion concentration.

Sodium is the most important cation in all five pools, followed by
ammonium in all pools but Kliplo and Groot Hasselsven, where magnesium and
calcium are more important. The highest ammonium concentrations are in
Achterste Goorven. This order is different from tbgt in precipitation.
Hydrogen ion is maximal in Groot_?asselsven (116 mmol m ~), also importagt
in Achterste Goorven (44 mmol m ), but of minor importance (< 16 mmol m )
in the other pools. Aluminium is maximal in Achterste Gogrven (6 equivalent
mmol m ~). Iron has its maximum (78 equivalent mmol m ~) also in Achterste
Goorven, but compared to the other ions it is maximal in Kliplo (5.4%).

In table 17 the hypothetical concentration of the ions in each of the
pools 1is calculated when no chemical and biological processes would take
place. The concentration of the inert chloride ion is supposed to be equal
in the real and hypothetical case and the concentration of each of the other
ions is calculated from precipitation by multiplying the concentration in
precipitation by the quotient of the measured chloride concentration in the
pool and the concentration of chloride in precipitation.

The processes which are responsible for the differences between the
hypothetical and real concentrations, especially sulphate reduction,
nitrification, and denitrification, have been discussed at length in Section
3.4.3 for Achterste Goorven, Gerritsfles and Kliplo. Realizing that the dry
deposition of 50, is about twice as large as that of the wet deposition of
sulphate and also the dry deposition of ammonia may be considerable it is
evident that even in the most acid pool (Groot Hasselsven, pH c. 3.9) these
processes are important.

The concentrations of ammggium in Groot Hasselsven and Kliplo
(respectively 47 and 45 mmol m ~) are_guch lower than in the other pools,
where ammonium is higher than 100 mmol m . This might be caused by the
activity of aquatic macrophytes. In Groot Hasselsven the flat bottom of the
shallow pool (in summer only a few decimetres deep) is covered with a thick
mat of Drepanocladus fluitans, which assimilates ammonium and affected the
ammonium concentrations in the experiments of Schuurkes et al, (1986)
considerably. In Kliplo a luxuriant vegetation of Potamogeton natans exists,
which is probably responsible for the low concentrations of both ammonium
and nitrate. In the 1literature concerned (Ferguson & Bollard 1969, Toetz
1973, Schwoerbel & Tillmanns 1972, 1974, Kopp et al. 1974, Roelofs et al.
1983, Schuurkes et al. 1986) no information could be found about the form of
inorganic nitrogen which is used by this species. In Achterste Goorven,
where the biomass per square metre of submerged aquatic macrophytes probably
is minimal, the ammonium concentration is maximal.

In all pools the concentrations of aluminium and sodium are elevated
for the reasons that have been explained in Section 3.4.3. Iron is elevated
in all pools but Groot Hasselsven, probably because it may not only be
dissolved from the bottom of acidifying water bodies, but also because it is
assoclated with the presence of humic substances (Gjessing 1976, Wetzel
1983). One would expect elevated concentrations of calcium and magnesium
too, because of leaching from the sediment, but this 1is apparently
compensated for by the adsorption of divalent ions by peat mosses (Clymo &
Hayward 1982), especially in Gerritsfles and Kliplo.

In Section 3.4.3 it appeared that morphology and hydrology are key
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factors for wunderstanding chemistry of Achterste Goorven, Gerritsfles, and
Kliplo. This is also apparent from the data in Table 17 and Fig. 22. The
composition of the precipitation near Groot Hasselsven, Achterste Goorven,
and Tongbersven-West is very similar, nevertheless the chemical composition
of the water 1in these pools is widely different. The composition of the
water in Groot Hasselsven, with a very shallow bottom and probably a short
water renewal time 1s most similar to that of the precipitation. That of
Achterste Goorven, with the longest water renewal time 1is most different
from rain water.

3.5 MACROPHYTES

Achterste Goorven

The present macrophytic vegetation of the interconnected basins, which
form together the tarn Achterste Goorven, is quite uniform. A belt of Myrica
gale and Molinia caerulea, with a minimum width of about one metre extends
to several tens of metres in marshy places and is inundated during periods
of high water. This band separates the pool with its boggy margins from the
surrounding forests (Goor is a regional name for a mire in which Myrica gale
is often one of the co-dominant shrubs). Salix (aurita/cinerea group) is
often mixed with Myrica gale. The distribution of aquatic macrophytes which
were found in a survey in September 1984 1s shown in Fig. 23.

Nymphaea alba is the most conspicuous water plant; although the total
coverage 1is less than one percent of the surface area of the pool. Next
important is Juncus bulbosus, which occurs in loose patches throughout the
pool, particularly near the shores and in the shallower eastern basins.
After the extreme dry year 1976, when the water level was very low in
summer, the species grew so luxuriant, that the reddish-green plants covered
the water surface like a sward. After 1979 J. bulbosus declined rapidly. The
abundance of filamentous algae, which form a mat on the bottom on many
places, increases from west to east.

Sphagnum and Molinla caerulea often occur nearshore, the former species
never forming floating mats, Eriophorum angustifolium and Carex rostrata
locally form patches. Juncus effusus occurs here and there. Rhynchospora
alba and Batrachospermum are rare, while Drosera intermedia occurs at one
place in the eastern basin. The most western basin is differentiated from
the others by the presence of Phragmites australis.

This very simple zonation is only an impoverished stage of former
vegetation pattern. Some of the earliest papers about the flora of the pool
(e.g. Thijsse 1912, 1916, 1927, 1937, Bergmans 1926, Schuiling & Thijsse
1928, Van de Griendt 1933, Koster 1942) speak in general terms, without
allowing spatial differentiation within the pool. The present-day species
were already present, apart from a series of other ones. Most striking were
a belt of Hypericum elodes, immediately adjacent to the Myrica-zone and
dense submerged fields of various species of Utricularia, at least U. minor
and U. intermedia. The prolific growth of Sphagnum species, sending their
long—~stems into the open water, caused a rapld terrestrialization of the
pool (see also Heimans 1960). A rich mosaic of vegetation belonging to the
associations Rhynchosporion and the Eleocharitetum multicaulls was present.
Patches of Eriophorum angustifolium and Carex rostrata were present
regularly.

The development of the vegetation in the western basin can be
reconstructed from descriptions and photos from several reports (Thi jsse
1927, Geijskes 1929, Deinum 1936, Koster 1942). The Hypericum elodes-
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vegetation and the belt of Phragmites australis attained their optimum here,
within a luxuriant zone of Sphagnum. In the open water Nymphaea alba,
Myriophyllum sp. (M. alterniflorum seeds were found in the sediment
according to Dickman et al. 1987), Potamogeton polygonifolius, Hypericum
elodes and Carex rostrata were abundant. The studies of Van Dijk et al.
(1948), Glas (1957) and Verhoeven & Bastiaanssen (1959) indicate that no
ma jor changes had taken place since the interbellum, although they mention
more species, because of the greater depth of their investigations.
Myriophyllum was not observed, and Juncus bulbosus, Potamogeton natans and
Utricularia sp. were recorded as supplementary species in the open water,
with Carex lasiocarpa and Eleocharis multicaulis occurring in nearshore
habitats. Several mosses, especially Sphagna (sect. subsecundum) were also
abundant, In the small recess in the north-west, where the outlet is
located, more eutraphentic species 1like Alisma plantago—aquatica, Mentha
aquatica and Lycopus europaeus were met.

Kwakkestein (1977) still noted Utricularia minor (in small quantities),
Nymphaea alba, Nuphar lutea and also the red alga Batrachospermum during an
excursion 1in 1975. Eleocharis multicaulis and Hypericum elodes still
occurred in 1976, but were not recorded later on (Van Dam 1983). The
vegetation at this station is now in a very impoverished condition.

Van Dijk et al. (1948) gave the first account of the vegetation in the
central basin (II). Apart from the still presently occurring Nymphaea alba,
Juncus bulbosus and Nuphar lutea (sparse), species like Potamogeton natans,
P. polygonifolius, Scirpus fluitans and Utricularia intermedia were present
1n the open water (the last species was already noted by Thijsse (1916) from
this and/or the next basin). Molinea caerulea, Hydrocotyle vulgaris,
Hypericum elodes, Carex rostrata, Eleocharis multicaulis and Sphagnum were
confined to nearshore habitats, forming a transition =zone to a more
terrestrial area with Sphagna, Rhynchospora alba , Eriophorum angustifolium,
Drosera intermedia , D, rotundifolia and Viola palustris among others.

Hypericum elodes, Potamogeton polygonifolius and Utricularia intermedia
disappeared already during the next decade (Glas 1957, Van der Voo &
Westhoff 1959). Most of the other species drastically declined or
disappeared completely during the last 25 years.

Sampling station E is located in basin III (Fig. 8). Thijsse (1916)
notes that the eastern part of the pool looks 'rough' owling to Scirpus
fluitans and that the flowers of several Utricularia species give a pale
yellowish hue to the pool in midsummer. In a paper of 1927 he writes "The
farther we come to the east, the more prolificly the Sphagnum grows. On some
spots Polytrichum hummocks are dominant. Finally the Sphagnum grows so
densely, that it extends from shore to shore and the water-lilies are
reaching above the peat mosses with short stalks. During the last twenty
years this section has been filled up completely and already thousands of
long-leafed sundew plants are growing here. The pool will be transformed
into a bog here in time" (see also Schuiling & Thijsse, 1928).

According to the observations of Van Dijk et al, (1948) this process
did not develop as predicted. There was still a considerable area of open
water (see also Glas 1957 and Verhoeven & Bastiaanssen 1959)., In the water
Nymphaea alba was widespread, while Potamogeton natans, P. polygonifolius,
Carex rostrata, Eleocharis multicaulis and Eriophorum éﬁgﬁstifolium were
locally important. Juncus bulbosus was found nearshore sites. Sphagneta,
with Drosera intermedia, D. rotundifolia and Rhynchospora alba amongst
others were well developed, especially in the nearly separated tip, close to
station E,

Kwakkestein (1977) still noted both Drosera species and Rhynchospora,
Recently, however, the well developed floating bog has been reduced to some
tussocks of Sphagnum growing here and there, while Molinia caerulea is very




Table 18

Presence (X) of aquatic and nearshore macrophytes 1in Achterste Goorven (A,B,E =
station A,B,E respectively), Gerritsfles, Kliplo, Tongbersven-West, and Groot Has-
selsven. R 1s indicator value for pH (1 acidobiontic, 2 acidophilous, 3 clrcumneu-
tral, 4 alkaliphilous, - indifferent).

Pool Acht. Goorven Ger. Kliplo Tong. Hass.
From 19.. 12 12 12 75 84 16 73 24 65 57 76 57 82
To 19.. 59 59 59 76 84 58 84 58 84 57 84 57 84
Station A B E ABE ABE

Drepanocladus fluitans X
Drosera intermedia
Drosera rotundifolia
Eleocharis multicaulis
Juncus bulbosus
Rhynchospora alba

Sphagnum spec. X
Agrostis canina

Carex rostrata
Deschampsia setacea
Eriophorum angustifolium
Hydrocotyle vulgaris
Hypericum elodes

Juncus acutiflorus
Juncus effusus

Lobelia dortmanna
Luronium natans

Molinia caerulea

Myrica gale

Potamogeton polygonifolius
Potentilla palustris
Sparganium angustifolium
Utricularia minor

Viola palustris
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Carex lasiocarpa X X

Menyanthes trifoliata X X X X
Myriophyllum alterniflorum X

Potamogeton natans X X

Scirpus fluitans X X X
Utricularia intermedia X

LWWLWwWLWwWw

>

Alisma plantago—aquatica
Eupatorium cannabinum

X

X

Lycopus europaeus X
Lysimachia vulgaris X X X

X

X

X

Mentha aquatica
Scirpus lacustris
Typha angustifolia

N

- Eleocharis palustris X X X X X X
- Glyceria fluitans X X

- Juncus articulatus X X
- Lemna minor X

-~ Nuphar lutea X

X X
- Nymphaea alba X X X X X X X
-~ Phragmites australis X X X X X X X

>

Number of species 25 29 18 20 15 22 16 20 24 18 18 7 7
Average R 2.52,01.81,6 1,6 1.9 1.6 1.8 2.0 1.6 1.5 1.6 1.5

References:

Achterste Goorven: Thijsse (1916,1927,1929,1937), Bergmans (1926), Schuiling &
Thijsse (1928), Koster (1942), Van Dijk, Sloff & Westhoff (1948), Glas (1957),
Verhoeven & Bastiaanssen (1959), Van der Voo & Westhoff (1959), Van Dijk & West-
hoff (1960), Kwakkestein (1977), Van Dam (1983), Verstegen (1985), G.M. Dirkse
(pers. comm.), Hofman & Janssen (1986), own record.

Gerritsfles: Vuyck (1924), Romijn (1925), Thijsse (1926), Sloff (1928), Wigman
(1932), Van Oordt (1935,1939), Schimmel & Mbrzer Bruijns (1952), Moller Pillet
(1958), Van der Voo (1973), Notenboom—Ram (1976), Van de Beld (1978), Higler
(1979), Van Dan et al. (1983), J. Heimans (unpubl.), G.M. Dirkse (pers. comm.), S.
van der Werf (pers. comm.), own record.

Kliplo: Beijerinck (1924,1926,1931,1950), Van Oordt (1939), Koster (1942), Mdrzer
Bruijns (1950), Wartena (1954), Ringelberg (1956), Stapelveld (1956), Glas (1958),
van der Voo (1965,1973,1975), Brouwer (1968), Londo (1973), Smit (1976), Coesel &
smit (1977), Van Gijsen & Claassen (1978), Buskens (1983), Goessens (1983), G.J.
Baaijens (pers.comm), G.M. Dirkse (pers. comm.), own record.

Tongbersven-West: Glas (1957), Beije (1976), Verschoor (1977), Verstegen (1985), G.
M. Dirkse (pers. comm.), Hofman & Janssen (1986), own record.

Groot Hasselsven: Van Donselaar (1957), Iven & Van Gerwen (1974), G.M. Dirkse
(pers. comm.), own record.
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abundant Rhynchospora alba occurs here and there. A few spots with Drosera
intermedia are still present. In the open water the Potamogeton, Scirpus,
Utricularia and Eleocharis species have vanished.

Van Dijk et al. (1948) and Glas (1957) also described the vegetation of
the small pools (basins IV and V). Those pools are interconnected by
man-made ditches and discharge into the eastern basin. The vegetation in
earlier days seems to have been very similar to the recent vegetation with
Nymphaea alba and Juncus bulbosus as the most prominent species. Along the
shores Sphagna were abundant (see also Thijsse 1916).

The floristic records of the aquatic and nearshore macrophytes near the
sampling stations A, B, and E (basins I, II, and III respectively) for the
periods 1916-59, 1975-76, and 1984 are entered in Table 18. In both last
periods the differences between the three stations were so small that no
distinction has been made in the table. The species are ordered in groups
according to their pH distributions. The groups are similar to those used in
diatom ecology {.iustedt 1939). The species were assigned to each of these
groups using the references listed in Section 2.5.

In total 37 species were seen. The species richness declined from 37 to
20 from before 1960 to after 1970. The average R (pH indication value)
varied from 2.5 near station A to 1.8 near station E before 1960. In the
period 1976-84 R was 1.6 throughout the whole pool, which is indicative for
acidification and floristic levelling. The vanished species are
characteristic for meso-eutrophic, not extremely acid waters (e.g.
Myriophyllum alterniflorum, Scirpus fluitans, Carex lasiocarpa, Mentha
aquatica). During the last decade five specles disappeared (Drosera
rotundifolia, Eleocharis multicaulis, Hypericum elodes, Potamogeton natans,
Utricularia minor). The latter three cannot thrive well in acidified waters.
Many of the declined taxa belong to the rare and endangered species of the
northwest-European flora.

Gerritsfles

The present submerged vegetation was surveyed from a dinghy in
September 1984 (Fig. 24). The nearshore vegetation was surveyed partially in
1977 by Schroevers (in Higler 1979 and Van Dam et al. 1983) and integrally
on a scale of 1: 1000 in 1978 by Van de Beld (1978).

The bottom of the open water is nearly totally covered with a dense
layer of Sphagna. 1In some samples, taken at random we met only Sphagnum
denticulatum (syn. S. obesum, det. G.M. Dirkse), but Van de Beld and
Schroevers (loc. cit) also recorded S. cuspidatum in small quantities. The
latter author also mentions Drepanocladus fluitans.

Going from the zone of the submerged mosses to the shore the zonation
follows the general pattern:

1. Submerged mosses, mainly Sphagna.

2, Submerged mosses and Juncus bulbosus.

3. Eleocharis palustris or Carex rostrata and J. bulbosus.

4. Optimal development of J. bulbosus.

5. J. effusus.,

6. Eriophorum angustifolium.

This zonation does not always develop completely, depending among other
things, on the slope. Therefore, a diverse mosaic of nearshore vegetation,
which forms a belt of only a few to about fifty metres width, is present.
After the extreme drought of 1976 Juncus bulbosus encroached the pool from
the shores during several years, but receded again from about 1978 onwards.

At some places additional species occur, 1like Potentilla palustris,
Eleocharis multicaulls and Sparganium angustifolium. The latter species,
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which is very rare in The Netherlands and other countries in NW Europe,
deserves some special attention. Van de Beld (1978), which had no dinghy
available, recorded the species from one place nearshore. In our survey we
saw the species at several stations with some hundreds of poorly developed
infertile plants in 25-50 cm deep water (Fig. 24). The plants were very tiny
and slender and difficult to identify. Mr. W.J. Holwerda and Dr. P. Baas
identified some of our specimina from morphological and anatomical
characteristics respectively. Our plants were very similar to Glyceria
fluitans and it is not impossible that the records of G, fluitans by
Schroevers (loc. cit. ) and Van de Beld (1978) actually refer to S.
angustifolium. T

Earlier records of plant species are listed in Table 18, together with
the recent records. The species mentioned before were already present in
earlier days, probably with exception of Juncus effusus, which was present
in very small quantities in 1950, but much more frequent in 1958. Today it
forms a belt of 1-10 m wide along c. 30% of the length of the shoreline. One
gets the impression that the abundance of the submerged Sphagna did increase
over the years, as open sandy places, which are hardly present now, occurred
in former times.

This impression 1is strenghtened by the observation that Lobelia
dortmanna, a Littorellion species, which grows exclusively on bare sandy
bottoms, occurred until ca. 1927 and not in later years. Another Littorel-
lionspecies, Deschampsia setacea, was not seen after 1951. Also Luronium
natans was found on several places in 1951, but has not been seen later on.
Potamogeton spec. (probably P. natans, because seeds are abundant in the
sediment, B. van Geel pers, comm.) was observed in 1951 for the 1last time.
Scirpus fluitans was seen in 1951 only. Glyceria fluitans, which was found
in small herds along the shores of the northern offshoot in 1951 and in 1977
seems to have decreased. As mentioned before, it is not impossible that this
species has been confused with Sparganium angustifolium by earlier authors.
The latter specles is decreasing, because before 1960 it occurred much more
abundant and also fertile (Photo 5).

The decline of species which are characteristic for 1low alkalinity
waters 1is typical for acidifying moorland pools (Van Dam & Kooyman 1978,
Roelofs 1973).

Kliplo

The present submerged vegetation is dominated by Potamogeton natans.
The floating leaves cover only about one or a few percents of the surface
area, but the submerged stems with small leaves form a dense underwater
network. Only in the northeastern and southeastern corner are some places
without this species (Fig. 17). Sphagna are present at some nearshore
habitats. The very rare Sparganium angustifolium is present with a few
individuals near the northeastern shore.

On the sandy beach in the southeastern corner Juncus bulbosus,
Hydrocotyle vulgaris and Eriophorum angustifolium are present. The latter
species forms a small stand in the southwestern corner of the pool. The
northern shore is set off with a belt of Phragmites australis, which occurs
also locally on the southern shore. Potentilla palustris is found everywhere
along the western and northern shore and Carex rostrata is also regularly
found along the shores. Furthermore, Menyanthes trifoliata is present near
the small island.

The species mentioned above were also recorded during earlier
investigations and are listed in Table 18. Although few of the old reports
include quantitative data, the observations seem to indicate that the
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Fig. 25. Tongbersven-West, 20 September 1984. Outline-map of vegetation. 1 = Erica-Molinia, 2 = bog carr, 3 =
Myrica, 4 = lagg zome, 5 = quivering bog, 6 = open water, 7 = ditch with dam, 8 = rudimentary ditch.

abundance of Potamogeton natans increased over the last decades, while
Sparganium angustifolium decreased (Photo 9, 10). This tendency is 1in
accordance with observations by G.J. Baaijens (pers. comm.). According to
Bei jerinck (1926) and Wartena (1954) also Utricularia minor was present in
larger quantitites. This species is not mentioned by other authors and has
been seen only in small quantities in recent years (G.J. Baaijens pers.
comm. ).
Acidification is not obvious from changes of the vegetation and flora.

Tongbersven—-West

A sketch of the vegetation of this small pool is given in Fig. 25. The
vegetation is rather different from the other investigated pools, because it
is filled up with a quivering bog for a large part.

The open water of the most western (largest basin) is partly colonized
by Utricularia minor (Hofman &Janssen 1986). One of the first pioneers of
the terrestrial phase is Eleocharis multicaulis. In the quivering bog around
and between the three patches of open water Molinia caerulea, Sphagnum spp.,
Rhynchospora alba, Drosera rotundifolia, Oxycoccus palustris, Eriophorum
angustifolium, Erica tetralix and Polytrichum sp. are the most important
taxa. Drosera intermedia occurs in small quantities (Hofman &Janssen 1986).

At the transition between the floating bog and mineral soil is a lagg
zone with bare mud, Sphagnum species and Molinia caerulea and, more rarely,
Utricularia minor. Especially in the western part Juncus effusus occurs.
Betula pubescens grows very close to the mineral soils.

In the westernmost part of the bog is a small area with shrubs of
Myrica gale. On the mineral soil in the eastern and western tips small lots
of carr occur with Betula pubescens as the predominant tree species. Locally
Pinus sylvestris occurs. In the understory Molinia and Sphagnum are most
abundant. There is also a very small area with a wet heath vegetation of
Erica tetralix and Molinia caerulea (Fig. 25).

The flora and vegetation were studied before by Glas (1957), Beije
(1976) and Verschoor (1977). The records are listed in Table 18. Changes
over the last decades are of minor importance, although Nymphaea alba was
seen in 1957 and 1975 and not in 1983. Potentilla palustris and Menyanthes
trifoliata occurred only in .1957. Nuphar lutea was recorded in 1976 only.
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4 Fig. 26
5 Groot Hasselsven, 17 September 1984. Outline-map of
vegetation, 1 = open water with Drepanocladus
100 m fluitans, 2 = D, fluitans + Juncus effusus, 3 = D.

flultans + J. effusus + Molinia caerulea, 4 =

Phragmites australis, 5 = sampling station.

Groot Hasselsven

The flat and shallow sandy bottom of the pool is covered with a dense
mat of the moss Drepanocladus fluitans with some Juncus effusus (Fig. 33).
The vegetation of the open water gradually changes into the belt of marshy
vegetation, which was described in section 3.1.

The data collected by Van Donselaar (1957) are given in Table 18. He
found Eleocharis palustris and some Juncus bulbosus and Carex rostrata at
the southern shore. Drepanocladus fluitans was not recorded in 1957.

3.6 Previous studies on microphytes

Achterste Goorven

As stated in the introduction, the desmids have been thoroughly studied
by Heimans (1925, 1960) and Coesel et al. (1978). In the period 1916-25 114
species were found, whereas 79 species were observed in the years between
1950 and 1955. In both periods an assemblage of desmids characterizing the
oligo-mesotrophic environment was present and many rare species were well
represented. Heimans (1960) did not assess the decrease of the number of
species as a significant one, because he studied much more samples in
1916-25 than he did in 1950-55. Coesel et al. (1978), sampling the pool in
1975 found only 28 species, which indicated oligotrophic conditions. Rare
species did not occur any longer. They attributed these changes to
acidification by acidic atmospheric deposition. Also the decline of the
submerged aquatic macrophytes, an important habitat for desmids, may have
been attributed to the impoverishment of the desmid flora.

Koster (1960) studied the algae from some plankton tows and moss
squeezings, taken near our stations A and B in 1948-53. The dinoflagellate
Glenodiniopsis uliginosa, which is characteristic for acid humic waters,
poor in lime, peaked occasionally at station B.

Van der Werff (1960) made an inventory of the diatoms in 4 plankton
samples, taken in the period 1948-52. As the mean number of species in his
samples amounted only 14, his lists are certainly not exhaustive. Moreover,
the relative abundance of the diatoms was estimated with a very rough scale.
The only conclusion be drawn from this cursory investigation 1is that the
Achterste Goorven was a habitat for diatoms from (not extremely) acid,
virtually unpolluted waters.

Van Dam & Kooyman-van Blokland (1978) compared the diatoms 1in two
plankton samples, one towed in 1919, the other one in 1975. They found a
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serious increase of the relative abundance of acidobiontic species over this
period of 56 years, which they attributed to the acldification of wet and
dry deposition. Van Dam et al. (1981) studied the diatoms again. They
investigated the diatoms at the stations A, B, and E, taking one sample in
each of the years around 1920, 1950 and 1978. Their conclusion was that 1in
1920 a clear pH gradient existed, going from E to A. This gradient persisted
until c. 1950 and was largely faded away 1in 1978. Also the diversity
declined over the last 60 years.

Gerritsfles

According to Table 1 in Higler (1979) the microflora of the Gerritsfles
has been studied at ten occasions at least between 1916 and 1978. The
results have been reported by Heimans and Van der Werff in Dresscher et al.
1952, Higler 1979 and Schroevers and Van Dam & Sinkeldam in Van Dam et al.
1983. The diatoms were treated especially by Van Dam et al. 1981.

Schroevers gives a clear account of the changes in the non-diatomaceous
algae over a sixty-years period. Although the diversity of the microphytes
declined during this era, the pool is still a habitat for some rare and
interesting algae. The relative importance of blue-green and green algae has
increased over time. The desmid flora, however, severely impoverished. In
1918, 32 species were present and in 1931, 1950, and 1977 16, 20, and 14
species respectively. The typical Littorellion species disappeared, while
species of more acid waters, rich in mosses, increased. Already Heimans (in
Dresscher et al. 1952) concluded acidification of the pool from these
observations.

In the diatoms a two-fold development was observed. A clear shift from
circumneutral and acidophilous species (e.g. Eunotia bilunaris, E. incisa,
Brachysira vitrea fo. lanceolata) to acidobiontic species, pa;zlcularly
Eunotia exigua, could be assessed. On the other hand, a number of species
have appeared that are more or less indicative for a higher trophic level
(e.g. Cocconeis placentula, Melosira varians, Navicula cryptocephala).

Kliplo

Beijerinck (1924) gives the first account of algae and other micro-
organisms from Kliplo. This small publication preceded his magnum opus,
published in 1926. Cursory reports were published by Quispel (1941),
Brant jes (1972), and Roelfs (1981). Diatoms were studied by Van Dam et al,
(1981) and De Vries (1982, 1984). Other algae, especially desmids, were
studied by Wartena (1954), Smit (1976), Coesel & Smit (1977), and Goessens
(1983),

Goessens (1983) compared the numbers of desmids found by the several
authors. Beijerinck recorded 70 species in the early twenties. After the
first investigation, this number gradually decreases: in 1954, 58 species
were met, in 1973 56 and in 1980 still only 48. Also the kinds of species
changed. The earliest and latest reports have only 28 species in common.
According to Coesel & Smit (1977) the changes in the desmid assemblages
indicate a transition from an oligotrophic to an oligo-mesotrophic state of
the pool.

Van Dam et al. (1981) studied the diatoms from some samples taken in
1924 and 1978 in order to demonstrate acidification. Both the pH spectra and
the floristic composition indicated no apparent acidification. De Vries
(1982, 1984) studied the diatoms from plankton tows, taken on two places in
the pool with about six-week intervals between August 1979 and August 1980.
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Most abundant were Eunotia bilunaris, E, incisa, Frustulia rhomboides var.
saxonica, Tabellaria flocculusa, T. quadriseptata, Navicula subtilissima and
N. hoefleri. He could not observe important differences between his two
stations (one located near the sandy beach, the other near the island) and
throughout his period of observation. On the other hand, important
differences were found between diatom assemblages from different habitats
(e.g. plankton and emersed moss tussocks).

Tongbersven-West

A desmid sample from the westernmost basin was studied by Verschoor
(1977) and Coesel et al. (1978). They found Netrium digitus, Cylindrocystis
brebisonii and Tetmemorus laevis as dominant species between peat mosses and
bladderwort, while Euastrum binale var. gutwinskii, Micrasterias truncata
and Cosmarium cucurbita were less common. This assemblage is characteristic
for oligo- to slightly mesotrophic moorland pools, which are rich in peat
mosses,

Groot Hasselsven

No data on microphyte assemblages in the past are available.
3.7 DIATOMS

All the slides studied are listed in App. 18. All the taxa recorded,
with author names and acronyms of the names, which are used in most of the
Tables, are listed in App. 19.

As stated in Section 2.6 most diatom taxa were identified with the keys
listed by Van Dam (1984). Recent nomenclatorial and taxonomical changes
suggested by Krammer & Lange-Bertalot (1985) were followed.

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

Some species of the genus Anomoeoneis were transferred to Brachysira by
Round & Mann (1981). The infraspecific taxa were renamed by Ross in Hartley
(1986), excluding B. vitrea fo. lanceolata Van Dam (in Dickman et al. 1987).
The correct name for E. lunaris (Ehrenberg) Grunow should be E, bilunaris
(Ehrenberg) Noérpel (M. Norpel, pers. comm.). The infraspecific taxa E.
lunaris var. capitata (Grunow) Schoenfelt and var. excisa Grunow are
provisionally named E. bilunaris var. capitata and excisa respectively in
this report. Eunotia exigua var. meisteri (Hustedt) N6rpel was formerly
known as E. meisteri Hustedt (M. N&rpel, pers. comm.). Eunotia glaclalis
Meister 1includes both E. gracilis (Ehrenberg) Rabenhorst and E. valida
Hustedt (M., Nérpel, pers. comm.). The valves found during the present study
were originally identified as E. valida.

The identity of Eunotia rhomboidea has been discussed at length by Van
Dam et al. (1981). These authors postulate that this taxon is only an
asymmetrical form of the concept of E. tenella, as illustrated and described
by Hustedt (1932). However, recent research by M. N6rpel (unpublished)
demonstrated that this concept of Eunotia tenella does not cover the
original concept of this taxon. Therefore, this complex of both symmetrical
and asymmetrical forms should be named E. rhomboidea Hustedt. I have seen
the type material of this species in Bremerhaven. It includes both
symmetrical and asymmetrical specimina, which intergrade without any
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discontinuity. The original concept of E. tenella applies to the coarsely
striated, E. exigua-formed valves, as depicted by Petersen (1950). In the
counts the symmetrical and asymmetrical forms were separated.

Navicula leptostriata was described by Jprgensen (1948) from some acid
(pH 5.0-6.8) lakes in Denmark. After studying his type material I concluded
that N. heimansii Van Dam et Kooyman (1982) is a synonym of this name.

The material of N. hoefleri Cholnoky was in excellent agreement with
Figs. 30 and 31 in Ross & Sims (1978).

The name N. subtilissima Cleve may also have been wused for N.
pseudosubtilissima Manguin, which 1is impossible to separate from N.

subtilissima without an electron microscope. The ecology of both species is
very similar (Germain 1982).

The results of the counts are presented in full in the App. 20 to 26.
The serial numbers in these appendices refer to the slides studied, listed
in App. 18. The taxa with a relative abundance of at least 4 valves 1in one
slide are listed in the Tables 19 to 25, together with the number of valves
belonging to each of the classes of Hustedt's (1939) pH system in each
sample (SUM-ACIB, SUM-ACPH etc.) and the diatom-inferred pH according to
Renberg & Hellberg (1982) (PH-RENBE) and the weighted averaging method
described before. 1In the following the weighted-average pH (PH-WA) will be
discussed, if not especially mentioned. %ZPH-WA denotes the percentage of
valves counted that was used for the calculation of PH-WA. RESTACIB denotes
the number of valves of acidobiontic taxa which were present with less than
four valves in all samples from a sampling station. RESTACPH etc. are
defined similarly. RESTNOPH refers to those taxa that could not be classi-
fied in the pH system.

The total number of taxa (NRSPTOTA), number of taxa in the count
(NRSPCOUN) and dominance (DOMINANCE) are used as diversity measures (Van Dam
1982), In Table 26 the average relative abundance of the most important
diatom taxa in three periods is given, together with data on diatom-inferred
pH (PH-RENBE) and diversity measures.

Achterste Goorven

Station E was studied most intensively, because from this station
several samples which were taken before and after the extremely dry year
1921 were available. In this way it was possible to study the biological
effects of a drought in the past.

The diatom assemblages from the three sample stations (Fig. 8) are
rather different, particularly during the years 1919-29. After 1953, the
diatom assemblages of the three stations became more similar (Table 26). As
a whole the diatom assemblages in the years 1919-53 were typical for oligo-
to mesotrophic, weakly to strongly acid pools. Species 1like Brachysira
brebissonii, Cymbella gracilis, Eunotia elegans, Peronia fibula and Navicula
leptostriata are rather common in most of the o0ld samples and are rare
elsewhere in The Netherlands and adjacent areas of Belgium and Germany.
Moreover, a number of other rare taxa of more accidental occurrence, e.g.
Amphora veneta var. capitata, Cymbella incerta, C. hebridica, Eunotia
praerupta, Pinnularia nobilis and Stauroneis anceps fo. gracilis were found.
The following rare taxa were only seen before 1953: Amphora thumensis, A.
veneta var., capitata, Cymbella cesatii, C. hebridica, Navicula festiva, N.
hassiaca, Pinnularia braunii (incl. var. amphicephala), P. hemiptera and P.
legumen. These taxa are characteristic for slightly acid to neutral water
with a low conductivity.

The differences between the diatom assemblages from different stations
and periods are best seen from Table 26. For the calculation of the values




Table 19

ACHTERSTE GOORVEN station A. All diatom taxa with a relative abundance of at
least 4 valves in at least one sample, pH indices (R), pH spectra, diatom—-
inferred pH (PH-RENBE = according to Renberg & Hellberg (1982), PH-WA = by
weighted averaging, Z(PH-WA) = percentage of valves used for calculation of
PH-WA) and diversity indices. Kind of sample: PE = periphyton, PT = plankton
tow. O = taxon present outside the count, - = taxon not found.

YEAR 19 19 29 52 53 78 79 80 80 81 8L 82 82 83 83 84
MONTH 9 12 7 6 8 11 11 5 11 5 11 5 11 5 11 5

KND OF SMPLE PT PT PE PT PT PT PT PT PT PT PT PT PT PT PT PT

R SPECNAME
I ANOMSERI - - - - 5 4 0 0 ~- 1 - 0 1 =- - 3
1 EUNOEXIG - 10 0 6 - 256 149 217 379 136 276 255 250 396 300 153
1 FRUSRVSA 12 3 7 10 57 19 34 25 3 40 15 27 21 1 5 9
| NAVIHOEF - - - - 0 =- 7 1 - 9 6 0 3 - 1 1
| NAVISUSB 1 1 5 2 6 12 4 7 - 9 3 2 2 - 0 O
1 PINN363A - - - 5 - ~ - - - - - - - - . .
1 TABEQUAD 0 1 0 2 31 19 15 11 O 10 13 15 17 0 2 8
1 RESTACIB - - - -~ =~ = =~ 1 - = = = - - - -
2 ANOMSBET - - - 11 - 1] - - - - - - -
2 ANOMSVBR - - 0 - 12 19 33 13 23 16 11 15 0 4 3
2 CYMBGRAC 22 0 12 6 - o0 2 7 - 4 2 1 7 - - 3
2 EUNOALPI 3 2 - - - - - - 0 - - - - -
2 EUNODENT - &4 =- = = - = = - - - - - - - -
2 EUNGELEG 1 0 1 10 2 4 11 5 - 6 3 4 1 - - 0
2 EUNOPMEI 4 - 3 - 0 - 3 0 0 t 1 3 1 - 0 -~
2 EUNOPRAE 4 0 0O 2 - 0 0 0 O ! 1 0 t - 0 O
2 EUNOPYMI O - =- 17 - - - - - 0 - =- 0 - - -
2 EUNORHOM 2 - O 30 78 21 23 7 1 13 7 8 21 0 1 &
2 EUNOTENE - ! 0 3 - =~ 7 - 2 - &4 1 2 = = -
2 EUNOVENE 1 0 5 27149 5 7 6 4 3 5 9 1 - 0 7
2 NAVIHEIM 0 0 10 4 1 0 2 1 =- & 1 - 1 - = 2
2 NAVIMEDI - -~ 2 - &4 2 5 5 2 7 2 6 1 - 0 ©
2 PEROHERI 0 - 0 5 1 - 1 0 1 3 0 - 0 - - 0
2 PINRSILV - - - Il - - - = - - = 0 - - = =
2 STENINTE - - - 0 & 00 - - - - - - - =
2 RESTACPH - 1 1 9 &4 2 1 3 - 2 1 - 2 - = -
3 ACHNMINU 88 189 112 44 1 1 2 2 - 1 1 2 - - 0 =
3 ANOMEfLA 76 38 87 11 3 7 18 S 1 26 4 8 lo 0 2 2
3 EUNOLUNA O O 1132 39 4 1 2 0 3 2 5 2 2 78199
3 FRAGVIRE O - 20 13 0 20 53 49 2 56 13 20 17 0 & 3
3 GOMPGRAC | 0 - &4 ~- - - 0 - - 0 - - - - =
3 NITZGRAC | - 0 6 1 - - G - - - 0 - - - =
3 PINNINE - O - =- 0 1 &4 7 0 6 6 2 2 0 1 2
3 RESTCIRC - 1 2 5 - 2 2 - - - - 1 - - - 1
4 ACHNHUNG - 0 - &4 = = = - =~ =« - - - .« - .
4 ANOMEXIL - 0 7 0 - 0 - 1 - - - 0 - - - =
4 COCCPLAC - - - &4 - 0 - - 0 - - - - - -
4L CYMBMICR 183 145 73 4 0 0 S5 6 ~- 4 6 6 - - 0
4 FRAGGWE - - - = - - &4 -~ - - - - - - - =
4 NITZPERM O O 40 1 1 ©O0 7 19 1 19 13 13 10 1 2 o
4 RESTALPH 1 4 2 3 - 1 - - - - =« 1 = - - =
5 RESTALKB - - - 2 -~ = = - = - - - - < - .
0 RESTNOPH - - - 2 1 = - - - =« - - - - -
1 SUM-ACIB 13 15 12 25 99 310 209 262 382 205 313 299 294 397 308 174
2 SUM-ACPH 37 8 34 140 255 54 95 47 14 67 43 43 59 - 5 19
3 SUM-CIRC 166 228 222 215 44 35 80 65 3105 26 38 31 2 85 207
4 SUM-ALPH 184 149132 16 1 1 16 26 1 23 18 20 16 1 2 -
5 SUM-ALKE - - - 2 - - - - - - - - . - _
0 SUM-NOPH - = - 2 1 - - - = =« < - - - _ _
PH-RENBE 6.4 6.3 6.3 5.9 4.7 4.3 4.9 4.8 3.5 5.0 4.6 4.7 4.6 3.5 4.6 5.1
PH-WA 6.8 7.2 6.8 5.1 4.8 4,3 4.7 4.5 4.1 4.8 4.3 4.3 4.3 4.0 4.1 4.3
Z(PH-WA) 46 62 63 76 96 97 91 90 100 88 92 93 93 100 99 98

NRSPTOTA 36 53 36 61 34 44 37 40 21 40 34 34 31 11 21 28
NRSPCOUN 15 15 18 41 20 20 26 23 11 24 23 21 23 4 11 15
DOMINANC 183 189 112 132 149 256 149 217 379 136 276 255 250 396 300 199
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in this table the Sphagnum squeeze samples from Table 21 and App. 22 have
not been included.

In the period 1919-29 large differences between the stations existed.
Station A was dominated by Achnanthes minutissima, Cymbella microcephala and
Brachysira vitrea fo. lanceolata. Nitzschia perminuta and Cymbella gracilis
were subdominants. Station B was dominated by Navicula leptostriata and
Fragilaria virescens, with Frustulia rhomboides wvar. saxonica, Brachysira
exilis fo. 1lanceolata and Nitzschia perminuta as other important taxa. At
station E Frustulia rhomboides var. saxonica, Tabellaria quadriseptata,
FEunotia incisa and Navicula leptostriata were dominant taxa. The latter
diatom assemblage is quite similar to the present assemblage of Kliplo

Table 20

ACHTEFRSTE GOORVEN station 3. All diatom taxa with a relative abundance of at least 4 valves
in at least one sample, pH indices (R), pH spectra, diatom—inferred pH (PH-RENBE according
to Renberg & Hellberg (1982), PH-WA = by weighted averaging, %(PH-WA) = percentage of
valves used for calculation of PH-WA) and diversity indices. Kind of sample: PT = plankton
tow, SS = Sphagnum squeeze. O = taxon present outside the count, - = taxon not found.

YEAR 25 26 26 28 29 50 52 53 75 78 79 80 80 81 81 82 82 83 83 84
MONTH 7 4 9 8 7 8 6 8 9 11 11 S5 11 5 11 5 11 5 11 5

KND OF SMPLE PT PT PT PT PT PT PT S5 PT PT PT PT PT PT PT PT PT PT PT PT

R SPECNAME
| EUNOEXIG - - - - = - - 9156 352 340 289 399 322 398 392 389 358 357 255
] FRUSRVSA 32 58 29 45 25 33101 30 19 S5 3 15 - Il - 2 1 6 12 4
1] NAVIHOEF 0 0 - 0 0 - - - 0 - 1 5 - 2 - 0 0 1 - 0
L NAVISUSB 3 6 &4 &4 1 11 - 4 2 0 0 3 - 1 - 0 - 1 1 0
| TABEQUAD 1 O 1 2 0 21 25 59 56 5 6 9 0 4 0 1 0 4 4 13
L RESTACIB - - ~ = = = = = = =+ =« - - 2 =« - - = - -=
2 ANOMSVBR 2 &4 6 7 9 39 13 8 15 3 1 2 - S 0 1 1 0 - 1
2 CIMBGRAC 9 17 11 3 4 1 1 8 0 0 0 1 - 0 1 0 - 0 0 0
2 EUNOELEG 7 5 13 15 5 3 6 2 2 0 0 - - 0 = € =- 1 = 1
2 EUNOPECT O 0 - &4 - = = = = = = = = 0 = = = = = =
2 EUNOPMFI 2 1 - 12 4 - - - - - 0 - - 0 - - = - -0
2 EUNOREOM 1 O 6 O 3 16 14 20127 S 14 12 - 11 - 1 1 7 2 4
2 EUNOVENE 11 L S5 9 2 59135127 i1 3 2 5 1 4 0 0 O & 3 2
2 NAVIHEIM 83 94120 58 62 9 6 9 - 2 0 4 - 2 1 - - 1 - 1
2 NAVIMEDI 4 &4 9 7 9 9 6 - 2 1 0 6 - 2 - 0 5 = 3 0
2 PERONERI 5 5 4 8 3 2 2 6 0 - - 0 =-,2 - -~ =- 0 - 0
2 STENARCT - - 0 =- - 1T = = = — == = — « = - = == = =
2 STENINTE O 0 0 0 0 6 0 3 - 0 0o - 0 - 0 - 0 0 -
2 TABEFLOC 10 1 6 7 9 5 2 0 1 1 o - 2 - 0 0 0 O
2 RESTACPH 1 1 6 3 1 - 3 4 1 2 - 2 - - - = - - - 1
3 ACHNMINU 3 4 2 5 4 6 - 2 - 0 1 3 - - - - 0 1 - =
3 ANOMELA 67 54 53 19 34 4 11 11 3 4 2 8 - 4 0 - 0 0 1
3 EUNOLUNA 19 19 4 7 10 22 52 23 1 3 0 Ll - 2 - 0 1 5 8102
3 PRAGVIRE 46 56 64 141 119 74 17 59 2 7 24 3 - 17 - 1 0 11 9 10
3 NITZCRAC 2 3 6 4 0 5 2 1 0 0 - = - - = = - - -0
3 NITZHANT - - 0 - = & = = = 2 = = - - = - - - - -
3 RESTCIRC 1 - - 4 1 6 1 1 1 - & 2 - 1 - 2 = = = =
4 ANOMEXIL 6 9 - 3 9 6 - - - 2 - - - - - - - - - -
4 CYMBMICR 7 4 3 6 2 4 2 - 0 1 - 0 - 1t - - 2 =- = 2
4 NITZPERM 78 54 48 27 84 1 1 11 2 3 - S - 0 0 - - 0
4 RESTALPH - -~ - - = 2 = 3 1 = = = = - = - -+ = - -
0 NAVICBRE - - - = = 5 = =— = = = = - = = - - - - -
| SUM-ACIB 36 64 34 51 26 65 126 102 233 362 350 321 399 342 398 395 390 370 374 272
5 SUM-ACPH 135 133 186 133 111 156 188 187 159 17 17 32 1 28 2 2 7 13 8 10
3 SUM-CIRC 138 136 129 180 168 161 83 97 7 16 31 44 - 24 - 3 1 17 18116
4 SUM-ALPH 91 67 51 36 95 13 3 14 1 5 2 3 - 6 - - 2 - -~ 2
5 SUM-ALKB - - - - = = = = = = = = - = = - - = == -
O SUM-NOPH - - - =- = 5 - = = - - - = - - - - - = =
PH-RENBE 5.8 5.6 5.6 5.6 5.9 5.4 4.9 5.1 3.9 4.2 4.2 4.4 = 4.3 = 3.2 3.6 3.9 3.9 4.7
PH-WA 5.8 5.7 5.9 5.7 5.8 5.3 4.8 5.1 4.5 4.1 4.2 4.3 4.0 4.2 4.0 4.0 4.0 4.1 4.1 4.2
Z(PH-WA) 71 75 78 78 72 88 97 92 99 98 99 98 100 98 100 100 100 100 100 99

NRSPTOTA 40 43 52 51 36 48 25 29 28 43 33 34 4 41 10 26 24 29 20 34
NRSPCOUN 23 20 23 28 21 30 20 24 16 17 13 20 219 3 8 7 12 10 15
DOMINANC 83 94 120 141 119 74 135 127 156 352 340 289 399 322 398 392 389 358 357 255




Table 21

ACHTERSTE GOORVEN station E. All diatom taxa with a relative abundance of at least 4 valves 1In at least one sample, pH
indices (R), pH spectra, diatom inferred pH (PH-RENBE = according to Renberg & Hellberg (1982), PH-WA = by weighted averaging,
Z(PH-WA) = percentage of valves used for calculation of PH-WA) and diversity indices. Kind of sample: BL = blobs, JB = Juncus
bulbosus epiphytes, PT = plankton tow, SQ = squeeze of coarse organic material. 0 = taxon present outside the count, - = taxon
not found.

YEAR 19 19 20 20 21 22 22 22 24 25 26 28 75 78 79 79 80 80 80 80 80 81 81 81 82 82 83 83 84
MONTH 6 9 2 8 8 8 10 10 4 5 4 8 9 11 11 12 2 3 &4 5 11 5 5 11 5 1t 5 11 5

KND OF SMPLE PT PT PT PT BL BL PT PT PT PT PT PT JB PT PT SQ SQ SQ SQ PT PT SQ PT PT PT PT PT PT PT

R SPECNAME
1 ANOMSERI 6 - -2 - - - - - - - - 838 3 0 - 0 -~ - 0 2 - - 0 0 O & 1 0
1 EUNOEXIG - - 2 - - - 0 3 0 - - -153291 398 394 390 393 399 395 381 393 392 399 398 398 377 348 352
1 FRUSRvSA 102 187 46 103 76 182 73 113 114 121 100 55 17 12 - 1 3 0 1 2 o 0 0o 0 0 5 o0 7
1 NAVIHOEF 4 15 2 12 1 - 0 8 18 2 2 0 - - ~ - - -4 4 4 4 4 4 = - - 0
1 NAVISUSB 57 61 12 41 11 - 2 14 10 25 48 2 - 4 = = = = = = =« - @ - - - - o
1 TABEQUAD 108 55 213 122 16 15 17 70 25 46 30 01246 12 0 2 3 2 0 1 11 5 0 0 0 1 2 & &
1 RESTACIB - - 1 - - - - - 2 - - - - - - - 4 7 - - - 4 - - = - 2 - o
2 ANOMSvBR - - - - - - - - - - - 6 813 - - 0 0 0 - - - - 0 0
2 CYMBGRAC 0 - - - - - + - - - 4 4 - - - - - - - = . - - -
2 EUNOALPI 2 0 - - - - =11 = - - - - - - - - - - - - - - - .Za
2 EUNOELEG - 0 3 - 0 - 2 1 9 2 2 8 - 4 = « =4 4 4 4 4 4 a4 . -4 -4 - -
2 EUNORHOM 1z - - - - - - - - - 7 8 17 - 2 0 2 0 0 1 0 - - 0 - 0 6 7
2 EUNOTENE - - - - - - - 4 2 -~ - - -4 14 1 - - - = - 2 =+« - - - 4 4 4 -
2 EUNOVENE 69 27 83 15 10153 118 41 62141111 6 2 12 =- - = - = - 1 =~ - 0 0 0 0 - 0
2 NAVIHEIM 0 22 5 67277 3 83 92 97 2 22116 - 3 - =~ = = = =4 =4 4 4 -4 4 - - - _
2 NAVIMEDI - - - - - - -0 - - -5 90 1 - 0 - - 0 - - - - - - - 0 2 -
2 PEROHERI - 0 - - - - 8 1 5 4 2 11 0 1 - - - - - - ~ - - - - -
2 TABEFLOC - 7 - - 2 0 I 2 1 - 14 - 1 0o - - 0 o - - - - - - 0
2 RESTACPH 1 1 - - - 2 = - - = - 7 - 4 4 4 4 4 4 - 4 4 we = - 1 2 - =
3 ANOMEfLA 20 - - - - 9 68 19 14 9 - 35 0 4 - O - 0 - - = - - 1 0 0O O 0 O
3 EUNOLUNA 36 28 24 38 9 32 29 14 40 47 8 1z 1 2 - 0 4 1 O 1 1 2 - - 2 0 4 39 27
3 FRAGVIRE - - - - - - - - - - -84 - 0 - = = = 4 0 =~ = - = - - 90 - -
3 PINNINTE ¢ o - 0o 0 - - 0 0 O O O O 6 - O O O O O 0 O - 0 O 0 0 0 2
3 RESTCIRC -2 - - - - - 2 - - - 3 1 3 - - - - - 1 = = 2 = = - - - =
4  ANOMEXIL - - - - - 2 = 0 - - = 4 = e = - e e -4 4 - a .- e
4 FRAGCWVE E T S
4 NITZPERM - -~ - - - - 0 - - - -3 - - - - - - 0 = - = = = = -« - 0 =
4 RESTALPH - - 2 - - - - - - - - 2 =« - 1 1 = =« = = - « 6 - - = - - -
1 SUM-ACIB 271 318 276 280 104 197 92 208 169 194 180 57 302 322 398 397 396 397 400 398 395 398 392 399 398 399 390 353 363
2 SUM-ACPH 73 52 98 82 287 160 211 157 177 150 137 184 96 63 1 2 - 2 - - 4 - - - - 1 2 8 8
3 SUM-CIRC 56 30 24 38 9 41 97 35 54 56 83114 2 15 - - 4 1 - 2 1 2 2 1 2 - 4 39 29
4 SUM-ALPH - - 2 - - 2 - - - - =45 - - 1 1 - - - - - - 6% - - - 4 - -
S SUM-ALKB - - - = - - - - - = - - - - -+ - - - - - 4 4 4 4 - - - 4 4
PH-RENBE 4.4 4.2 4.2 4.3 4.0 4.5 5.0 4.3 4.6 4.5 4.7 5.5 3.2 3.9 3.3 3.3 3.3 2.8 - 3.1 2,8 3.1 4.0 2.8 3.1 - 3.9 4.2 4.1
PH-WA 4.6 4.4 8,7 4,7 5,8 4.6 5.4 5.0 4.6 5.1 4.6 5.7 4.5 4.2 4.0 4,0 4.0 4.0 4.0 4.0 4.0 4.0 4,0 4.0 4,0 4.0 4.0 4.1 4.1
Z(PH-WA) 99 96 98 97 100 99 98 96 98 92 99 81 98 99 100 100 100 100 100 100 100 100 98 100 100 100 99 100 100

NRSPTOTA 19 17 13 15 13 10 17 36 20 12 13 43 15 38 7 12 10 10 13 11 11 8 17 7 10 9 16 14 16
NRSPCOUN 10 10 12 8 7 9 9 16 13 11 9 23 9 20 3 5 &4 S 2 5 8 3 8 2 2 3 9 6 1
DOMINANC 108 187 213 122 277 182 118 113 114 141 111 116 153 291 398 394 390 393 399 395 381 393 392 399 398 398 377 348 352

(Table 26), which is a humic pool. Particularly Frustulia rhomboides wvar.
saxonica is known as an indicator of humic acid waters. Presumably Achterste
Goorven was, at least near station E, more humic in the past than it is
presently,

In the period 1975-84 the similarity between the three stations is much
greater than in 1919-29. Eunotia exigua, an acidobiontic species, is the
dominant species on all the stations and its abundance is larger than that
of any of the dominant species sixty years ago. The relative abundance of
Eunotia exigua increases from station A to E. In contrast circumneutral
diatoms 1like Eunotia bilunarls and Fragilaria virescens decrease from
station A to E in the most recent period.

The period in between, 1950-53, was investigated at the stations A and
B. The majority of the species of the earliest period was still present,
although the relative abundance of alkaliphilous species, 1like Nitzschia
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Fig. 27. Changes in the relative abundance of acidobiontic diatoms in Achterste Goorven (station E),

perminuta and Cymbella microcephala, was much lower than in 1919-29. The
same is true for circumneutral taxa such as Achnanthes minutissima and
Brachysira exilis fo. lanceolata. Species which are characteristic for acid
waters, e.g. Tabellaria quadriseptata, Eunotia rhomboidea and especially
Eunotia 1incisa are more abundant in 1950-53 than in 1919-29. Particularly
the latter specles developed optimally in the intermediate period.

The diatom—inferred pH (Table 26) within the period 1919-29 gradually
declines from 6.9 at station A, via 5.8 at station B to 4.9 at station E. In
1975-84 these values are 4.3, 4.1 and 4.1 respectively. The values during
the period 1950-53 at stations A and B are in between. Thus the diatom-
inferred pH has its largest decline (1.6 units) at station A and its
smallest decline at station E (0.8 unit). These changes are statistically
significant (Table 27). The pH gradient, which was present sixty years ago,
apparently still persists, although the extremes are closer together and the
diatom-inferred pH indicates acidification at all sampling stations. The
present gradient 1s not detectable by direct measurement of pH (Section
3.4.3).

The series of samples taken at station E between 1919 and 1928 includes
the extremely dry year 1921, when a large proportion of the bottom of the
pool was exposed to the atmosphere (Section 3.3.2). In August 1921, and also
August 1922, it was apparently impossible for Heilmans to collect the usual
plankton tow samples, as he collected "klodders" (blobs). The species
composition of the diatom assemblages as well as the diatom—inferred pH were
not essentially different before and after the dry year. After the dry year
1976 a considerable increase of Eunotia exigua occurred (Table 21, Fig. 27).

The results, presented in the Tables 19, 20, and 21, mainly refer to
plankton tow samples, but occasionally epiphytic diatoms from Juncus
bulbosus, Sphagnum etc. have been studied. The differences between plankton
tow samples and other samples from the same period are negligible, if
present at all. Also no 1indications are found for seasonal changes by
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inspection of Tables 19, 20, and 21. Both the variation between substrates
and the seasonal variation is less than the variation between two plankton
tow samples taken at station E on October 21, 1922 (Table 21).

In total 151 diatom taxa were observed at the three stations A, B, and
E over the period 1919-84 (Table 28). The species richness lowers from west
to east as 109, 99, and 92 taxa were found at these stations respectively.

The number of taxa found at each of the stations during the periods
1919-1929 and 1975-84 seems to be constant (65-76), but taking into account
the comparatively small number of samples during the earliest period the
number of taxa has declined since (Table 28). This agrees with the average
total number of species in the sample and the number of species 1in the
count, which declined significantly between these two periods. The dominance
increased significantly over the same range of time (Tables 27, 28).

Thus over the last sixty years both the diversity within the whole pool
and the diversity at each sampling station decreased. The dissimilarity
between the three sample stations decreased too.

Gerritsfles

The seven diatom samples, taken in 1916 and 1918 by Heimans (Table 22)
are from several localities in the pool. Unfortunately the exact position of
most of his sample stations is not known. The third sample in the table
(from Utricularia minor?) was not taken in the open water, but in the marshy
area at the NW side of the pool. Also the 1localities of the sampling
stations from 1950 wuntil 1974 could not be traced. The samples taken in
1964, 1965, and 1977 are from the cove on the SE side of the spit near the
permanent sample station (Fig. 15). All samples from 1978 onwards were taken
at the permanent sample station.

For the calculation of the mean relative abundances of the most
prominent diatom taxa, the diversity indices and diatom-inferred pH (Table
26) the sample from April 1970 (Table 22) was skipped, because it is
obviously contaminated with diatoms from eutrophic waters, e.g. Asterionella
formosa, Fragilaria crotonensis and F. ulna. This sample was taken during an
excursion when different types of water were investigated (Brantjes 1972)
and left out of consideration for the calculation of the number of taxa
which was found in Gerritsfles. The non-plankton tow samples from 1977 and
1978 and also the first plankton sample of November 1978 in Table 22 were
skipped for the calculations of average values.

As a whole the diatom flora of Gerritsfles (Tables 22, 26, App. 23) is
typical for strongly to extremely acid waters. Taxa like Brachysira vitrea
and Navicula subtilissima are rather common in the eldest samples and are
rare elsewhere in The Netherlands and adjacent areas of Belgium and Germany.
Besides, a number of other rare taxa were present rather regularly in the
eldest samples and gradually declined in later years (Cymbella gracilis,
Navicula leptostriata, Neidium affine var. longiceps and Stauroneis anceps
fo. gracilis. Eunotia diodon, E. meisterii, Navicula festiva and N. cf.
variostriata were present before 1961 with small quantities, but have not
been refound.

The differences between the periods 1916~18, 1950-60, and 1964-84 are
best seen from Table 26. In the first period Eunotia incisa and E. bilunaris
were dominant taxa, while Brachysira vitrea fo. lanceolata, E. " rhomboidea
(asymmetrical and symmetrical forms), Frustulia rhomboides var. saxonica and
Navicula subtilissima where subdominant. In the second period E. rhomboidea
(predominantly asymmetrical forms) and F. rhomboides var. saxonica were
dominant taxa, while E. incisa was subdominant. In the most recEEE_SE;Ibd E.
exigua became dominant with a mean relative abundance of 314 valves. F.




Table 22

GERRITSFLES. ALL dlatom taxa with a relative sbundance of at least 4 valves In at least one sample, pH indices (R), pH spectra, diatom-{inferred pH (PH-RENBE
according to Remberg & Hellberg (1982), PH-WA = by welghted averaging, %(PH-WA) = percentage of valves used for calculation of PH-WA) and diversity indices.

Kind of sample: BA = Batrachospermum, BO = bottom marerial, EP = epipsaumon, PT = plankton tow, SP = sedimentation plankton, UT = Utricularia minor? 0 =
taxon present outside the count, ~ = taxon not found,

YEAR 16 16 16 18 18 18 18 50 50 51 60 64 64 65 65 70 73 74 77 77 78 78 78 78 78 79 80 80 8% 81 8f 82 82 83 83 B84
MONTH 6 6 7 6 7 7 7 9 9 9 7 5 11 4 10 4 6 4 111 8 11 tp 11 11 %1 5 11 2 5 11 5 11 5 11 5

KND OF SMPLE BA PT UT PT BO PT PT PT? PT? PT PT PT PT PT PT PT PT PT PT B0 SP PT PT EP PT PT PT PT PT PT PT PT PT PT PT PT

R SPECNAME
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rhomboides var. saxonica was the only subdominant taxon.

The diatom-inferred pH (Table 26) declines significantly (Table 27)
from 4.8 to 4.1 over the last 70 years.

The major break in the long-term development of the diatom assemblages
in the pool Gerritsfles is between 1960 and 1964 (Table 22). In that period
the constantly low relative abundance of c. 20 valves of Eunotia exigua
changed to a constantly high relative abundance of c. 317 valves (Fig. 28).
At the same time other taxa (e.g. E. rhomboides, E. 1incisa, Tabellaria
flocculosa) declined all of a sudden. Pinnularia microstauron developed
optimally in this period of transition. Rapid inspection of a sample of
October 1958 (leg. P. Leentvaar) confirmed these observations. Presumably
these changes were induced by the extremely dry summer of 1959 (Schuurmans
1977), when probably a large part of the bottom of the pool fell dry. The
concomlitant release of sulphate from the sediment after refilling
(Vangenechten et al., 1981, Van Dam et al., 1981) may have induced the
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Fig. 28, Changes in some chemical parameters and relative abundance of acidobiontic diatoms in Gerritsfles.

enormous Increase of Eunotia exigua and the decrease of other species with a
time lag of a few years. As a matter of fact the pool of sulphur compounds
in the sediment probably was formed during decades of high wet and by
deposition of atmospheric sulphur,

The results, presented in Table 22, mainly refer to plankton tow
samples, but occasionally epiphytic or bottom-dwelling diatoms have been
studied. The Batrachospermum sample from 1916 differs from other samples in
its period by the high relative abundance of Eunotia bilunaris and the
Utricularia minor? sample by its high relative abundance of symmetrical
forms of E. rhomboidea and Pinnularia appendiculata. This sample was not
taken from the open water but from the shallow, marshy area at the NW side,
which falls frequently dry in summer. The bottom sample is not different
from other samples within this period. The Sphagnum samples of November 1977




- 74 -

Table 23

KLIPLO. All diatom taxa with a relative abundance of at least 4 valves in at least one
sample, pH indices (R), pH spectra, diatom-inferred pH (PH-RENBE = according to Renberg
& Hellberg (1982), PH-WA = by welghted averaging, %(PH-WA) = percentage of valves used
for calculation of PH-WA) and diversity indices. Kind of sample: PT = plankton tow, SP =

sedimentation plankton. O = taxon present outside the count, - = taxon not found.
YEAR 26 29 48 58 62 64 70 72 72 78 79 80 81 81 82 82 83 83 84
MONTH 8 6 5 S 8 S 4 7 7 11 10 S 5 11 S 11 5 11 5

KND OF SMPLE PT PT PT PT SP PT PT PT PT PT PT PT PT PT PT PT PT PT PT

R SPECNAME
1 ANOMSERLT -~ = - - = = = = 8 - - - = - - - - - =
1 EUNOEXIG 0 O 3 6 11 19 6 76 1 3 4 3 0 1 0 3 8 0
| FRUSRVSA 56 25 25 23 29 44 S4 271 224 28 198 154 68 96 95 129 21 64 70
| NAVIHOEF 11 13 &4 2 - 1 3 - 79 37 2 7 13 1 24 18 1 &4 11
1 NAVISUSB SO il 1 2 8 39 26 O 2 77 50 42 & 137 46 95 28 99 144
| TABEQUAD 22 12 12 1 0 1 2 6l O 4 8 &4 3 2 18 4 3 4 2
1 RESTACIB -~ - - - 1 &4 1 - = - - - 1 = - - - - -
2 CYMBGRAC - & 27 - - - - - 1 1 = 0 - 0 0 - 0 0 O
2 EUNOPOLY - 5 4 0 0O 2 2 - - 8 0 ! 1 0 3 0 3 0 0
2 EUNORHOM 25 3 8 & 34 7 50 5 0 21 22 45 83 39 20 42 241 100 SI
2 EUNOTENE 8 O 0 - 16 2 2 2 - 10 1 1 &4 1 2 6 1 2 O
2 EUNOVENE 96 34 21 8116 1 6 6 1 20 5 37 16 22 11 20 57 52 33
2 NAVIHEIM- 2 88 78 101 1 39 25 18 L 98 5 13 6 22 93 30 7 5 11
i 2 STAUAEGR 0 0 10 1 0 3 - - - 3 0 t - 1 1 3 0 1 0
2 TABEFLOC 72 116 36 38 50 13105 22 0 9 SI 21 82 9 21 15 15 16 25
2 RESTACPH - =~ =- = 1 - &4 - - S - - 1 - 2 2 1 -
3 ACHNMINU 10 -1 10 - - 1 1 =- = = = - - 0 =- 1 = = =
3 ANOMEfLA 1 3100 197 28 87 27 2 0 22 5 18 15 8 32 12 7 0 11
3 EUNOLUNA 35 82 3 9 96 47 4 2 1 10 35 26 90 58 12 10 10 41 25
3 FRAGVIRE - 1 39 1 3 4 - = 4 3 1 1 1 0 5 2 0 0 &
3 NITZGRAC - O 9 7 9 72 3 - 1 1 13 17 2 2 5 2 2 0 10
3 PINNINFE O 0 2 1 0 3 0 0 - 7 t &4 6 2 8 7 0 3 3
3 RESTCIRC - 1 6 1 2 8 1 1 1 2 - 4 1 =- - 2 - 1 =
4 ACHNLANC 5 - = - = = = = - - - - - - - - - - -
4 ANOMEXIL 1 - -~ = = 2 - - - 5 - - - - + 0 - - -
4 ASTEFORM = - = = = = 6 = = = =~ =~ - _ - - - -
4 DIATELON - - = - = = 6 - - = = =~ - =« ~ - - - -
4 GOMPACLM - - - - - 4 - - - - - - - - - - . ..
4L COMPPARY 5 - S 0 - 1 2 - 0 - =- - 001 - - - -
4 MELOITGR =~ - = = = = 33 =~ =~ = - ~ - - - - - . =
4 RESTALPH 1 1 - 1 = & 5 &4 1 1 - = = = - - =« - -
5 STEPROTG - - - - =~ = 13 = - = - =+« - - - - - - -
| SUM-ACIB 139 61 42 31 44 100 105 338 389 147 261 211 92 236 184 246 56 179 227
2 SUM-ACPH 203 250 184 152 218 67 194 53 3 175 84 119 193 94 153 118 325 176 120
3 SUM-CIRC 46 88 169 216 138 222 36 5 7 72 55 70 115 70 62 36 19 45 53
4 SUM-ALPH 12 1 5 1 - 11 52 &4 1 6 - - - - 1 = = = -
5 SUM-ALKB - - - -~ - = 13 - - - - - - - - - - - -
PH-RENBE 4.8 5.0 5.4 5.5 5.3 5.3 6.0 4.0 3.7 4.8 4.4 4.6 5.0 4.6 4.6 4.3 4.4 4.5.4.5
PH-WA 4.8 5.2 5.9 6.1 4.9 5.2 5.0 4.5 4.2 5.3 4.4 4.6 4.8 4.4 5.1 4.6 4.9 4.5 4.5
Z(PH-WA) 96 94 85 97 97 77 8L 99 78 85 96 93 96 99 92 94 99 99 95

NRSPTOTA 34 28 27 26 24 38 42 20 24 36 20 25 25 31 33 29 22 24 25
NRSPCOUN 16 16 22 17 16 30 28 15 13 23 15 19 19 14 20 20 15 14 13
DOMINANC 96 116 100 197 116 87 105 271 224 98 198 154 90 137 95 129 241 100 144

and August 1978 and the epipsammon material from November 1978 are not
essentially different from other samples from the same period, but the
bottom sample of November 1977 1is differentiated by relatively high
proportions of e.g. E. rhomboidea and E. incisa. The plankton tow samples of
November 1978 are from different places in the pool, but their composition
is very similar.

In total 94 diatom taxa were observed over the period 1916-84 (Table
28). In 1916-18 63 taxa were seen in 7 samples, in 1950-60 43 taxa in 4
samples and in 1964-84 62 taxa in 21 samples. If we take 1into account the
relatively large number of samples from the last 20 years, there seems to be
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Fig. 29. Changes of pH and relative abundance of acidoblontic diatoms in Kliplo.

a constant decrease of the species richness, at least since 1960. The
changes in the mean total number of taxa per sample (Table 26) have the same
pattern: constantly 23-24 taxa per sample before 1960 and only 12 in the
most recent period. The same 1is true for the mean number of taxa in the
count. The dominance has a reverse pattern. As a whole the diversity of
diatom taxa in Gerritsfles in the period 1964-84 1is significantly lower than
before (Table 27).

Kliplo

The exact location of the samples taken in 1929, 1948, 1964, and 1970
(Table 23) is unknown. The sample from 1924 was taken near the northern
shore, the sample from 1958 at the NE shore, the samples from 1962, 1972,
and 1978 (serial number 12) at the eastern shore, the sample of 1972 (serial
number 11) at the western shore, the samples from 1979 and 1980 at the NW
shore (near the small island). All samples from 1981 onwards were taken at
the permanent sampling station at the western side of the pool (Fig. 17).

For the calculation of the mean relative abundances of the most
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prominent diatom taxa, total number of taxa, diversity indices and
diatom-inferred pH (Table 26) the sample from April 1970 (Table 23) was
skipped, because it 1is obviously contaminated with diatoms from eutrophic
waters, e.g. Asterionella formosa, Diatoma elongatum. Melosira italica-group
and Stephanodisus rotula-group. This sample was taken during an excursion
when different types of water were sampled (Brantjes 1972). This sample was
also left out of consideration for the calculation of the number of taxa
which was found in Kliplo. The first sample of July 1972 was skipped for the
calculations of average values.

As a whole the diatom flora of Kliplo (Tables 23, 26, App. 24) is
typical for moderately acid, oligo-mesotrophic waters. Taxa like Navicula
leptostriata, N. hoefleri and N. subtilissima are rather common in most of
the samples and are rare elsewhere in The Netherlands and adjacent areas of
Belgium and Germany. Besides, a number of other rare taxa were present
rather regularly or occasionally over the study period of sixty years:
Brachysira serians, Cymbella gracilis, Eunotia polydentula, E. praerupta and
Stauronels anceps fo. gracilis, _—-

The differences between the periods 1924-20, 1948-64 and 1972-84 are
best seen from Table 26. These differences are far less obvious than in
Achtertse Goorven and Gerritsfles and the period 1948-84 has been split up
in a rather arbitrary way. In the first period Tabellaria flocculosa was the
dominant species. Other abundant taxa were Frustulia rhomboides var.
saxonica, Navicula subtilissima, N. leptostriata, Eunotia incisa and E.
bilunaris. In the second period Brachysira vitrea fo. lanceolata, with F,
rhomboides var. saxonica, E. 1incisa, E. bilunaris, T. flocculosa, N.
leptostriata and Nitzschia gracilis as other important taxa. In the last
period F. rhomboides var. saxonica dominated the assemblages, while N.
subtilissima, N. leptostriata, E. rhomboidea (asymmetrical forms), E.
incisa, E. bilunaris and T. flocculosa were other abundant specles, ——

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

In contrast to the pools Gerritsfles and Achterste Goorven no
significant changes are found after the extremely dry year 1976 (Table 23,
Fig. 29).

Although the sedimentation plankton sample from August 1962 has a
fairly high proportion of Eunotia incisa it is otherwise very similar to the
plankton tow samples.

Exclusive of the sample of June 1970 (see above) 1in total 97 diatom
taxa were found in Kliplo over the period 1924-84. In 1924-29 45 taxa were
seen in 2 samples, in 1948-64 52 taxa in 4 samples and 1972-84 75 taxa in 11
samples (Table 28), However, an 1ncrease of species richness cannot be
assessed, because of the comparatively large numbers of samples in the most
recent period. The mean total number of taxa per sample and the mean number
of taxa in the count are relatively constant with ¢. 29 and 18 taxa
respectively (Table 26). In contrast, the dominance did increase from 106,
via 125 to 146 over the last 60 years (Table 26), indicating a decrease of
the diversity of the diatom assemblages.

Tongbersven—-West

From May 1983 until May 1984 diatom samples were taken with intervals
of three months at a station 1In the eastern basin (Fig., 18B). Field
chemistry data, collected simultaneously with diatom sampling are given 1in
App. 27. Unfortunately, for technical reasons, it was not possible to sample
in the central basin, where samples for chemical analysis in the laboratory
were taken. Apart from the series from the eastern basin in February 1984 a



Table 24

TONGBERSVEN-WEST, All diatom taxa with a rela-
tive abundance of at least 4 valves in at least
one sample, pH indices (R), pH spectra, diatom
inferred-pH (PH-RENBE = according to Renberg &
Hellberg (1982), PH-WA = by welghted averaging,
Z(PH-WA) = percentage of valves used for cal-
culation of PH-WA) and diversity indices. Kind
of sample: PT = plankton tow, S§ = Sphagnum
squeeze, First two samples are from western
basin, others from eastern basin. 0 = taxon

present outside the count, - = taxon not found.
YEAR 19 84 83 83 83 84 84 84
MONTH 5 2 5 8 11 2 S5 5

KND OF SMPLE PT PT PT PT PT PT PT SS

R SPECNAME
1 ANOMSERI 0 o 6 0 1 - 1 -
1 EUNOEXIG - 4 95123 74 77 98 72
1 EUNOPALU 11 10 3 21 9 5158
1 FRUSRVSA 79 54 94 62 59 49 36 116
1 NAVIHOEF 22 2 12 3 3 0 1 -
1 NAVISUSB 13 3 o 4 - 2 1 -
1 NITZSCLE " - - - - - -
1 TABEQUAD 63 63 84 113 115 162 198 31
1 RESTACIB o 0 1 0 1 0 1 0
2 ANOMSVBR - 4 0 5 1 1 2
2 EUNOALPI 129 ~ - - 2 - - -
2 EUNODENT 5 1 - 2 - 0 1 -~
2 EUNORHOM 8 12 3 6 5 2 1 -
2 EUNOTENE 5 2 o 0o - 1 - -
2 EUNOVENE 6 2 2 1 3 0 0 o0
2 FRUSRHOM 41 - 0 3 1 0 - 4
2 NAVIHEIM 4 - - - - - 1 -
2 NAVIQUAD - 3 - - - - - -
2 PINNSILV - 3 - - - - -
2 PINNSUBC - - 0o 8 - -
2 RESTACPH 2 3 0 4 0 2 2 0O
3 ACHNPUSI - 6 - - - - - -
3 EUNOLUNA 8 25 76 55 75 88 50 18
3 GOMPGRAC -5 0o - - - - -
3 NAVISEMI 0 80 - - 2 - - -
3 NITZPALE - - - - & - - -
3 PINNGIBB 2 45 2 6 0 1 0 O
3 PINNINTE 6 12 4 6 2 1 2 -
3  STAUKRIE - &4 - - - - - -
3 STAUPHOE - % - - -1 - -
3 RESTCIRC 0 4 1 4 4 3 1 0
4  ANOMEXIL 5 - 0 - - - - -
4 MELOITGR - 6 - - - - - -
4 RESTALPH 13 0 - 16 0 - 1
0 NAVIINDI - 17 - - - - - -
1 SUM-ACIB 178 131 302 308 273 299 340 377
2 SUM-ACPH 200 58 15 21 20 7 71 4
3 SUM-CIRC 16 185 83 71 93 94 53 18
4 SUM-ALPH 6 9 - - - - 1
5 SUM-ALKB - - - - - - - -
0 SUM-NOPH - 17 - - - - - -
PH-RENBE 4.4 5.2 4.6 4.5 4.8 4.6 4.4 4.0
PH-WA Gob 4.6 4.4 6,5 4,5 4.5 4.5 4.0
Z(PH-WA) 91 57 72 66 73 80 74 82

NRSPTOTA 27 ¥ 26 23 40 24 22 15
NRSPCOUN 19 29 14 17 26 17 16 6
DOMINANC 129 80 95 123 115 162 198 158

saxonica) are
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sample was taken in the western basin, from
which a sample from 1919, taken by Heimans,
was available (Fig. 18B).

The sample from the western basin
which was taken 1in 1984 and the Sphagnum
squeeze sample from the eastern Dbasin
(Table 24) were omitted from the

calculation of average values given in
Table 26.
As a whole the diatom flora of

Tongbersven-West (Tables 24, 26, App. 25)
is characteristic for humic acid waters.
The most abundant taxa (Eunotia exigua , E.
bilunaris and Frustulia rhomboides var.
rather common in The
Netherlands and ad jacent areas of Belgium
and Germany, but a number of rare taxa are
present rather regularly, e.g. Brachysira
brebissonii, Cymbella gracilis, Navicula

hoefleri). In the sample from the

western
basin, taken 1in 1984, even an extremely
rare species (Neidium alpinum) is present.

Table 25

GROOT HASSELSVEN. All diatom taxa
with a relative abundance of at
least 4 valves 1in at least one
sample, pH indices (R), pH spec~
tra, diatom-inferred pH ( PH-RENBE
= according to Renberg & Hellberg
(1982), PH-WA = by weighted ave-
raging, 2Z(PH-WA) = percentage of
valves used for calculation of
PH-WA) and diversity {indices.
Kind of sample: PT = plankton
tow, SQ = squeeze of Juncus bul-
bosus and Sphagnum. 0 = taxon
present outside the count, - =
taxon not found.

YEAR 83 83 83 84 84
R MONTH 5 8 11 2 5

KND OF SMPLE PT PT SQ PT PT

R SPEC NAME
1 EUNOEXIG 391 396 346 370 393
1 FRUSRvSA 9 2 20 2 5
1 RESTACIB 0o 2 o0 2 o0
2 RESTACPH o 0 0 9 o
3 EUNOLUNA 0 0o - 10 1
3 PINNMICR 0 0 3% - o0
3 RESTCIRC o 0o o 2 2
4 NITZPERM - - - 4 -
1 SUM-ACIB 400 400 366 374 398
2  SUM-ACPH - - - 9 -
3 SUM-CIRC - - 34 12 3
4 SUM-ALPH - - - 5 -
5 SUM-ALKB - - - - -
PH-RENB - - 4.2 4.1 3.2
PH-WA 4.0 4.0 4,1 4.1 4.0
ZPH-WA 100 100 100 99 100

NRSPTOTA 8 8 7 2 10
NRSPCOUN 2 3 3 13 4
DOMINANC 391 396 346 370 390
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Table 26

Average relative abundance of diatom taxa with a mean relative abundance of at least four valves in at least
one sampling period in Achterste Goorven, Gerritsfles, Kliplo, Tongbersven-West and Groot Hasselsven,
pH spectra, diatom-inferred pH and diversity indices. From (19..) - to (19..) indicates period of sampling. O =
taxon present outside the count, - = taxon not found.

POOL A Goorv, A A Goorv. B A Goorv. E Gerritsfles Kliplo Ton. Has.
FROM 19.. 19 52 78 25 50 75 19 75 16 50 64 24 48 72 83 83
TO 19.. 29 53 84 29 53 84 28 84 18 60 84 29 64 84 84 84
Number of samples 3 2 11 5 3 12 12 12 7 4 21 2 4 11 5 5
Eunotia exigua 3 3 252 0 3 334 0 357 9 34 317 0 5 9 93 379
E. paludosa - - - o - 0 0o 0 1 2 0 - 1 0 10 0
Frustulia rhomboides var. saxonica 7 34 18 38 55 7 106 4 30 101 40 41 30 104 60 8
Navicula 'hoefleri' - 0 3 o - 1 5 0 o o0 - 12 2 18 4 -
N. subtilissima 2 4 4 4 5 1 24 0 33 2 0 31 13 66 1 1
Tabellaria quadriseptata 0o 17 10 1 35 9 60 13 5 8 20 17 4 5 134 -
others 0 6 1 0O 0 oO 0o 2 3 1 1 - 1 1 4 0
Acidobiontic taxa (subtotals) 12 64 288 43 98 52 195 376 81 149 378 101 56 203 304 308
Brachysira brebissonii - 6 13 6 20 2 1 2 o o - - - 0 4 1
B. brebissonii f. thermalis 1 6 0 o - 0 1 0 o 0 - - - - -
Cymbella gracilis 11 3 2 9 3 0 0 - 1 - - 2 0 0 1
Eunotia elegans 1 6 3 9 4 0 2 - 1 - - - - - -
E. incisa 2 88 5 6 107 3 70 1 103 43 2 65 37 25 1 0
E. pectinalis var. minor o 9 0 0 0 o - - o - - o 0o - 0 -
E. pect, var. minor f. impressa 2 0 1 4 - 0 o - o - - - - = - -
E. rhomboidea (asymmetrical forms) 1 54 10 2 17 15 1 10 26 112 12 14 13 60 3 0
E. rhomboidea (symmetrical forms) 0o 2 1 o - 0 1 1 25 35 4 5 3 0 0
Navicula leptostriata 3 3 1 83 8 1 66 O 2 1 - 45 55 26 0 0
N. mediocris 1 2 3 7 5 2 0 o0 2 1 - - 0 O© - -
Peronia fibula 0 3 0 5 3 0 3 0 - o - - - - - -
Pinnularia appendiculata - 2 - o - - o - 13 0 0 o - 0 - -
P. irrorata - 6 0 - - - - - 0 1 - - - - 0 -
Stauronels anceps fo. gracilis 0o o0 - 0o 0 o o - 2 0 O 0 4 1 0 -
Tabellaria flocculosa 0 3 1 7 2 0 2 0 12 12 1 94 34 24 0 -
others 4 9 0 1 7 0 1 0 2 6 0 3 2 1 4 0
Acidophilous taxa (subtotals) 25 202 40 139 176 23 148 14 189 210 16 227 157 140 14 2
Achnanthes minutissima 136 23 2 4 3 0 0 o0 2 2 0 6 3 0 0 -
Brachysira vitrea fo. lanceolata 67 7 8 45 22 2 15 0 18 4 O 2103 12 0 -
Eunotia bilunaris 0 86 27 12 32 10 33 6 100 11 2 59 39 29 67 2
Fragilaria virescens 7 71 22 85 50 9 5 0 0o 3 0 1 12 4 0 0
Nitzschia gracilis 0o 4 0 3 3 0 0 0 1 - 0 0 24 5 - -
Pinnularia biceps 0o 0 3 0 1 0 0 1 2 1 1 0o 2 4 3 0
P. microatauron - 0 o0 0 1 o0 - 0 2 19 2 - 1 0 0 7
others 1 6 0 0o 2 0 (V] 1 1 1 1 4 0 3 0
Circumneutral taxa (subtotals) 205 133 62 149 114 21 53 7 126 39 6 69 188 54 79 10
Brachysira vitrea 6 0 0 5 2 0 1 - - - - 1 1 0 0 -
Cymbella microcephala 134 2 3 4 2 1 0o - - - - - - - - 0
Nitzschia perminuta 13 1 8 58 4 1 3 0 0 1 0 - -0 0 1
others 2 6 O 0O 1 o© 0 0 o 1 0 8 4 O 3 0
Alkaliphilous taxa (subtotals) 155 9 11 67 9 2 4 0 0o 2 0 9 5 0 3 1
Alkaliblontic taxa (subtotals) - 2 0 0o - - - - 0 0 0 - - - 0 0
Unclassified taxa (subtotals) - 3 0 0 2 o0 - 0 1 - - - - - 0 0
Renberg-inferred pH (mean) 6.3 5.3 4.5 5.7 5.1 4.0 4.5 3.4 5.1 4.4 3.5 4.9 5.4 4.5 4,6 3.8
Renberg-inferred pH (stand. dev.) 1.9 .5 1.3 W4 45 «2 W5 .5 1 .1 .3 .1 .5
Weight. aver. inf. pH (mean) 6.9 5.0 4.3 5.8 5.1 4.1 4.9 4,1 4.8 4.8 4.1 5.0 5.5 4.7 4.4 4.0
Weight. aver. inf. pH (stand. dev) 2.2 L2 1.3 .2 .5 .1 2 .2 L1 .3 .6 .3 .2 .1
Average total number of taxa 42 48 31 44 34 27 19 14 23 24 12 31 29 27 27 11
Average number of taxa in count 16 31 18 23 25 12 11 6 16 17 7 16 21 17 18 4

Average dominance 161 141 256 111 112 334 151 357 164 147 317 106 125 146 139 379
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Table 27

Achterste Goorven stations A, B, E, Gerritsfles, and Kliplo. Two-
tailed significancy levels of Wilcoxon two-sample tests applied to
Renberg-inferred pH (pH-RENBE), total number of taxa (NRSPTOTA),
number of taxa 1in count (NRSPCOUN) and domlnance (DOMINANC)
between different periods; - = to few samples for test, n.s. = not

significant.
Period 1 1916-29 1916-29 1948-64
Period 2 1948-64 1964-84 1964-84
Acht. Goorven A pH-RENBE - <0.01 -
NRSPTOTA - 0.02 -
NRSPTOTA - n.s. -
DOMINANC - n.S. -
Acht. Goorven B PpH-RENBE <0.05 <0.002 <0.01
NRSPTOTA n.s. <0.01 n.s.
NRSPCOUN n.s. <0.002 <0.01
DOMINANC n.s. <0.002 <0.01
Acht. Goorven E pH-RENBE - <0.002 -
NRSPTOTA - <0.0t -
NRSPCOUN - <0.002 -
DOMINANC - <0.002 -
Gerritsfles pH-RENBE N.S. <0.001 <0.01
NRSPTOTA n.s. <0.01 <0.01
NRSPCOUN N.S. <0.001 <0.001
DOMINANC n.s. <0.01 <0.01
Kliplo PH~RENBE - - <0.002
NRSPTOTA - - n.s.
NRSPCOUN . - - N.S.
DOMINANC - - N.S.

Table 28

Number of taxa and number of samples per period.

Number Number Number Number
Station Period of taxa of samples Station Period of taxa of samples
A. Goorven 1919-29 72 3 Kliplo (KLI) 1924-29 45 2
A (AGA) 1952-53 76 2 1948-64 52 4
1978-84 70 11 1972-84 75 11
1919-84 109 16 1919-84 97 16
A. Goorven 1925-29 75 5 Tongbersven-West 1983-84 59 5
B (AGB) 1950-~53 54 3
1975-84 71 12 Groot Hasselsven 1983-84 34 5
1925-84 99 20
A, Goorven 1919-28 65 12 AGA+AGB+AGE 1919-29 109 20
E (AGE) 1975-84 22 17 1950-53 89 5
1919-84 92 29 1975-84 103 40
1919-84 151 65
Gerritsfles 1916-18 63 7 AGA+AGB+AGE 1916~29 136 29
(GER) 1950-60 43 4 +GER+KLI 1948-64 111 13
196484 62 21 1964-84 149 73
1916-84 94 34 1916-84 203 114

The differences between the species composition of the old and the
recent sample from the western basin are 1large. As an example Eunotia
naegelii (a rare species in western Europe) was very common in the old
sample and was not found again in 1984, Neidium alpinum was absent in 1919,
but common in 1984,

The diatom-inferred pH (Table 24) changed from 4.4 to 4.6 at this
station. In the eastern basin the mean diatom-inferred pH in 1983-84 was
4.4. The spatial variation of diatom assemblage composition in this pool 1is
unique.

The Sphagnum squeeze sample from the eastern basin is differentiated
from the plankton tow samples by the high proportion (158 valves) of Eunotia
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paludosa, an aerophilous species, although this taxon 1is also present in
lower quantities in the plankton tow samples.

In total 75 diatom taxa were found in Tongbersven-West over the period
1919-84. Only 3 taxa were exclusively found in 1919, 59 taxa were seen at
the station in the eastern basin in 1983-84 (Table 28). The total number of
taxa and the number of taxa at the western station increased from 27 to 37
and 19 to 29 respectively from 1919 to 1984, The mean total number of taxa
(27) and mean number of taxa in the count (18) at the eastern station is
about the same as in the humic pool Kliplo (Table 26), as is the dominance.

It may be concluded that the pH in this pool probably increased over
the last six decades, with a concomitant increase of diversity.

Groot Hasselsven

All samples were taken at the permanent sampling station at the
southern side of this pool in 1983-84. As samples for elaborate chemical
analysis (App. 17) were usually taken a few days earlier or later than the
diatom samples, field chemical data, gathered simultaneously with diatom
sampling are given in App. 27.

The diatom flora of Groot Hasselsven (Tables 25, 26, App. 26) is
characteristic for extremely acid waters, with a mean relative abundance of
Eunotia exigua of 379 valves. Rare taxa (e.g. Brachysira species, Neidium
densestriatum, Navicula leptostriata, Nitzschia perminuta) were found
occasionally.

The Sphagnum squeeze sample differs from the plankton tow sample by the
relatively high abundance of Frustulia rhomboides var. saxonica and
Pinnularia microstauron, although it is possible that these differences are
not caused by variation in habitat, but by variation in time.

In total 34 taxa were found in Groot Hasselsven (Table 28), which
number must be considered to be very low. Also the mean total number of taxa
(11) and mean number of taxa in the count (4) is very low (Table 26). The
dominance is very high with 379 valves.

Although no old samples are available for comparison, this pool has
probably been acidified strongly during the last decades.
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4 SYNOPSIS

In the previous chapter the various aspects of the studied pools were
described and briefly discussed. It is attempted in this chapter to give an
integrative survey of the results and to answer the questions of the
introduction.

In the beginning of the 19th century all pools were situated in an open
landscape of heathlands and/or aeolian drift sand dunes. The surroundings of
Achterste Goorven were planted with Scots pines around 1840, The
surroundings of Kliplo and Tongbersven-West were turned into Scots pine
plantations in the first decades of this century. The forest west of Kliplo
was cut in c. 1965. Groot Hasselsven and Gerritsfles are still in an open
landscape, although spontaneous regrowth of pines, birches and willows
occurs along the southwestern shores of the latter pool since 1920.

At the western side the Achterste Goorven 1s separated from Voorste
Goorven by a narrow dam, probably constructed in the second half of the 19th
century. Before the dam was constructed, the westernmost pool of Achterste
Goorven was influenced by the water of Voorste Goorven, which was enriched
with nutrients by human activities. Gerritsfles and Kliplo always have been
isolated pools, but were a part of the traditional agricultural system of
the heathland areas and were used until the first half of this century for
washing of sheep. Also sheep regularly drank from these pools. Both pools
were used as bathing places for local people and tourists until the late
sixties of this century. As far as 1s known, Groot Hasselsven and
Tongbersven-West were not used by people during the last hundred vyears.
Groot Hasselsven harboured a colony of black headed gulls until 1970.

Bathymetric maps of Achterste Goorven, Gerritsfles, Kliplo and
Tongbersven—-West are presented in Figs. 8, 15, 17, and 18 respectively.
These maps are summarized as depth-area curves in Fig, 12. Other
morphological features are tabulated in Table 4. The average depth (z) of
Kliplo is 0.82 m and the maximum depth (z ) 1.14 m« The ratio z/zm x =
0.72 and indicates that the bottom 1s very flat. The bottom of the pooi has
the form of a soup plate. Consequently in extremely dry years 1like 1921,
1959 and 1976 only c. 20% of the bottom surface is exposed to the

atmosphere. In Achterste Goorven E/zmax = 0.62/1.85 = 0.34 and in extremely
dry years c. 75Z of the bottom &surface 1s exposed to the atmosphere.
Gerritsfles 1s Intermediate with z/z = 0.68/1.24 = 0.54., The water depth

of Tongbersven-West could not be asSassed properly, because of the preserve
of a quivering bog over c. 70%Z of the pool's area. Probably the depth
distribution will be in between those of Gerritsfles and Kliplo. The depth
distribution of Groot Hasselsven was not mapped, but the pool is only a few
decimetres deep. Consequently already 1in the not extremely dry summer of
1983 a considerable part of the bottom dried up.

It 1s known from other investigations that Gerritsfles, Kliplo,
Tongbersven-West, and Groot Hasselsven are seepage pools, i.e. they have
perched water tables and are isolated by an impervious layer from the main
aquifer. The catchment area of these pools is hardly larger than their
surface area. A simple hydrological model was developed to predict the
concentration of the 1inert chloride ion from its concentration in the
precipitation, the annual water evaporation excess, the fluctuations of the
water table and the volume and area distributions of the pool (Table 7). The
predictions of the model are in good agreement with the observed chloride
concentrations, Also for Achterste Goorven the predicted chloride
concentration is in accordance with the measured value, so it 1s conceivable
that this pool has a perched water table too.

Water renewal times, as calculated with the hydrological model are c.
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5.4, 3.8, 3.0, and 1.8 years for Achterste Goorven, Kliplo, Gerritsfles and
Tongbersven-West respectively. The water renewal time of Groot Hasselsven is
probably between one and two years. Therefore, Achterste Goorven will
recover most slowly from disturbances like the drought of 1976.

Long-term changes in the measured pH can be read from Table 12. At the
four stations where pH measurements were made in the period 1919-30 the pH
dropped significantly from this period to 1978-85. Also significant are the
differences between the periods 1919-30 and 1950-60 in Gerritsfles and
1919-30 and 1970-76 in Kliplo. The pH drop is largest in Achterste Goorven
(2.1 and 1.8 units at stations B and E respectively) and smallest in Kliplo
(0.8 unit). Gerritsfles is intermediate with a decline of 1.2 wunits. The
earliest measurements are between 5.4 and 6.5 in the three pools. The recent
measurements have a median of 5.2 in Kliplo and c¢. 4.0 in the other two
pools.

Other chemical parameters than pH were measured more rarely 1n the
past. At Achterste Goorven station B sulphate increased from 208 to 458
equivalent mmol m from 1919 tq 1975, while concentrations in the range of
729 to 1645 equivalent mmol m ~ were found at this station from 1979-85. In
the early sample ammonium had a lower and alkalinity had a higher value than
the more recent samples. Table 13 summarizes the observations of some
selected chemical parameters from Gerritsfles. The pH as measured in the
field declines significantly from 1928 to 1985, but the pH as measured in
the laboratory seems to be falrly stable. The chloride concentration drops
significantly from 1925 to 1985. No 1long-term changes are apparent in
ammonium and sulphate. The peaks of sulphate in 1960 and 1977-78 will be
discussed below.

Chemistry of Achterste Goorven and Gerritsfles was monitored from
August 1979 through February 1985, The program in Kliplo started in May
1981, In Tongbersven-West and Groot Hasselsven observations were done from
April 1983 through March 1985. Thus over the last period a parallel program
was run in all pools. The average charge balances of pool water and incident
rain over this period are given in Table 17 and Fig. 22.

The composition of the precipitation is rather similar a all sites.,
The total concentration of ions is c. 500 equivalent mmol m . Sulphate is
the most important anion (c.,98-127 equivalent mmol m 7), roughly. balanced
by ammonium (87-112 mmol m ~). Chloride ranges from 64-90 mmol m ~, roughly
balancgg by sodium (55-73 mmol m ~). Nitrate has a concentration of <c¢. 50
mmol m ~ at all sites.

The composition of the water 1in the pools 1s much 1less uniform.
Sulphate and chloride are the _gost important anions. The chloride
concentration varies from 217 mmol m in the pool with the shortest water
renewal time (Groot Hasselsven) to 455 mmol m -~ in the pool with the longest
water renewal time (Achterste Goorven). Nitrate and bicarbonate are nearly
absent, while organic anions are important, particularly in Kliplo and
Tongbersven-West. Sodium is the most important cation in all pools, followed
by ammonium in all pools except Kliplo and Groot Hasselsven, where the
divalent cations are more important. Iron and aluminium are elevated,
particularly in Achterste Goorven.

The dissimilarities between the composition of precipitation and
surface water may be caused by sulphate reduction, sulphide oxidation,
nitrification, denitrification and wuptake of nutrients by aquatic
macrophytes. Ammonium can be taken up by mosses or it can be nitrificated,
subsequently nitrate can be denitrified. Both pathways are responsible for
the release of one mole of protons for each mole of ammonium (decrease of
alkalinity of one mole)., Probably the most important processes are those of
the sulphur cycle. Large quantities of the total (wet + dry) Meposition of
sulphate are reduced. The reduction of each mole of sulphate does 1increase
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alkalinity by two moles and thus counteracts the acidification. The reduced
sulphur compounds are stored in the sediment and reoxidized when the bottom
is exposed to the atmosphere in very dry years. Thus the lowest sulphate
concentrations are expected in Kliplo, where in extremely dry years only a
minor fraction of the bottom falls dry. On the other hand, Achterste Goorven
and Groot Hasselsven ought to have the 1largest sulphate concentrations,
because 1in dry years more than 50 percent of the bottom 1s aerated.
Gerritsfles would be intermediate. This 1s exactly what was observed (Table
17).

Changes of selected chemical parameters in  Achterste Goorven,
Gerritsfles and Kliplo between 1975 and 1985 are plotted in Fig., 21. In
Kliplo changes are relatively small. Sulphate and other parameters
associated with acidification (e.g. aluminium and calcium) have been
constantly low throughout the period of observation. No precipitation of
humic and fulvic acids is occurring and the pool is permanently coloured,
although the colour has been decreasing during the last years. The peak in
chloride 1s caused by strong evaporation during the dry summer of 1976.

Changes 1in Achterste Goorven and Gerritsfles are very similar. 1In
1977-78 highly elevated levels of sulphate, aluminium, calcium, magnesium,
carbondioxide and conductivity were observed. The decreasing ions and
conductivity are typically associated with acidification and induced by the
drought of 1976. The peak in calcium, magnesium and sulphate in Gerritsfles
in 1960 (Table 13) was caused by the drought of 1959, Gerritsfles has an
intermediate position between Kliplo and Achterste Goorven. The decrease of
these parameters was faster in Gerritsfles than in Achterste Goorven, which
is related to the longer water renewal time of Achterste Goorven. As a
consequence of the decrease of sulphate in both pools the pH is increasing
since c. 1981l. Also fulvic acids were not precipitated any longer and colour
and permanganate consumption Increased too. Ammonium increases in both pools
since c. 1982,

The distribution of the most important macrophytes of the open water in
Achterste Goorven, Gerritsfles and Kliplo 1in September 1984 1s given in
Figs. 23, 24, and 17 respectively . Outline sketches of the vegetation of
Tongbersven-West and Groot Hasselsven are in Figs. 25 and 26. Changes in the
floristic composition of the pools from 1916 through 1984 are given in Table
18.

The present macrophytic vegetation of Achterste Goorven 1is quite
uniform. In the open water Nymphaea alba occurs regularly and next important
is Juncus bulbosus, especially nearshore. The abundance of J. bulbosus, as
well as that of filamentous algae, is increasing from west (station A) to
east (station E). In the littoral zone Sphagnum, Drepanocladus fluitans,
Carex rostrata etc. are present. In total 15 species were seen in 1984, This
is an impoverishment in comparison with the period 1912-59, when 37 species
were seen. In addition, the wvegetation of the open water was much more
diverse and luxuriant in the period 1916-59. In the pool a gradient was
visible of vegetation types characteristic for mesotrophic and weakly
acid-neutral sites near station A to types which are characteristic for
oligotrophic and acid sites near station E. Most conspicuous is the decrease
of these species which are characteristic for weakly acid low alkalinity
waters, e.g. Potamogeton polygonifolius, Scirpus fluitans, Myriophyllum
alterniflorum and Utricularia intermedia.

The present vegetation of Gerritsfles is dominated by dense mats of
Sphagnum denticulatum on the bottom. Nearshore Juncus bulbosus, Sparganium
angustifolium, Eleocharis palustris, Carex rostrata and Eriophorum
angustifolium are present. Juncus effusus settled about 1950 and greatly
expanded since. Before 1958 20 species were seen, since 1973 16 species have
been observed. Lobelia dortmanna, Deschampsia setacea, Luronium natans and
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Potamogeton natans were not present in the recent inventories. These species
are characteristic for weakly acid low-alkalinity waters. The abundance of
peat mosses, which are typically found in strongly acid waters, probably
increased during the last decades.

The present submerged vegetation of Kliplo is dominated by Potamogeton
natans. Sphagna are present at some places nearshore. Sparganium
angustifolium is very rare. Phragmites australis, Potentilla palustris,
Carex rostrata and Eriophorum angustifolium are the most dominant littoral
species. Although Sparganium angustifolium declined 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
chemistry of the pool.

Tongbersven-West 1is differentitated from the other pools by the
presence of a quivering bog, which covers about seventy percent of the
basin. In the open water patches of Utricularia minor are present. At some
nearshore places Eleocharis multicaulis 1is floating. The vegetation is
rather constant since the first inventory in 1957, although Nymphaea alba
was not seen after 1975.

The flat and shallow bottom of Groot Hasselsven is covered with a mat
of Drepanocladus fluitans. The open water 1is surrounded by a belt with
Juncus effusus, Drepanocladus fluitans and some J, bulbosus. Phragmites
australis 1s present with some patches. The vegetzfion is still indicative
for the eutrophic conditions in the past, which were caused by the presence
of a gull colony until 1970,

The most powerful description of spatial and temporal variation in the
diatom assemblages. 1s the pH, 1Inferred by weighted averaging from the
diatoms, given at the bottom of Table 26. The diatom-inferred pH
significantly decreases over time at all stations where old and new diatom
samples are available (Table 27). Between 1919 and 1929, a gradient existed
in Achterste Goorven, with the inferred pH going from 6.9 at the westernmost
station A to 4.9 at the most eastern station E, thus the pH encompassed a
range of 2,0 wunits., Between 1975 and 1984, the gradient was from 4.3 at
station A to 4.1 at station E, a range of only 0.2 wunits. Although the
gradient still existed after about fifty years the stations have become more
similar, which is in accordance with the direct pH measurements and the
inventories of macrophytes which were discussed above. Also in Gerritsfles
and Kliplo the diatom~inferred pH declined significantly over time (Table
27).

Changes in the species composition over time can be seen from Table 26.
Most consplicuous is the enormous increase of the acidobiontic Eunotia exigua
at all stations. It is the dominant species in all pools, except the humic
ones (Kliplo, Tongbersven—-West). Also the asymmetric forms of the
acidophilous E. rhomboidea increased at most stations, with the exception of
Gerritsfles. These species 1increased at the expense of a number of other
species. The acidophilous Cymbella gracilis and Navicula leptostriata
decreased at all stations from which a time series is available. The
acidophilous Eunotia pectinalis var. minor fo. impressa, Stauroneis anceps
fo. gracilis and the circumneutral Brachysira vitrea fo. lanceolata and
Nitzschia gracilis declined at all stations except Kliplo. The circumneutral
Achnanthes minutissima and the alkaliphilous Brachysira vitrea, Cymbella
microcephala and Nitzschia perminuta declined particularly at stations A and
B in Achterste Goorven. The acidobiontic Navicula hoefleri and N.
subtilissima, the acidophilous Eunotia elegans, E. 1incisa and Tabellaria
flocculosa, the circumneutral Eunotia bilunaris and a number of additional
taxa decreased particularly at the very acidified stations Achterste Goorven
E and Gerritsfles. Many of the decreased taxa have a limited distribution in
northwestern Europe, while the few increased ones are trivial. This does
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impair the conservational values of the pools. The significant decrease of
the average total number of taxa and the average number of taxa in the count
at the stations in Achterste Goorven and Kliplo and the significant increase
of the dominance at the same stations (Tables 26 and 27) lead to the same
conclusion.

As argued before, the extreme drought periods of 1959 and 1976 severely
affected the chemistry of Gerritsfles and Achterste Goorven by the release
of sulphuric acid from oxidizing sediment during refilling. Fig. 27 shows
(see also Table 21) that the relative abundance of Eunotia exigua greatly
increased from the pre-drought year 1975 to the post-drought years 1978-84.
The drought in the year 1921 was comparable to that of 1976. After 1921 the
acidobiontic diatoms did not increase in comparison with the period before.
Eunotia exigua was only found in a few individuals, while Frustulia
rhomboides var. saxonica and Tabellaria quadriseptata were the most
important acidobiontic diatoms from 1919 through 1928. From the diatoms no
changes in chemistry, included by the drought of 1921 can be concluded.
Apparently not enough reduced sulphur compounds had been accumulated in the
sediment at that time for the release of significant amounts of sulphuric
acid during refilling after the drought.

The relative abundance of acidobiontic diatoms in Geritsfles is plotted
in Fig. 28. No data are available for the drought of 1921, but the reaction
on the extreme dry year 1959 is evident here. Apparently there is some
delay, because in 1960 the relative abundance of acidobiontic diatoms was
low, even lower than in the period 1950-51, but in 1964 and 1965 the
relative abundance of the acidobiontic diatoms, particularly Eunotia exigua,
is over 375 of the 400 valves counted in each sample. In 1973 the
acidobiontic diatoms accounted for 304 valves, but after the relatively dry
summer of that year their relative abundance increased again. Later on, then
the acidobiontic diatoms remained dominant, especially after 1976. But from
1981 onwards E. exigua became less dominant. Until May 1982 Frustulia
rhomboides var. saxonica became codominant and Tabellaria quadriseptata
joined in November 1982. These changes are a reaction on the increase of pH
and associated changes in chemistry since then (Fig. 28).

In Gerritsfles it has taken about five years for the first signs of
post-drought recovery to appear. In Achterste Goorven no major changes were
seen until 1984, although Eunotia bilunaris, a circumneutral species, was
present with considerable numbers at station E in May 1984. The longer
recovery time of Achterste Goorven is probably associated with the longer
water renewal time (5 years) of this pool, in comparison with Gerritsfles (3
years).

In Kliplo no reaction of the diatoms on any drought period was observed
(Fig. 29), which is in accordance with its morphological features described
above,

As a final conclusion it may be stated that the chemistry and biology
of the investigated pools are seriously affected by acid deposition. The
long-term changes are most obvious in the pools where a large part of the
bottom 1s exposed to the atmosphere in extremely dry years. Continuation of
the monitoring project is necessary for modelling the impact of atmospheric
deposition on chemistry and biology of acid sensitive shallow water bodies
in northwestern Europe.
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Appendix 7

DIEPTE VAN DE M!NERALE BODEM (cm WATERDIEPTE (cm)
beneden wateroppervlak}

| 1517147 14 145 14280
. 143
150 151 Y149 142 6a//so

130 134 1u0 w0 g8
90

4
781143 138 135
\ 87
1007 6o
(L2 80 59

DIKTE DETRITUSLAAG (cm) PLANTESOORTEN OP PEILPUNTEN

69
57

55
65

M Mos (Sphugnum/
Pn . Putumoyeton natans
Sa Sparganium angustifolium

<50~ isoplethen in cm

P

- e
v KLIPLO BIJ DWINGELOO
Opname op 10 september 1384
. LY rs S al som

Opname: J.C. Buys,H. van Dam,

A. Mertens en W.C.G. Oostveen

Kliplo, September 10, 1984. A. Depth of mineral soil in cm below water
level. B. Bathymetric map (depth in cm). C. Thickness of mud layer
(cm)., D. Plant species on gauging stations. Water level 12.84 m + NAP,



Appendix 8

ACHTERSTE GOORVEN station A, 520613-850211, chemical and physical data

DATE TIME LABOR LEVEL ICE TEMP pHf pH1 EC25f EC251 KMNO4u KMNO4f COD COLOR 02 02% NR
hMET -mtNAP -~ % - - uS/m aS/m mg/l mg/l mg02/1 mgPt/l mmol/m3 % -

520613 - VANOYE - 0 - 5.2 - - - - - - - - - 1
571018 - RZIHIL - 0 - - - - - - - - - - - 2
750904 - HVRIES - 0 - 3.9 - 17,5 - - - - - - - 3
781109 16 WMN - 0 7.0 3.7 4.9 25.3 25.3 6 2 - - - - 4
790710 15 WHN - 0 22.0 3.3 3.5 25.4 22.6 7 2 12 6 159 58 5
790815 14 WMN - 0 23.5 3.7 3.4 24,2 23.6 7 3 8 4 241 90 6
790911 - WMN - 0 18,0 3.4 3.5 24,5 20.4 6 2 10 4 256 86 7
791010 - WMN 8.16 017.0 3.3 3.8 22.0 21.5 7 4 20 3 241 79 8
791112 - WMN 8.25 0 18.5 - 3.9 15.8 19.3 7 4 3 3 344 116 9
791210 - WMN 8,28 0 8.5 3.7 4.0 19.8 18.1 8 5 7 3 316 86 10
800108 - WMN 8.39 0 2.0 3.7 3.9 16.5 16.5 15 5 11 2 294 68 11
800212 - WMN - 0 7.0 3.6 3.7 17.5 15.4 18 6 15 8 394 104 12
800311 - WMN 8.45 0 9.5 3.6 4,1 18,5 18.7 - - - - 369 103 13
800414 - WMN 8.43 0 15.5 - 3.9 18,0 18.1 - - - - 391 126 14
800513 - WMN 8.40 019.0 - 3,8 19.5 19.3 - - - - 291 101 15
800610 - WMN 8,30 0 20.0 3.5 3.6 21.5 21.5 - - - - 247 87 16
800813 - WMN 8.32 0 20.0 - - 18.7 - - - - - 231 85 17
801111 - WMN 8,36 0o 2.0 - - 16.7 - - - - - 400 85 18
810210 - WMN 8,43 0 5.0 - - 21.6 - - - - - 325 82 19
810510 - WMN - 0 21.0 4.5 17.3 - - - - - - - 20
810812 - WMN 8.26 0 21.0 3.5 - 19.4 - - - - - 228 84 21
811112 11 WMN 8.30 0 10.5 4.6 4.7 12.6 12.7 - - - - 119 31 22
820211 - WMN 8.43 0 5.0 3.8 - 10.0 - - - - - 338 84 23
820507 - WMN 8.37 0 11.5 4.0 - 13.6 - - - - - 419 121 24
820805 - WMN 8.22 0 22.5 - - 13.7 - - - - - 78 29 25
821110 15 WMN 8.23 0 10.5 4.5 4.8 13,8 10.3 - - - - 300 85 26
830216 12 WMN 8.35 1 3.0 4.1 4,6 17.0 14.9 - - - - 500 116 27
830527 13 WMN 8.48 0 11.5 4.0 4,4 13.4 11.6 - - - - 219 64 28
830818 15 WMN 8,25 0 26.5 3.7 4.3 15.4 11.0 - - - - 294 116 29
831115 - WMy 8.27 0 1.5 4.2 5.8 13.6 12.1 - - - - 350 76 30
840215 14 WMN 8,52 1 1.0 5.0 5.8 13.2 12.1 - - - - 266 58 31
840516 13 WMN 8,32 0 18.0 3.9 4.3 15.0 16.5 - - - - 344 115 32
840815 12 WMN 8,27 0 23.0 4,2 4,5 17.0 14.9 75 - - 5 156 58 33
841114 13 WMN 8.35 0 8,0 4.3 4.4 14,0 15.4 - - - - 284 76 34
850211 13 WMN 8.39 1 0.0 4.9 4.9 12.1 12.1 - - - - 438 96 35

DATE CO2 SI02 TOHA t-PO4f NH4—or NH4 K NA CA MG MN AL FE CL NO3 ALK H2PO4 S04 CO3 IR

= teeesscssssssssssssrssssssess(equivalent) mmol/ma.................................... -

520613 - - - - R - - - -
571018 - - - - R & T T - - - -
750906 - - - - - 227 26 304 100 165 ~ - - 480 35 0 0.63 208 - 0.17
781109 - - 450 - 10 216 41 370 549 346 7 334 17 494 2 66 0.21 1437 0 0.53
790710 613 17 230 0.42 11 133 33 370 250 214 5 133 64 437 3 0 0.05 999 O 0.36
790815 454 1 240 0.05 3 127 41 391 250 214 5 145 38 451 3 0 0.05 1020 O 0.36
790911 591 1 270 0.53 16 177 41 370 299 230 7 334 27 480 2 0 0.05 1124 O 0.38
791010 477 1 280 0.32 14 105 49 391 324 230 6 167 23 494 3 0 0.05 916 0 0.40
791112 364 17 280 0.53 9 155 59 348 324 222 6 111 16 465 S5 0 0.05 895 0 0.4l
791210 318 1 250 0.05 33 177 51 370 299 197 5 111 17 437 3 0 0.05 937 0 -
800108 364 - 220 0.74 6 133 49 304 250 181 4 44 13367 6 0 0.05 708 O -
800212 568 1 230 0.84 14 133 61 391 250 214 & 167 40 423 5 0 0.05 750 O -
800311 - - - - e Y £} S - - - -
800414 - - - - R = L A - - - -
800513 - - - - - - - - - - - - -0 - - - - - -
800610 -~ - - - T L - - - -
800813 - - - - R - - - -
gol1r - - - - S e T - - - -
810210 - - - - R i T - - - -
810510 - - - - T T - - - -
gl0812 -~ - - - S S T T - - - -
811112 - - - - R T I = Y A - - - -
820211 - - - - S T T - - - -
820507 - - - - S - - - -
820805 - - - - S T T T T - - - -
821110 -~ - - - - - - -100 - - - =409 -~ - - - - 0.0
830216 - - - - - - - -150 - - - =-465 - - - - - 0.2
830527 - - - - - - - -100 - - =~ -451 - - - - - 0.8
830818 - -~ - - - - - -100 - - - -451 - - - - - 0.8
831115 - - - - - - - -10 - - =- -508 - - - - - 0.16
840215 - - - - - - - -100 - - - -508 - - - - - 0.16
840516 - - 120 - - - - -100 - - - -451 - = - - - 0.8
840815 364 22 100 0.1l 44 305 33 304 75 115 3 44 15 480 2 16 0.05 479 0 0.14
841114 - - - - - - - -125 - - - -508 - - - - - 0.20
850211 - - 130 - - - - -15 - - - =409 - - - - - 0.7

References: nr.l P, van Oije (unpubl.); 2 P, Leentvaar (unpubl.); 3 Kwakkestein 1977; 4 Van Danm
al. 1981; 5-35 own record.
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Appendix 9

ACHTERSTE GOORVEN station B,

191103-850211, chemical and physical data

DATE TIME LABOR LEVEL ICE TEMP pHf pHl EC25f EC251 KMNO4u KMNO4E

191103
250729
260410
750904
781109
790710
790815
790911
791010
791112
791210
800108
800212
800311
800414
800513
800610
800813
801111
810210
810510
810812
811112
820211
820507
820805
821110
830216
830526
830818
831115
840215
840516
840815
841114
850211

DATE

191103
250729
260410
750904
781109
790710
790815
790911
791010
791112
791210
800108
800212
800311
800414
800513
800610
800813
801111
810210
810510
810812
811112
820211
820507
820805
821110
830216
830526
830818
831115
840215
840516
840815
841114
850211

References: nr. 1-3 J. Heimans (pers. comm,);

hMET ~-wtNAP - % - - oS/m mS/m  mg/l

- RDRINK - 1 -5.55 - - 9.7 -
- HEIMAN - 0 -6.6 - - -
- HEIMAN - 0 -6.0 - - - -
- HVRIES - 0 -3.5 - 13.0 - -
15  wMN - 0 8.0 3.7 3.9 28.5 27.5 15
15 WM - 0240 3.5 3.5 26.5 23.6 16
14 WMN - 0 25.0 3.6 3.4 27.5 24.8 6
- W -~ 018.0 3.4 3.5 24.0 22.6 30
- WMN 8.16 0 16.0 - 3.8 24.5 22.6 15
- WMN 8.25 0 19.0 - 3,8 23.0 20.4 6
- WMN 8,28 0 9.0 3.4 3.9 21.5 20.9 7
- WMN 8,39 0 1.5 3.8 3.9 27.0 17.1 13
- W - 0 7.53.53.9 18.0 17.6 35
-  WMN 8.45 0 10.0 - 3.9 19.0 18.7 -
- WMN 8.43 0 17.0 - 3.9 21.0 19.3 -
- WMN 8.40 0 19.0 - 3.8 20.0 20.4 -
- WMN 8.30 0 20.0 3.5 3.6 22.5 22.6 -
- WMN 8.32 019.5 - - 20.0 - -
- WMN 8.36 0 1.5 - - 18.8 - -
-  WMN 8.43 0 5.0 - - 22.9 - -
- W ~ 0 20.5 4.9 18.0 - -
- WMN 8.26 0 23.0 3.5 - 18.7 - -
11 WMN 8,30 0 6.0 4.3 4.3 14.3 14.3 -
- WMN 8.43 0 5.0 3.8 - 12.3 - -
- WwMN 8,37 011.0 3.9 - 15.3 - -
- WMN 8.22 0 23.53.3 - 15.9 - -
16 WMN 8,23 0 10.0 4.2 4.5 16.2 11.6 -
13 WMN 8.35 1 3.0 4.1 4.5 17.0 13.2 -
13 WMN 8,48 0 12.5 3.8 4.3 15.2 12.7 -
16  WMN 8.25 0 26.0 3.9 4.5 13.1 10.8 -
- WMN 8,27 1 1.5 4.8 5.6 13.6 12.7 -
-  WMN 8.52 0 2.5 4.1 4.7 14.8 13.8 -
13 WMN 8,32 0 17.5 3.8 4,2 18.0 18.7 -
13 WMN 8.27 0 23.0 3.9 4.3 21.9 18.1

13 WMN 8.35 0 7.5 4.4 4.5 11.0 12.1

13 WMN 8.39 1 0.0 4.9 5.1 11.6 11.6 -

C02 SIO2 TOHA t-PO4f NH4-or NH4 K NA CA MG MN AL

etsrtetsssarsesnssscsssesssss{@quivalent) mmol/m3....
50 10 170 - 16 0 -~ - 165 165 0 -
- - - - - 272 26 348 250 165 - -
- - 480 - 22 205 43 370 549 378 7 556
523 17 250 0.32 19 139 33 391 250 239 5 145
477 8 240 0.21 9 116 43 391 250 230 5 167
659 8 280 0.53 42 144 43 370 299 255 6 234
591 8 280 0.32 19 94 59 435 299 255 5 389
523 17 260 0.63 8 127 84 370 299 222 5 278
568 8 270 0.11 6 200 74 391 299 230 6 211
432 - 210 0.63 25 133 56 304 225 189 4 145
591 17 200 1.47 36 94 59 370 200 197 4 178
- - - - - - - -100 - - -
- - - - - - - -100 - - -
- - - - - - - -100 - - -
- - - - - - - -100 - - -
- - - - - - - -100 - - -~
- - 110 - - - - -100 - - -
- - 150 - - - - -150 - - -
318 13 140 0.21 10 416 31 326 125 140 3 78
- - - - - - - -10 - - -
- - 120 - - - - -125 - - -

own record.
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losrunessrsrsr—~ol |

COD COLOR
mg/1 mg02/1 mgPt/1 mmol/m3

7

Il wweswsdrPpO

[ S|

02

272
297
288
238
381
209
272
366
309
441
291
231
225
400
331
247
234
275
328
388
103
338
475
247
281
191
363
338
222
338
344

02% NR
4 -
- 1
- 2
- 3
- 4
- 5
103 6
114 7
97 8
77 9
131 10
57 11
58 12
92 13.
89 14
147 15
101 16
82 17
78 18
93 19
86 20
87 21
88 22
71 23
82 24
110 25
39 26
95 27
112 28
74 29
110 30
44 31
85 32
112 33
83 34
96 35
75 36

FE CL NO3 ALK H2PO4 S04 CO3 IR NR

395
395
367
451
480
409
465
494
381
395

—
lvwoouwvmwwoaowuwn |

0

149

Il oooococoocooo |

4 Kwakkestein (1977); 5 Van Dam et

0.00

0.21
0.21
0.05
0.11
0.11
0.05
0.11
0.11
0.11
0.05

al.

208

458
1645
1041

999
1124
1145

999
1103

791

833

0 0.24

[=]
.
w
w
W N W N

loocooocoococoo |
o
.
w
=]

Lot

[
-
o

- 0.20 27
- 0.20 28
- 0.21 29
- 0.18 30
~ 0.17 31
- 0.20 32
- 0.24 33
0 0.20 34
- 0.21 35
- 0.24 36

(1981); 6-36



Appendix 10

ACHTERSTE GOORVEN station E, 250729-850211, chemical and physical data.

DATE TIME LABOR LEVEL ICE TEMP pHf pH1 EC25f EC251 KMNO4u KMNO4E COD COLOR 02 027 NR
hMET - m+NAP - °c - - wS/m @mS/m mg/l wg/l mgd2/1 mgPt/l mrnol/m3 % -

250729 - HEIMAN - 0 - 6.0 - - - - - - - - -
260410 ~ HEIMAN - 0 - 5.4 - - - - - - - - -
781109 15 WMN - 0 6.0 3.4 3.7 13.5 26.4 11 5 - - - -
790710 14 WMN - 0 22.0 3.5 3.6 19.6 26.3 15 6 24 9 2446 89
790815 14 WMN - 0 24,0 3.7 3.5 24.5 24.8 40 9 50 9 225 85
790911 - WMN - 0 17.5 3.4 3.6 27.0 25.9 7 3 8 4 244 82
791010 - WMN 8.16 0 14.5 3.4 3.8 22.5 22.0 9 4 24 4 222 70
791112 - WMN 8.25 0 18.0 3.7 3.9 23.0 18.7 10 5 3 4 378 128
791210 - WMN 8.28 0 9.5 3.7 3,9 21.4 19.3 13 5 11 5 313 88
800108 - WMN 8.39 0 1.5 3.7 3.9 16.8 15.4 15 8 13 3 247 56 10
800212 - WMN - 0 6.0 3,5 3.9 15.0 14.3 17 5 13 7 394 101 11
800311 - WMN 8.45 0 7.5 3.4 3,8 18.0 18.1 15 7 16 7 322 85 12
800414 - WMN 8.43 016.0 - 3.9 19.0 20.4 8 5 8 2 484 159 13
800513 - WMN 8.40 0 18.5 - 3.8 20.3 22.0 10 3 16 4 256 88 14
800610 - WMN 8.30 0 19.0 3.6 3.6 24.0 24.2 30 10 33 2 303 104 15
800813 - WMN 8.32 0 19.0 - 3.7 20.0 19.8 16 8 - 3 303 105 16
801111 - WMN 8.36 1 1.5 - 4,0 16.6 12.1 17 5 ~ 4 400 90 17
810210 - WMN 8.43 0 5.0 3.7 4.0 21.5 15.4 30 10 - 9 341 85 18
810510 - WMN - 0 20.0 - 3.8 18.5 17.1 22 4 - 12 263 93 19
810812 - WMN 8.26 0 21.0 3.6 4.0 23.8 24,2 19 7 - 11 231 83 20
811112 12 WMN 8.30 0 6.0 3.6 4,2 15.0 13.2 19 8 - 10 325 84 21
820211 - WMN 8.43 1 4.0 - 4.3 7.6 7.2 50 3 - 23 366 89 22
820507 - WMN 8.37 0 11.0 3.8 4.1 14.8 15.4 16 5 - 5 381 110 23
820805 - WMN 8.22 0 22.5 5.6 3.8 10.8 14.9 4 3 - 2 88 32 24
821110 14 WMN 8.23 0 10.0 4.8 4.9 13.7 10.2 45 14 - 32 238 68 25
830216 13 WMN 8.35 1 2.0 4.0 4,4 18.5 149 45 8 - 24 494 113 26
830526 11 WMN 8.48 0 11.0 3.6 4,1 16.4 13.8 22 - - 14 278 81 27
830818 13 WN 8.25 0 24,5 3.9 4.4 13,7 11.0 50 - - 43 313 120 28
831115 13 WMN 8.27 1 0.5 4.8 5.7 15.5 14.9 140 - -~ 24 250 54 29
840215 12 WMN 8.52 0 3.0 3.9 4.6 16.9 13.2 36 - - 16 378 90 30
840516 12 WMN 8,32 0 16.5 3.5 4.2 19.9 19.8 7 - - 2 284 93 31
840815 12 WMN 8.27 0 22,0 3.9 4.2 18.2 18.1 8 - - 2 209 77 32
841114 13 WMN 8.35 0 7.0 4,1 4,2 11,0 12,7 49 - - 19 319 85 33
850211 14 WMN 8.39 1 0.0 5.2 4.9 12.9 12.1 55 - - 15 203 43 34

WONOWV W~

DATE C02 SI02 TOHA t-PO4f NH4-or NH4 K NA CA MG MN AL FE CL NO3 ALK H2PO4 S04 CO3 IR NR

= eevessssssrsesressssassssvsss{equivalent) mmol/ms.................................... -

250729 - - - - - - = = - - - - - - = - - - - -
260410 - - - - - - = = = = = e = = - - - - - -
781109 - - 450 - 22 155 46 348 549 354 - 334 27 451 2 0 0.21 1416 0 0.55
790710 682 17 250 0.32 19 122 36 413 274 222 5 122 81 465 3 0 0.05 1041 0 0.37
790815 568 8 240 0.32 36 111 54 413 250 214 4 178 64 480 6 0 0.05 1020 0 0.34
790911 773 33 310 0.53 13 166 49 435 299 304 5 311 46 550 2 0 0.05 1249 0 0.35
791010 568 8 270 0.42 19 94 54 435 299 239 5 189 23 522 3 0 0.05 958 0 0.36
791112 432 17 270 0.63 13 100 84 370 299 239 4 167 20 480 8 0 0.21 916 0 0.38
791210 432 8 230 0.l1l1 6 155 72 391 274 197 4 222 27 451 8 0 0.05 895 0 0.38
800108 364 - 200 0.74 39 100 43 283 250 140 3 78 43 381 10 0 0.11 687 0 0.40
800212 409 8 170 1.90 25 155 51 283 175 156 3 78 16 339 6 0 0.05 645 0 0.34
800311 500 17 200 0.53 17 100 59 348 200 189 3 167 22 395 1 0 0.11 729 0 0.34
800414 613 8 240 0.11 17 116 92 478 250 222 4 167 26 465 13 0 0.11 1020 0 0.35
800513 636 8 240 0.63 19 111 82 435 250 230 4 278 30 508 3 0 0.11 916 0 0.33
800610 568 8 240 3.05 33 67 59 435 250 230 4 189 32 522 8 0 0.42 1020 0 0.32
800813 432 8 220 0.53 17 67 51 348 250 189 4 167 40 451 6 0 0.11 729 00.36
801111 341 8 190 0.63 30 72 54 348 200 173 4 133 25 367 3 0 0.21 708 0 0.35
810210 295 50 170 0.84 25 105 59 283 200 140 3 122 32 381 6 0 0.11 604 0 0.34
810510 386 8 160 1.16 28 72 72 391 150 173 3 6 70 465 1 0 0.32 687 0 0.24
810812 409 8 170 0.74 17 61 66 413 175 156 3 42 38 508 1 0 0.32 541 0 0.26
811112 341 8 90 1.26 14 144 49 304 50 132 4 53 16 395 6 0 0.05 521 0 0.11
820211 364 17 80 1.16 25 30 31152 75 66 3 50 21 169 3 0 0.11 291 0 0.31
820507 273 8 170 1.05 8 172 59 304 175 156 4 167 30 451 1 0 0.21 687 0 0.28
820805 295 17 130 0.84 8 78 43 326 150 115 3 50 40 508 1 0 0.42 521 0 0.23
821110 341 67 90 0.63 33 255 49 261 100 82 3 24 91 381 3 49 0.21 416 0 0.21
830216 318 33 110 0,32 25 316 56 326 100 115 3 50 75 423 10 0 0.05 645 0 0.19
830526 273 83 110 2.32 25 216 31 283 100 107 2 56 59 367 10 0 0.42 604 0 0.21
830818 204 47 100 1.37 78 111 38 326 100 90 2 39 150 494 3 8 0.21 437 0 0.17
831115 318 37 110 1.26 11 416 33 239 100 115 2 37 258 536 2 164 0.32 416 0 0.16
840215 318 30 140 0.21 19 294 49 326 150 123 3 89 15 437 5 8 0.11 521 0 0.26
840516 364 38 190 0.21 13 316 51 391 200 181 3 86 12 508 3 0 0.05 874 0 0.28
840815 341 12 110 0.21 11 360 31 348 100 123 3 44 27 508 2 0 0.05 645 0 0.16
841114 341 73 120 0.74 16 177 31 283 150 90 2 67 30 367 3 0 0.53 458 0 0.29
850211 886 112 140 1.05 15 244 36 283 150 132 2 72 70 423 8 66 0.11 458 300 0.26

References: nr. 1,2 J. Heimans (pers. comm.); 3 Van Dam et al. (1981); 4-34 own record.
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Appendix 19 (continued)
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Appendix 20

ACHTERSTE GOORVEN station A. All diatom taxa, with pH-indices (R). 9 = taxon
present outside the count, - = taxon not found,

YEAR 19 19 29 s2 53 78 79 80 80 81 81 82 82 83 83 84
R MONTH 9 12 7 6 8 11 11 5 It 5 1t 5 1t 5 11 5

SERIAL NR 2 i 3 4 5 10 11 17 20 22 24 26 28 30 32 34

ACHNFLEX - - - - -
ACHNHUNG - 0 - 4 -
ACHNLANC - 0 - 0
ACHNMINU 88 189 112 44
ACHNPUST - - - 1
AMPHLYBI - 1 - -
AMPHPEDI - - - -
AMPHVVCA he - - 1
ANOMEXIL - 0 17 0 -
ANOMESLA 76 38 87 11
ANOHINTE - - - 1 -
ANOMSBET he - - 1 -
ANOMSERL - - - - 5
ANOMSvBR - - ]
COCCPLAC - - -
CYCLCOMT - 0 -
CYCSDUBL - - -
CYMBAEQU - - -
CYMBCIST - - -
CYMBGRAC 22 0 12
CYMBINCE - - -
CYMBMICR 183 145 73
CYMBMINU - - -
CYMBRAV L - -
CYMBPARV -
EPITZEBR
EUNMvMB
EUNOELEG
EUNOALPI
EUNOELEG
EUNODENT
EUNOEXIG
EUNOFABA
EUNOFLEX
EUNOFfRH
EUNOLUNA
EUNOMvBI
EUNOPECT
EUNOPMEI
EUNOPRAE
EUNOPVMI
EUNOBPVUN
EUNOPYVE
EUNORROM
EUNOSUDE
EUNOTENE -
EUNOVALL -
EUNQVENE 1
FRAGCAPU -
FRAGCvVA -
FRAGCYVE -
FRAGTENE -
FRAGULNA -
FRAGUvAC i
FRAGVIRE 0
FRUSRHOM 0
FRUSRvSA 12
]
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Appendix 21

ACHTERSTE GOORVEN station B. All
the count, - = taxon not found.

YEAR 25 26 26 28 29
R MONTH 7 4 9 8 ?

SERIAL NR 1 2

w
&
w
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GOMPCRAC - - - 1 -
GOMPPARY - - - - ~
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Appendix 22

ACHTERSTE GOORVEN

TRRNUNOOUNNERELNRN S - P LR LWL UL R W R LN S N e F O P U P W R P E NGOG R PR RRNNNRNRNRN NN N - W WR RN = R RN B R 5O B 1 s b B b B w W w b

YEAR
MONTH

SERIAL NR

ACHNALTA
ACHNLANC
ACHNMINU
ACHNPERA
ACTINESU
AMPHOVAL
AMPHPEDT
ANOMEXIL
ANOMEf LA
ANOMSBT
ANOMSER!
ANOMSVBR
COCCPLAC
€05C0329
CYMAELLI
CYMBGRAC
CYMBHEBR
CYMBMICR
EUNGALPI
EUNODENT
EUNOELEG
EUNOEXIG
EUNOEVB L
EUNOFABA
EUNOFLEX
EUNOFfRH
EUNOLUNA
EUNOLVCA
EUNOMVBI
EUNOPALU
EUNOPECT
EUNOPMS [
EUNOPOLY
EUNOPRAE
EUNOPVVE
EUNORHOM
EUNORVTE
EUNOTENE
EUNOVALI
EUNOVENE
FRAGCAPU
FRAGCVVA
PRAGCVVE
PRACULNA
FRAGVIRE
FRUSRHOH
PRUSRVSA
GOMPANGY
GOMPCONS
GOMPGRAC
GOMPFARY
HANTAMPH
MELOVARL
NAVICBRE
NAVICLENM
NAVIPEST
NAVIGRAC
NAVIHEIM
NAV THOEF
NAVIHUNG
NAVIMEDI
NAVIMUTI
NAVIMVAT
NAVIPROT
NAVIPSET
NAVIPUPU
NAVIROTA
NAVISUSB
NEIDAFFI
NEIDDUBL
NITZGRAC
NITZHANT
NITZPALE
NITZPERK
NITZSCLE
NITZSIGH
PEROHERL
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Appendix 23

GERRITSFLES . All diatom taxa, with pH-indices (R). 0 = taxon preseat outside the count, - = taxon not found.

YEAR 16 16 16 18 18 18 18 50 50 SI 60 64 64 65 65 70 73 74 77 77 78 78 78 78 78 79 80 80
R MONTH 6 6 7 6 7 7 7 9 9 9 7 5 11 4 10 4 6 4 11 11 8 11 1t 11 11 11 5 1t

SERIAL NR 70 171 2 3 4 5 7 8 9 10 I 12 13 14 15 16 17 18 19 22 20 72 23 21 28 34 37

ACHNALTA -~ 0 - - - - - -

ACHNLANC - - - - - - - - 0 - - - - - - - - ~ - - - 0 - =~ - - 1 -
ACHNMINY - - - 3 1 8 - - 1t 4 3 - - - - 1 2 - 1 - - 0 - - 2 - - -
ACHNMARG - - - - = - - - ~ - o - - -9 - - - - - - - - - -
ACTIUNDU - 0 - = - = = = = = - - = < - - - .- - - oL
AMPHTHUM - - - - - - - - - . . . - -2 - .- ...
AMPHVENE - -~ - - - - = - - - o - 1 = - - = - - - - - - - - - -
AMPIPELL - 0 - - = = = = o o . = e e . oo e ..o Lo
ANOMEfLA - - - 23 33 3% 3% 6 0 6 3 - - - - - - - 611 - - - 0 2 - - -~
ANOMSYBR - - = 1 = -~ ~ = - - - @ = - = = = - = - - - - - o _ .
ASTEFORM - - - - - - - - B 5 -

BACIPAXI - 0

CALOLVDE - 0 - 3 7 5 13
COCCPLAC - -

cosco3z9 - 0

CYCLMENE - -

CYCSDUBL - - - - - - - -
CYMBAEQU - - 2 - - -
CMBGRAC ~ - - 4 =~ 0 0 - - 1 - = = - - - - - - - - - - - - .

1

=100
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CYMBPROS - - - - -

DIPLINTE - - =~ =~ - S T T T
EUNGALPI - 0 1 - - =~ =~ = 1 =~ - = = - - =« ~ -~ - - - . o . . - . .
EUNODENT - - = = = =~ = = = 1 = = = . = = = ~ -~ - . o . - - - -

EUNODIOD - - - 0 = = = = = e e e e A= e e e ... oL
EUNOELEG - =- - 6 - - ~ - = = - = =~ - - - - - - -
EUNOEXIG - 6 11 18 18 5 6 16 B6 10 24 249 364 328 376 242 268 370 371 272 394 378 400 364 355 383 396 395
EUNOFALL - - - - - 1 = = = - - - . oo 1

EUNOLUNA 310 45 B7 31 65 99 60 t0 7 - 25 20 - 2 -~ - -
EUNOLVEX - - - - - - - - - - - - - - - - -
EUNOMEIS -~ - - - - - - 3 - - - - - - - -
EUNOMVBI - - - 1 - 0 = = - - a4 4 . . 4 - o o ...
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BUNOPECT - - = - =~ = = = = = = 2 = L . 4 - - - 9 - = - o . o .o
EUNOPMEL - - - O - = = = = = = = - o e o - o o o 4 o oo oo
EUNOPOLY - 1 - - - = - - ~ = - - - - - - - - 0 - - - -
EUNOPVBI - - - - - = = = = = - - o . . oo

EUNOBWKL - - - - - 0 - - - - -
EUNORHOM - 6 4 25 15 53 82 139 75104 130 1
EUNOTENE - 11101 5 8 19 32 64 238 8 29
EUNOVALL - 0 - - -
EUNOVENE 9 289 54 161 108 27 76 80 43 12 37
PRAGCAPY - O -

PRAGCROT - - - = - - =~ = =— - = - = =+« -
PRAGCVBL - -~ - -
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FRAGUWAC ~ - - - = = = = = =~ = =« - -
PRAGVIRE - 0 - O

FRUSRHOM 0 - - -

PRUSRVSA 66 18 24 33 20 24 25 36 121 198 49 35 10 26 1
GOMPCONS = = - - = = = = 0 = = = = = =
GOMPGRAC - - - -~ - -
GOMPPARV - - = 1 - - = - = = = - = = = . = = - - ... - - - o
MANTAMPH - - = = - - = = = = = = 0 = = = = = 0 =- - - = = =« =~ = =
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NAVIHOEF - - - 1 - - - - - 1 - - - - - - - - - - - - - - - - -

RAVIHUNG - 1 - -
NAVILANC -~ - = = = = = = = = & 4 =« 4 « + - = - 0 - = = - - - - -
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Appendix 24

XLIPLO. All diatom taxa, with pH-indices
taxon not found.

YEAR
R MONTH

SERIAL NR

2 ACHNALTA
4 ACHNEVHE
4 ACHNLANC
4 ACHNLVEL
3 ACHNMINU
4  ACHNROST
3 ACTINESU
4 AMPHPEDL
4 ANOMEXIL
3 ANOMEfLA
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4  ASTEFORM
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4 CYMBEHRE
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Appendix 25 Appendix 26

TONGBERSVEN-WEST. All diatom taxa, with pH GROOT  HASSELSY ALl diatom
indices (R). O = taxon present outside the taxa, with pH iadices (R}, N =
count, — = taxon not found. First two samples taxon present outside the
:"1 from western basin, others from eastern couat, - = taxon not found,
asin,

YEAR A3 A3 B} 84 B4
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Appendix 27
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Fleld chemistry at diatom sampling 1in Tong-
bersven-West (1) and Groot Hasselsven (H).
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