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1. INTRODUCTION

The construction of large reservoirs such as the man-made
Brokopondo lake, is certainly not the result of proposals and con-
clusions of biological studies, but rather of political, technological
and economical decisions without serious consideration of the bio-
logical implications. The biologist is faced with the results of a
serious and hazardous intervention in the environment of man,
animals and plants, which must be evaluated and if possible man-
aged after planning and construction. Therefore it is a positive
development that in recent years in more cases the ecological aspect
of dam construction is integrated in the plans.

In the case of Lake Brokopondo, officially called Prof. Dr. Ir.
W. J. van Blommesteinmeer, long before the work was started the
biological implication of the construction of a dam in the Suriname
River was considered in a scientific study (ScHULZ 1954) sponsored
by the Foundation for Scientific Research in Surinam and the
Netherlands Antilles (STUDIEKRING), which study however, appear-
ed to have no influence on the planning. The “barrage’ was built by
the Suriname Aluminium Company (SuraLco) for hydro-electric
purposes and completed on February 1, 1964. In 1962 the Executive
Board of the Netherlands Foundation for the Advancement of Re-
search in Surinam and the Netherlands Antilles (Wosuna) allocated
funds for the carrying out of the Brokopondo Research Project and
so in November 1963 the hydrobiological investigations in the future
lake region could be started. Some months later also botanical and
ichthyological research began.
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It goes without saying that this was for me an unique oppoitunity to study hydro-
biological phenomena in the unknown tropical inland waters of Surinam and to
follow the forming of one of the biggest tropical impoundments about 1500 square
kilometres, comparable only with the well-known barrage lakes Kariba, Volta,
Kainji and Aswan in tropical Africa. I am most grateful for this to the Board of
WosuNa and the director of the State Institute for Nature Management (Prof. Dr.
M. F. M6RzER BrRuUYNS) who enabled me to undertake this study. My experience
with the hydrobiological work in the Netherlands, focussed on evaluation, conserva-
tion and management of waters for nature conservation, could now be used in this
tropical country.

Arriving in Surinam a few months before the closing of the dam, I immediately
started to collect as much data as possible about the still flowing Suriname River.
Without the help of SuraLco, who provided boats, manpower, laboratory, housing
and other facilities at Afobaka this would not have been possible. Also the assistance
of the Government through the District Commissioner of Brokopondo was of great
value in providing permanent manpower and in arranging the expedition on the
Saramacca River in April 1964. Mention must also be made of the kind assistance of
Dr. D. HEINEMANN from SUNEVO (Surinam Netherlands Health Organisation) at
Paramaribo, who made it possible to carry out more extensive chemical analyses in
his laboratory, which could not be done in the primitive hut at Afobaka.

The Biological Brokopondo Research Project was set for a period
of three years. During this time the team of biologists was backed
by the Netherlands Commission for Research in Artificial Lakes in
Surinam of the STUDIEKRING. In 1964 the WOSUNA was reorganized
in the Netherlands Foundation for the Advancement of Tropical
Research (WoTro), which took over all financial and administrative
responsibilities. The assistance of the ‘“Brokopondo Commission” of
the STUDIEKRING, and especially of its president Dr. J. H. WESTER-
MANN, may be considered to be vital for the work and the project.
In Surinam the social worries of the team were ably solved by the
representatives of resp. WosuNA and WoTro, which saved much
time. It will be understood that it is impossible to mention all people
who were helpful during the stay in Surinam. : '

Some months after my start of the hydrobiological research at
Afobaka, I was joined by Drs. J. vAN DER HEIDE, who continued the
regular observations when I left Surinam in 1964. In 1967 he was
succeeded by Mrs. drs. H. Ni1JsSEN-MEYER, who finally closed the
continuity of the work by leaving Surinam in July 1967.

The STUDIEKRING and WoTro decided to continue the research only by giving
facilities to investigators for short visits. However much we appreciate this gesture,
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it must be stated that regular continuation of the hydrobiological observations in
this newly formed tropical impoundment should have been taken over by some
Surinam organisation for scientific research.

The Division of Hydraulics of the Ministry of Public Works and Traffic at Para-
maribo (WLA) in 1967 started a monthly sampling programme at the fixed stations
by measuring oxygen, temperature, BOD and other factors. The execution of this
programme became possible as in August 1967 the lake was almost ready for
operation. It was agreed that at this point the Government should take over some of
the tasks for the management and operation of the lake from SuraLrco. It was
arranged that WLA included monthly plankton samplings in its programme which
were forwarded to the Netherlands together with the chemical data for investigation
and criticism. In this connection my visits to Lake Brokopondo in 1968 and 1972
must be considered and the results are added in the Appendices of this paper. In the
years after 1967, WLA did not stop at this sampling programme but started more
activities on the lake such as measuring evaporation and precipitation at different
stations; measuring wind effect on water movements in a hydro-meteorological
scheme. These observations already showed their value when climatological research
was done by airborne remote sensing. So thanks to the activities of WLA we are able
to follow the developments in the lake and we hope that this will be stimulated also
from outside the country.

The international scientific interest in the Brokopondo Project was evident,
especially from the limnologists working on other tropical reservoirs. In the pre-
paratory phase of the research Dr. E. B. WORTHINGTON from the Nature Conservancy
in London was invited to the Netherlands in order to discuss the programme with the
team and also Dr. RoseMARY McCoONNELL née Low provided suggestions in relation
to her experience with ecological research done in Guyana.

In the course of time since the beginning of the work at Brokopondo the contacts
with other investigators were intensified. In most cases the interest went out to the
growth of water-hyacinth, the rate of decay of the drowned forest and the problems
with migration of indigenous people in the lake region. The interest was also stimu-
lated by several lectures and publications and the regular distribution of the Progress
Reports; in 1965 at the Man-made lakes Symposium of the Institute of Biology in
Londou; a lecture in Plon at the Max-Planck-Institut fiir Limnologie, Abteilung
Tropendkologie where the contact with Prof. Dr. H. SioL1 became close; in 1968
lectures for the International Society of theoretical and applied Limnology in
Warsawa and in 1971 in Leningrad; a contribution to the Symposio s6bre a Biota
Amazonia in Manaus in 1967; a lecture at the International Symposium on Man-
made lakes at Knoxville, U.S.A. in 1971.

International interest was shown also by the assistance of several specialists for
the identification of the various taxonomic groups. Dr. G. MARLIER, Brussel, identi-
fied a number of Trichoptera; Dr. G. DEMOULIN, Brussel, Ephemerida; Dr. F,
‘WieBacH, W. Germany, Bryozoa; Dr. Br. BErzINS, Sweden, Rotifera and Dr. P.
BoURRELY, Paris, Desmidiaceae. In the Netherlands assistance was given by L. J. M.
BuroT from my institute (R.I.N.), Mollusca; Dr. L. B. HoLTHUIS from the Rijks-
museum van Natuurlijke Historie at Leiden, Crustacea. Dr. P. vAN DOESBURG,
Leiden, Rhynchota and Coleoptera. Dr. D. C. GE1)SKES, Leiden, identified the Odonata
and was also helpful with the identification of several other groups of organisms.
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Mr. A. vaN DER WERFF, De Hoef, identified several of the diatoms. I am most
grateful for their kind help.
Thanks also to Mr. H. WermMENBoOL, R.I.N., who made the drawings (Figs. 1, 3—39).

Finally I must thank Mr. and Mrs. E. BLok vAN CRONESTEIN, Zeist, who co-
operated in the correction of the very first draft of the English text, and not in the
least Dr. P. WAGENAAR HUMMELINCK and Drs. LoUISE J. vaAN DER STEEN of the
Zoological Laboratory, Utrecht, who with never failing criticism and lasting enthu-
siasm prepared this treatise for the press.

Methods

At different depths water samples were collected with a Ruttner
water sampler of 1 liter volume.

Oxygen was estimated by titration accordlng to the Winkler
method. In 1968 oxygen was also measured with membrane electro-
des, but lack of accuracy and difficulties with the instrument forced
us to return to Winkler titrations. :

Electric conductivity was measured with a Dionic meter; pH with
an electric pH meter (Electrofact).

Plankton was collected by sieving through a net with 46 p
meshes. For quantitative purposes 4 buckets of water (about 401)
from the surface were poured through the net.

The plankton organisms were identified with the aid of several
keys, such as those found in the well-known volumes of THIENE-
MANN’s Die Binnengewdsser and Die Tropische Binnengewdsser, and
further in: HUSTEDT's Die Kieselalgen, in RABENHORST's Kryplo-
gamenflora; PRESCOTT, Algae of the Western Great Lakes Area;
GRONBLAD, De Algis Brasiliensibus; SCOTT & GRONBLAD, New and
interesting Desmids from the Southeastern United States; VOIGT, Rota-
toria; WARD & WHIPPLE, Fresh-water biology.

The results of the examination of the plankton samples are given
in Tables I-XIV. An estimation of the relative abundance of each
species is given as follows: 1 = present, 2 = moderate numbers,
3 = many specimens, 4 = large numbers, 5 = very large numbers.



2. RIVERS AND STREAMS

Most rivers in Surinam run from south to north into the Atlantic
Ocean. In the east the large Marowijne River (Maroni) borders
French Guiana; in the west the Corantijn River borders Guyana
(formerly British Guiana). These two are the largest rivers. In
between, smaller rivers are found e.g. the Suriname, Saramacca,
Coppename and Nickerie. In the coastal plain a number of small
rivers originate at only a short distance from the coast e.g. the Boven
Commewijne, the Coesewijne and Tibiti, the Maratakka and Nannie
Kreek. Some of these rivers run through the sandy soils of savannas,
from which they derive a characteristic brown colour, so that they
‘may be characterized as Brown Water. In the tidal zone close to the
coast some rivers run in an east-west direction, as for instance the
Cottica, connecting the Marowijne and Suriname River.

2a. SurRINAME RIVER (Figs. 1-3; Table 1)

The Suriname River flows between lats. 6 and 3 N and longs. 55
and 56 W to the Atlantic Ocean. The drainage area is 12.200 square
kilometers. Near the sea a flat coastal plain is found and from there
the land slopes upwards to the watershed. In the interior the subsoil
is rocky; the topsoil is poor in minerals. For the greater part this
area is covered with tropical rainforest. Sandy savanna areas are
found in the low lying grounds, beginning at a distance of 70 km
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from the sea. In the upper course many rapids and falls occur.
Between these obstructions the river is sluggish. In the lower course
no rapids are found and the water gradually becomes turbid, espe-
cially in the tidal zone.

A few months before the closing of the dam, I arrived in Surinam
and as no hydrobiological information was known of the Suriname
River, there was little time left to collect data of the river in its
original condition. The dam is located at a distance of about 110 km
from Paramaribo.

I began collecting data in a stretch of the river between Afobaka
and Pokigron, where the reservoir would be formed. This barrage
lake will eventually cover an area of about 1500 square km. Parts
of the tributaries Sara Kreek and Grankreek or Marowijne Kreek
will also disappear under water. Therefore these rivers were studied
first. The results are recorded in the following chapters.

During the few trips I made on the river before the dam was
closed, the only waterplants present were Podostemaceae, which
occurred on the rocks of the rapids and falls. Along the borders no
swamp vegetation could be found. The trees grew right down to the
water. There were very few pools or swamps with stagnant water
along the river or (probably) in the interior of the forest. A few
specimens of the waterhyacinth (Eichhornia crassipes) were found.
Upstream in the Sara Kreek near Soekroewatra there was a small
swamp encroached upon by the waterfern Cerafopteris pteridioides,
which was badly damaged by caterpillars.

The paucity of swamp vegetation and Eichhornia may be due to
the swift current and the changes in waterlevel. During the rainy
season the waterlevel rises swiftly and large areas of the forest are
flooded. In the dry season the river is more than 300 m wide with
shallow places and sandflats. The rocks in the rapids are mainly dry
at this time. :

Observations on the Suriname River outside the reservoir region
were carried out at a later date. In August and September 1964
expeditions were made to the upper course of the river, where the
Pikien Rio and the Gran Rio join the Suriname River. In the lower
course of the river observations were carried out Wthh however,
will be discussed in another publication.
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Fig.2 LAKE BROKOPONDO max. extension

The upper course of the Suriname River did not differ much from
the stretch between Afobaka and Pokigron. Rapids with Podostema-
ceae and turbulent water alternate with slowly moving or even
stagnant water with sandflats. The bottom of the riverbed is rocky;
gravel and stones are absent. During the trips bottom organisms,
plankton and water samples were collected. The organisms found
are discussed in the next chapters. Data on the chemistry of the
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Suriname River from the upper course down to the tidal zone are
given in Table 1.

_The figures show that the Suriname River is very poor in minerals
and that the water is acid. During the long voyage to the sea the
mineral content gradually increases together with the pH. Data on
temperature are too few to justify conclusions, but it may be men-
tioned that other observations indicate that temperature rises as
well. :

In the lower course, from Afobaka to Phedra, the river never
showed an electric conductivity higher that 35 pS. This was mea-
sured at Phedra, in the fresh water tidal zone.

The water of the river was only slightly coloured. From the air the
water looked brown, but in the laboratory, after sedimentation, it
appeared to be colourless. There was some opalescence due to iron
and silica; under field conditions, however, the small amount of
brown detritus and iron produced a brownish colour. There appeared
to be virtually no brown coloration due to dissolved humic acids.
The Suriname River therefore may be characterized as a Turbid-
Brown (iron) Water. This does not correspond with the water types
distinguished by SioLI (1950, 1956, 1964) for the Amazon area. The
Brown or Black Water type of SIoLI comprises waters which are
coloured brown or even black by dissolved humic matter. The Suri-
name River has more affinity with the Clear Water type of SioLI.
Black or Brown Waters are in fact present in Surinam but not in the
upper course of the Suriname River. Only in the tidal zone, some
Black Waters enter the Suriname River (Para Kreek, Coropina
Kreek, see also Chapter 2g). .

The water is not very transparent. Secchi-disc readings were
1.25 m at Pokigron and 1.30-2.0 m at Afobaka. '

Regular hydrobiological observations at Afobaka and in Sara
Kreek were only possible before the dam was closed (on February 1,
1964).
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Fig.3 Sampling stations

Brokopondo lake
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2b. SURINAME RIVER AT PokIGRON (Figs. 3 and 5-6; Table I)

As travelling by river from Afobaka to Pokigron took some days,
it was impossible to collect weekly samples at this location. The
Surinam Aluminium Company, however, took daily gauge readings
at Pokigron and was so kind as to forward weekly samples to
Afobaka. River gauges, temperature, electric conductivity and pH
were recorded. Furthermore, two plankton samples were taken, one
by pulling the plankton net some distance through the surface layers
of the water and a second by pouring 4 buckets of watgr (40 1) from
the surface through the net.

As the river at Pokigron will remain undisturbed after the lake
has filled, at this station data about quality and quantity of the
water entering the lake could be collected continuously. The obser-
vations from December 1963 to September 1964 give a good picture
of the river during the course of the year. With certain restrictions
they may serve to give an idea of the situation at Afobaka before
the river was dammed. Observations from September onwards will
be treated in a paper by J. vaAN DER HEIDE (1974).

Fig. 5 shows that the waterlevel was fairly constant during the
period from December until March. In the week of January 14, a
short rainy period caused a rise. This also occurred in the week of
March 25. In the last week of May the long rainy season began and
the waterlevel was 2 m higher for a period of two months (June and
July). Later on in August and September the waterlevel was lower.

The temperature during the observation period fluctuated from
25 to 31.3°C. If we compare the values found in the period from
December ot February at Afobaka with those found in the Sara
Kreek (Fig. 10 and 14) we observe that the temperature is more
constant at Afobaka. The minimum temperature at Afobaka was
always higher than that at Pokigron and in the Sara Kreek.

The difference is caused by the fact that in the Suriname River
the water is warmed on the stretch from Pokigron to Afobaka.
GEIJSKES (1942) has made the same observation going downstream
on the Marowijne River. In the narrow and shady Sara Kreek the
temperature was about 2°C lower than in the wide and exposed
Suriname River at Afobaka. At Afobaka the water is warmest during
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Fig.4 Saramacca project
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CHEMICAL ANALYSES AND WATER LEVEL OF THE SURINAME RIVER AT POKIGRON (1963-1964)
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the dry period from April to May as the river then was shallow and
sluggish. At the end of May, with the onset of the rainy season, the
water rises and the temperature drops sharply. This picture is in-
fluenced, however, by events happening upstream of the sampling
station. When local showers in an upstream region add cold water to
the river it takes some time before it reaches the sampling station.
As a result a drop in the temperature may be registered at a time
when it is not raining anywhere near the station.

The electric conductivity is fairly constant at Pokigron, where it
is lower than at Afobaka. The lowest conductivity (15 uS) is found
during the rainy period at the end of July. However, there is a
temporary rise in conductivity when the rains begin, due to the
transport of material from the forest and river bed. The pH also is
lowest in the rainy period. After some time all minerals, detritus and
plankton have been washed downstream and from July 8 until
August 26, nothing could be found in plankton nets apart from
spiculae of sponges and a small amount of detritus. The water could
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be considered to be practically pure rainwater. A characteristic
plankton community develops during the dry season when the river
runs slowly and is partly stagnant. When the rains start, the greatest
part of this community is washed downstream within a week. It is
replaced temporarily by a community composed of Arcella, Heliozoa,
a few Eudorina elegans and Rhipidodendron huxleyi, bottom diatoms,
mosquito larvae, Ephemerids and spiculae of sponges. This alloch-
tonous plankton originates from small rivulets and backwaters in
the forest. The general picture during the rainy period is that at first
river plankton is flushed and after that the plankton from the small
streams is transported. Finally only rainwater remains.
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The plankton community of the river is very poor in zooplankton. In the dry
season, April and May, we find the crustaceans Cyclops, Bosminopsis deiterss and
Moina, and the rotifers Polyarthra, Keratella amevicana and Conochiloides coenobasis
more frequently as the river flows more slowly then. Rhizopoda and Heliozoa are
common in the plankton.

The motile green organism Eudorina elegans is present regularly and appears to
increase in numbers when conditions in the water are changing, for example at the
beginning of the rainy season. At this time more oxygen may be produced by the
green organisms (Eudoring) and the river shows biological selfpurification under
natural circumstances. GESSNER (1965) observed the same in the Orinoco. This
phenomenon was also observed during the initial stages of the lake forming near
Afobaka. The predominant non-motile organism in the plankton of the river was the
diatom Eunotia asterionelloides, which developed in great numbers in the dry season.
Rhizosolenia eriensis and Rh. longiseta were also common, Surirella occurred regular-
ly and Melosira granulata was present irregularly and in very small numbers.

In the Saramacca river, which runs parallel to the Suriname River, Melosira is
present in greater numbers and Eunotia is subdominant, while the total plankton
community is similar to that of the Suriname River.

The desmids in the Suriname River are well represented by Closterium, Cosmarium,
Cosmocladium, Euastrum, Gomatozygon monotaenium, Micrasierias avcuatus, M.
brasiliensis, Sphaerozosma granulatum, Stauwrastrum inaequale, St. trifidum, St.
mamillatum, and others. Chlorophyceae are less common. Dictyosphaerium pulchellum
was found regularly, originating from stagnant parts of the river. Pediastrum duplex
was seldom found in the river but it occurred in fair numbers in a grass swamp near
Afobaka, and during periods of high water it could be transported into the river.

Blue-green algae were rare in the plankton. Merismopedia convoluta was found
more frequently than Oscillatoria. Other organisms present in the plankton were
nematodes, ephemerid larvae, mosquito larvae, Hydracarinae, zoecia of Plumatella,
single eggs of dragonflies, and veliger larvae. The latter are free swimming larvae of
a unionid, probably Diplodon voitzi, the most common mussel in the river. Sponge
spicules and pieces of Podostemaceae in the plankton originate from organisms
living on the rocks of the rapids. Detritus is always present in the plankton as a
brownish black flaky material; the amount fluctuates as already mentioned.

The presence of Actinocyclus normanni was rather a surprise as this diatom is
characteristic of freshwater tidal zones. Generally it prefers turbulent fast moving
tidal waters, but there are no tidal currents in the upper reaches of the Surinam
River. However, on a trip from August 13-17, 4ctinocyclus was found in the Pikien
Rio, a Gran Rio tributary, the Gran Rio, the Suriname River at Semoisie and also in
the Anjanwoyo Kreek. At the time of the trip the water was high because of the
rains. Thus Actinocyclus is not restricted to conditions found in the tidal zones. As it
was found in the upper reaches when rain caused turbulent water, it is probable that
it occurred there as a tychoplankton organism, normally living on the bottom. The
high specific gravity of the species causes Actinocyclus to sink in quiet water. The
salinity of the water seems to be unimportant.

Apart from the regular observations a few incidental observations can be given;
On December 24 and December 25, 1963 oxygen was 6.3 and 6.0 mg/l respectively,
appr. 809, saturation. Similar values were found at Afobaka. The alkalinity was 0.20.
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Transparency measured with the Secchi-disc was 1.25 resp. 1.25 m. This is somewhat
less than at Afobaka. The depth of the river at the sampling place was between 1.25
and 2 m. All weekly samplings were taken at noon.

2c. GRANKREEK (Table 2)

The Grankreek (= Marowijne Kreek) resembles the Sara Kreek.
It is a strongly meandering tributary of the Suriname River and
many parts of it are overshadowed by trees. In the upper reaches
many rapids are found and in the dry season navigation is not a
simple matter.

In July a trip was made with dr. D. C. GEIJskEs and dr. M.
BoESEMAN in order to get an impression of the part of the stream
which would become part of the future Brokopondo Lake. Earlier
observations were carried out a short distance from where the stream
joins the Suriname River. The results of the chemical analyses are
given in Table 2.

As in the Sara Kreek (see Chapter 4b), the electric conductivity
in the Grankreek is higher than in the Suriname River. The pH is
nearly the same. In July the conductivity and the pH were lower
than in March and December, owing to the addition of much rain-
water from the end of May onwards. The temperature of the water is
lower than in the Suriname River as may be expected from the
shaded character of the stream.

In December a large amount of brown flaky material with many iron bacteria (cf.
Leptothrix) was present in the plankton, together with: Alona, Cyclops, Anuraeopsis
fissa, Polyarthra, Trichocerca similis, Arcella, Diffiugia, Heliozoa, Lesquereusia,
Eudorina elegans, Euglena, Phacus pleuronectes, Trachelomonas caudata, Dictyosphae-
rium pulchellum, Franceia?, Closterium, Cosmarium, Micrasterias arcuatus, Diatoma,
Eunotia asterionelloides, Melosira, Surirvella, Actinospora, nematodes and single eggs
of dragonflies. This plankton is like that of the Sara Kreek.

In July 500 m upstream only a small amount of flaky material was found, but
many iron bacteria were present. Other organisms were Alona, Bosminopis deiteris,
Conochiloides coenobasis, Arcella, Eudorina elegans, Closterium, Actinocyclus norman-
ni.

Near the first and second rapid much brown flaky material was present in the
plankton, together with Harpacticidae, Testudinella mucronata, many iron bacteria,
Avcella, Simulium, Eudovina elegans, Spivogyra, Actinocyclus normanni, Surirvella and
Lyngbya.

The rapids were overgrown with Podostemaceae among which several organisms
were found, notably Doryssa devians, Pomacea granulosa, Pomacea sinamarina,
ephemerids, the freshwater shrimp Macrobrachium olfersii and crabs.
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2d. SaraMacca River (Fig. 4; Tables 3 and II)

In view of the plans to create another artificial lake in the
Saramacca River and for comparison with conditionsin the Suriname
River, a trip was made from Kwakoegron to Boslanti with dr. M.
BoESEMAN from April 3—-10, 1964. This trip was facilitated by the
kind assistance of the District Commissioner of Brokopondo and the
Police Commissioner of Saramacca.

The Saramacca River flows west of the Suriname River. It has a
smaller catchment area, and in the dry season it is not easy to
navigate because of soelas (rapids) in its upper course. A tributary,
the Pikien Saramacca, has its source between the Saramacca and
the Suriname River.

Samples of plankton and water samples were taken at various
locations. The results are given in Table II.

"The water in the upper reaches of the Saramacca River was
browner than that of the Suriname River between Pokigron and
Afobaka but this colour is also caused by brown particles. The river
therefore may be typified as a Turbid Brown (iron) Water. Below
Mamadam a large number of sandbanks are found and the river
flows along the savanna. Near Kwakoegron a thin layer of silt was
observed on the sand and the water was rather muddy and greenish.
This is the head of the freshwater tidal zone. A

The pH and the electric conductivity increase downstream. Com-
pared to the Pokigron-Afobaka stretch of the Suriname River these
values are lower. The water contains less electrolytes and the pH is
appreciably lower than in corresponding sections of the Suriname
River, particularly in the lower reaches near Kwakoegron.

This is probably due to the character of the Saramacca River
which has many rapids and fast flowing water over longer stretches.
Also the total discharge of the river is smaller.

The composition of the plankton of the Saramacca River was
similar to that of the Suriname River, except that the dominant
diatom Ewunotia asterionelloides of the Suriname River occurs less
frequently and is replaced by Melosira granulata, which occurs in
both rivers. :
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In the upper reaches of the Saramacca Nifzschia and Swurirella were frequently
found. In the rapids and downstream to Mamadam Melosira, Dictyosphaerium and
Staurastrum dominated. Further downstream in a slower moving section large
quantities of filamentous Gonafozygon were present and also other desmids like
Closterium, Cosmarium and Micrasterias mahabuleschwarensis. Finally, at Kwakoe-
gron an increasing amount of green algae was observed whereas organisms of the
types found in the faster flowing upper reaches were mostly absent.

It may be concluded that different communities exist in the river,
resulting from the differences in the rate of flow in the various
sections. Occasionally there may be some influence of water from
tributaries joining the Saramacca, but it was not noticeable during
this trip. The Pikien Saramacca did not carry much water and did
not even communicate with the Saramacca. The samples were taken
from a pool of stagnant water between the sandbanks near its mouth.
The electric conductivity and pH were higher, as may be expected.
The single plankton sample taken from this pool is not representative
of the plankton composition of this river. It is none the less worth
mentioning that the composition was roughly similar to that in
corresponding pools in the Suriname River during the dry season.
The similarity is demonstrated by the predominance of Eunotia
asterionelloides, the paucity of Melosira and the lack of species which
were generally present in the Saramacca. Consequently the Pikien
Saramacca appears to have more affinity with the Suriname River
than with the Saramacca, which may be explained perhaps by its
location near the catchment area of the Suriname River.

As in the Suriname River Eichhornia was seldom found in the
Saramacca. A striking feature of the rapids above Mamadam was
the heavy growth of Podostemaceae. The rocks of the Awarradam
were thickly overgrown with freshwater sponges. As in the Suriname
River, water snails such as Doryssa and Pomacea had severely
corroded shells due to the low pH. Trichoptera, ephemerids and other
insects were collected. :

After the dam at Drambhosso is finished, the water in the reservoir
will probably be more acid thanin the Brokopondo reservoir, because
more humic acids are present in the Saramacca. At Afobaka the pH
dropped after stagnation from 6.2 to 5.5. The initial pH at Dramhosso
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is 5.1. The composition of the plankton and oxygen conditions will
be probably similar to those in the Brokopondo reservoir. There is no
reason to believe that the waterhyacinth will develop less rapidly.

2e. TiBiTI, COPPENAME AND TAPANAHONY (Tables 4 and III)

In order to collect data for comparison with characteristics of the
Suriname River several other rivers in Surinam were visited occasion-
ally. Samples were taken only once and therefore only preliminary
conclusions can be drawn.

On January 25 and 26 the Tibiti River was sampled. This
river is a tributary of the Coppename and it originates in the sa-
vanna. It is a typical Black Water. The stretch which was sampled
is without rapids and forms part of the freshwater tidal zone of the
river. The depth was about 6 m, the bottom was sandy and covered
with decaying organic material. On the surface dense islands of
waterhyacinth (Edchhornia crassipes) were floating, moving up-
stream and downstream with the tide. In the lower course, below
Sabana, the black colour of the water turned gradually into redbrown
and several kilometers before the confluence with the Coppename
the water again changed into a greyish turbid colour, as is found
everywhere in the coastal regions of Surinam. The vegetation along
the banks changed also and mangroves predominated, indicating the
zone of brackish water.

About one hour upstream from Sabana the rivér connected with a
large swamp covered with a dense vegetation of waterhyacinth,
which could be penetrated only with great effort. The roots of the
waterhyacinths were crowded with many organisms, such as young
fish, freshwater shrimps, crabs, larvae of dragonflies and waterbugs
as Ranatra. Other waterplants like Elodea, Utricularia, and floating
Salvinia and Pistia were present. Near the shore concentrations of
Montrichardia were found.

The acid character of the water is shown in Table 4.
The pH is low and gradually increases downstream. The mineral
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content also increases downstream and the same is found for the
Cl-ion. When compared to the Suriname River in the tidal zone the
water of the Tibiti appears to be much more acid. Evidently
Eichhornia is not harmed by a low pH. This is confirmed by its
presence in the even more acid Coropina.

The plankton of the Tibiti was not rich. It contained many iron bacteria and
spiculae of sponges. Zooplankton was dominant. Rhizopoda and Heliozoa occurred
together with the fungus Actinospora, and may be considered to be elements of the
plankton from shaded streams. Actinocyclus normanni is a typical diatom from the
freshwater tidal zone.

Large concentrations of the floating plants are found at locations with quiet
water such as swamps. The Eickhornia in the tidal zone of the Tibiti must originate
from the swamps upstream; the plants concentrate in the lower course of the rivers
where they are carried passively by the current.

In the Suriname River there are no large swamps in the upper course and this
may explain the comparative rarity of Eichhornia in its tidal zone. Waterhyacinths
are adversily attacked by water current and also by wind acting on open spaces in
stagnant water. pH and mineral content may be important factors for the growth of
the plants, but there is no reason to believe that the waterplant will not multiply in
the Brokopondo reservoir, if we compare the conditions in the Tibiti in this respect.
Development in the Brokopondo reservoir confirms that stagnation of the water
favours the development of Eickhornia.

The plankton sample from the Coppename contained mainly
sand and silt with many Coscinodiscus. Coscinodiscus is normally
found in the brackish- parts of the rivers. A list of the plankton
species is given in Table III.

Attention is drawn to the fact that no snails were found among the waterplants,
only a few naked slugs, living on the leaves of the waterhyacinth. Some shrimps were
collected at Sabana, a.o. Palaemonetes carteri and Macrobrachium jelskii.

Various fishes were seen, mainly Characidae like Gasteropelecus. The river is known
for its trapun fishing.

The Tapanahony River near Paloemeu was visited on March
8, 1964. The village of Paloemeu is located at the confluence of the
Upper Tapanahony and the Paloemeu River. Samples were taken in
the Upper Tapanahony and in the Tapanahony at the Maboegoe
falls. Near French Guiana the Tapanahony joins the Maroni.

Like that of the Suriname River, the water of the Tapanahony
was slightly coloured. In the Maboegoe falls Podostemaceae were
abundant and a few plants of Eichhornia crassipes were found in
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quiet spots. Several Pomacea and Doryssa specimens were found on
the rocks and also freshwater crabs. 4

The pH and electric conductivity were similar to those found in
the upper reaches of the Suriname River.

The composition of the plankton community is very similar to that of the upper
reaches of the Suriname River. The data should be completed, however, with ob-
servations at other locations and in different seasons.

The plankton at the Maboegoe falls contained many pieces of Podostemaceae,
spiculae of sponges, Alona, Cyclops, Chydorus, Rotaria, Lecane ludwigi, Arcella,
Difflugia, Heliozoa, Centropyxis, Eudorina elegans, Dinobryon, Dictyosphaerium
pulchellum, Kirchneriella lunaris, Micvospora?, Mougeotia, Spirogyva, Closterium,
Cosmarium, Gonatozygon mucosa, Micvasievias avcuatus, Plewuvolaenium, Staurastrum
trifidum, Oscillatoria, Diatoma, Eunotia asterionelloides, Nitzschia (in moderate
numbers), Surirella, veliger larvae, ephemerids, eggs of Odonata, chironomids and
Simulidae.

3f. OTHER RIVERS (Table 5)

The road from Paramaribo to Albina crosses several rivers in the
coastal region. On September 5 and 6, 1964, these rivers were sampled
near the bridges or at the ferries. The sampling places were located
in the tidal zone of each river. A few data on pH, electric conductivity
and Cl-content are given in Table 5.

These data have some interesting aspects. The Suriname River
near Paramaribo is brackish, but the Marowijne (= Maroni) at about
the same distance from the sea is fresh. The reason for this may be
that much more fresh water flows down the Maroni River than down
the Suriname, which keeps the salt seawater from penetrating far
into the estuary. ’

The Cottica and the Commewijne, both narrow meandering rivers,
have a very low pH, though the salinity is relatively high. This
aspect is very interesting. It may be caused by the paucity of lime
in the subsoil and by a large amount of dissolved hurnic acids carried
down by the rivers, both of which must be characterized as Black
Waters. Research, recently carried out on the structure of the sub-
soil in the coastal regions (PoNs 1966), has established the presence
of tropical podsols with a low pH. It has been mentioned before that
Black Waters originate from these podsols, which are often found in
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white sand savannas. It would be interesting to know more about
this unique type of tidal water.

The plankton at the sampling stations in the rivers is composed
either of species normally found in freshwater tidal zones, as is the
case on the Maroni, or in the more brackish tidal zone, as is the case
in the Cottica and Commewijne. The colour of the water was clear
in the Maroni; especially at low tide much detritus was present. The
Cottica carried blackish-brown detritus and was opalescent, probably
due to a high content of iron. The Commewijne carried blackish-
brown detritus and also flaky organic material. The water colour was
greyish brown and the turbidity was high.

The following plankton organisms were found in the Marowijne: Bosminopsis,
Diaptomus, Eudorina elegans, Dictyosphaerium pulchellum (moderate numbers),
Kirchneriella obesa, Cosmarium, Cosmocladium, Staurastrum, Actinocyclus noymanni
(moderate numbers), Melosira granulata (moderate numbers), Pinnularia, Surirella,
spiculae of sponges. Atlow tide on the next day many Actinocyclus were present, with
calanoid copepods, veliger larvae, Bosminopsis deitersi, Cyclops, Moina, Eudorina
elegans, Dictyosphaerium, Closterium, Euastrum monocylum, Bacillaria paradoxa,
Melosiva granulata, Surivella (moderate numbers), spicula (moderate numbers). This
plankton is typical for the freshwater tidal zone. No salt or brackish water organisms
were found.

In the Cottica also organisms from the freshwater tidal zone were present, but
the diatom Coscinodiscus may be considered to be a representative of brackish water.
Bosminopsis deitersi, Cyclops, Cathypna luna, Lecane, Monostyla bulla, Arcella,
Euglypha, Dictyosphaerium pulchellum, Mougeotia, Spirogyra, Closterium, Desmidium,
M icrasterias arcuatus, Actinocyclus normanni (moderate numbers), Bacillaria para-
doxa, Coscinodistus, Diatoma, Eunotia, many Surirella, Synedra, Actinella (moderate
numbers), spicula of sponges.

In the Commewijne a brackish water plankton was found with many broken
parts of Coscinodiscus; calanoid copepods, Actinocyclus normanni, Actinoptychus,
Coscinodiscus (moderate numbers), Surirella, spicula.

Thelower Suriname River was sampled regularly by vaN DER HEIDE (1965-1967).

2g. RIVULETS AND SMALL STREAMS (Tables 6 and IV-VI)

Most inlands parts of Suriname are slightly undulating, with
watersheds not more than a few hundred metres above the level of
the river.

Flat parts throughout the forest generally become sodden or flood-
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ed in wet weather. Such places are found especially in the lower parts
of the forest near the river. The small forest streams are fed either
from these flooded areas or by rivulets flowing from the higher
grounds. These rivulets are numerous. On the higher grounds they
are small with a swift current; near the river they are wider and
sluggish. As long as the rivulets and small streams are small, the
canopy above them remains closed often right down to the river.
When the canopy is broken, the water of the stream is exposed to
almost full sunlight. ,

The subsoil of the forest is composed of laterite and sand. It is
covered by a thin layer of topsoil and decaying leaves. The bottom
of the small streams is usually sandy and in the slower parts muddy.

As the rivulets feed the smaller streams and these in their turn
empty into the river, it is interesting to have some information on
the character of the water.

For this purpose a few rivulets, crossing the road to Brownsweg were ana-
lyzed in November (Tables IV and V). The rivulets generally show a lower pH,
a higher conductivity, a lower temperature and a lower oxygen content than the
Suriname River itself. The water was clear and here and there exposed to sunlight.
Just near the road, filamentous algae were found (Mougeotia, Spirogyra, Zygnema,
Batrachospernum). Between these many desmids and diatoms were found and also
many rotifers. Characteristic for this dark environment with decaying leaves is the
fungus imperfectus Ac#inospora. In stagnant places in these rivulets fish and tadpoles
were found.

The rivulets mentioned here feed the Compagnie Kreek and the Wedang Kreek,
which enter the Suriname River north of Afobaka. The water of these small streams
is also clear and the chemical analyses and the composition of the plankton did not
differ much from those of the rivulets. The small streams run slower, the water is
deeper and as a rule the conductivity is somewhat lower.

Two other small streams are found in the region of the future lake, South of
Kabel. The water was also clear, but on the day of inspection there was no current.
They were composed of isolated stagnant pools and probably only contain running
water after rains. The temperature of the water was as low as in the forest rivulets.
The Witte Kreek, however, showed a surprisingly high electric conductivity. The
samples were taken not far from the mouth of the stream where there may be some
influence of river water. This is confirmed by examination of the plankton. Many
species from the river were found: iron bacteria (Leptothrix?), Cercariae and
Actinospora and in some parts of the other stream Spongilia, Plumatella and
Rhipidodendron huxleyi.

The Kassie Kreek near Pokigron was also nearly dry. In a pool filled with
clear water a low electric conductivity was found. This stream drains into the
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Suriname River during wet weather and is located just south of the future bank of
the lake. An isopod collected here looked similar to Livoneca symmelrica.

Finally, the Macambi Kreek, located east of Brownsweg, runs southward
into the lake basin. The conductivity and the pH are higher than in the other
rivulets and streams and Characeae were found. The water is clear and it is used as a
water supply for the military camp of Brownsweg.

' Summarizing, we may say that in the lake region all rivulets and
small streams contained clear water. The mineral content was vari-
able on account of variations in the subsoil. Black Waters are not
found in this area.

The Black Watertype is nevertheless found in Suriname. The
Suriname River itself has a tributary of this type. Such waters are
found downstream in the savanna region. The Carolina Kreek near
Zanderij, the Coropina Kreek near Republiek, and the Cola Kreek
near Zanderij are examples. The pH in these waters was found to be
very low (pH 3.3—4.0) generally, due to dissolved humic substances
which give the dark brown or black colour to the water. The plankton
did not differ much from other streams mentioned and a fair number
of aquatic insects (Ranatra, Belostoma), fishes and several young
crabs (Trichodactylus) were found. The presence of so many fish and
even crabs and freshwater shrimps in this very acid and soft water is
rather surprising. In acid waters in temperate climates fish and larger
crustaceans are absent. It would be interesting to know more about
the ecology of the organisms present.

In one of the larger Black Water streams, the Coropina
Kreek, a low pH was found (Table 6), and the conductivity was
relatively high.

Organisms found were: Alonella dadayi, Pleuroxus, Scapholeberis mucronata,
Cyclops, Arcella, Rhipidodrendron huxleyi, Dinobryon, Lecane, Desmidium elegans,
Cosmarium, Hyalotheca indica (abundant), Spirogyra, Diatoma, Synedra?, and
chironomids. On the floating leaves of Nymphaea, only the snail Acroloxus lacusiris
was found. In several places beds of Marsilia quadrifolia, Salvinia, Elodea and
Eichhornia had developed.

At the Coropina Kreek station a large flooded area was found; depth about 0.5 m.
It had an open connection with the stream and was probably only flooded during the
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wet season, as the submerged vegetation of grasses (Lolium) suggested. The water
showed a pH of 5.7 and a conductivity of 28 uS. The uS and pH values are different
from those found in the Coropina (Tables 6 and 7). The water was also very clear.
The opinion seems justified that Black Waters such as the Coropina receive their
water mainly from podsols in the savanna. Very few organisms are found in the
swamp. The plankton contained: Alonella, Diaphanosoma, Arcella, Dinobryon
(numerous), Mougeotia, Euastrum, Hyalotheca, Stauvastrum, and Pristina longiseta.

During two visits to the upper reaches of the Suriname River a few rivulets and
small streams, south of the future lake region, were sampled.

The Sipari Kreek near Aurora was flowing slowly, in contrast to the Anjanwoyo
Kreek near Botopassie, which had a fast current and turbid brown water. The Anjan-
woyo Kreek had a higher conductivity than the Suriname river, but the Sipari Kreek
showed hardly any difference (Table 6). Near Ligolio two rivulets with clear water
had nearly the same conductivity and pH as the Gran Rio. The temperature was
somewhat lower, the water being shaded by trees. The current was fairly slow.

In arivulet near Assidonhoppo a higher conductivity was found than in the Pikien
Rio. The composition of the plankton did not differ much from that found in the
other rivers in this region.

The few observations show, that there is some variation in conductivity in the
various streams and rivulets. Generally the conductivity of rivulets and streams is
somewhat higher than that of rivers.



3. - STAGNANT WATERS
(Tables 7 and VII-VIII)

Stagnant waters such as swamps are rare in the interior of Suri-
name, they are difficult to reach because of their isolated situation.

In the region of Afobaka there were several ponds, recently con-
structed during the building of dams and roads. These ponds con-
tained no aquatic macrophytes, the bottom was muddy and many
dead trees were standing in the water, The trees had died as a result
of permanent immersion in water that was no more than 1 or 2m
deep. Many trees along the river are completely covered by water
during floods for weeks on end and do not seem to be damaged.
Anaerobic conditions caused by reduction processes in the mud
might explain the eventual death of the trees during permanent
immersion. :

In a few ponds some vegetation of grasses was found, especially
when they were situated in open spaces. Probably they were original-
ly natural swamps. In the forest pools or swamps no vegetation was
developed because of lack of light. :

The water in the ponds and swamps was turbid and its colour was
yellow, grey or green. Most of the pools contained clear water, but
during heavy rains the pools along the roads might be coloured red
by washed-in laterite soil. In the tables the colour is indicated. The
grey or yellow colour is caused by suspended material of unknown
origin. A green colour implied the presence of many algae.

The temperature of the water was higher than in the river. In sun-
exposed swamps temperatures up to 34°C were recorded. This high
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temperature was also found at the surface of the part of the river
that was dammed. Fluctuations of the daily temperature were not
recorded, but we might expect similar fluctuations as were found in
the river after damming.

The oxygen content was nearly always low. Large fluctuations
during the day may occur, but this phenomenon has not been studied
further. In a pool without vegetation at the base of a dam, the water
was nearly saturated and in two other cases fairly high values were
found. This, however, is not the normal picture. In these shallow
waters containing large quantities of organic material a low oxygen
content might be expected.

A list of the plankton found, is given in Tables VII and VIII

Especially in the turbid swamps and ponds unicellar flagellates were abundant,
e.g. Euglena and Trachelomonas. In the sun-exposed grass swamps the flagellates
were less numerous and green algae, such as Pediastrum duplex, Coelastrum cambri-
cum and Desmids such as Micrasterias brasiliensis predominated. Brighter light
conditions determine the character of the biocommunity here.

In these shallow ponds, swamps and pools the conductivity was higher than in the
river and the small streams. In some pools located just at the base of dams in which
no vegetation was present, a red clay bottom was visible and very high values were
found (100-210 uS, see Table 7). When, however, this red clay was agitated in a jar
together with rainwater, such a high conductivity was not found. Therefore, the
enrichment of the water of these pools with minerals must have another origin. As
rainwater has a very low conductivity (7 uS) the source may be seepage or a well.
In Table 6 such a well is recorded. Here iron is the cause of a high conductivity.

In comparison the conductivity of the Suriname River is low, but after impound-
ment of the river the conductivity increased to values comparable to those of the
shallow ponds and swamps in September 1964, especially near the bottom of the lake.

There is a remarkable difference between the pH of the ponds and
swamps and the impounded lake. In the latter the pH dropped from
about 6.5 to 5.5 after the stagnation. In the ponds and swamps the
pH remained about the same as in the running water of the Suriname
River. In Guyana, CARTER (1934) found pH as low as 4.4-4.5 in
grass swamps and forest pools that never dry up. In this case the
water was coloured black or brown and the high acidity was caused
by humic acids. The pools and swamps at Afobaka mentioned above,
are not permanent and the water is not coloured by humic acids. As
aresult the pH is higher. In this connection it is understandable that
the clear pools at the base of the dam which have a high conductivity
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also have a relatively high pH as no humic acids or decaying organic
matter is present. In another chapter we shall see that the water of
the impounded lake is coloured brownish by decaying material of
the drowned forest. The humic substances in this case may cause a
low pH of the lake.

In all probability most of the ponds and swamps mentioned had
developed recently. This short period of time may be the reason
why no humic substances are present yet. In Table 7 a few older
swamps are included; their pH was lower (5.1, 5.7).

The swamp at Pokigron is an old branch of the Suriname River. This stagnant
water has a low conductivity and many waterplants such as Eichhornia crassipes,
Limnanth , L valdiviana and Utricularia are present. The presence of vege-
tation indicates that this body of water is more permanent, and older than the
swamps at Afobaka. The amount of decaying organic matter derived from the
vegetation is larger. More humic substances and COs are present and the pH will be
correspondingly lower.

Fish, shrimps and crabs could be found in all the swamps mentioned. Most of the
smallerfish species were surface dwellers. The larger species lived at the bottom and
came to the surface of the shallow water in order to replenish their supply of oxygen
by intestinal respiration.



4. BROKOPONDO LAKE REGION

4a. DAILY OBSERVATIONS BEFORE AND AFTER THE CLOSING OF THE
DpAM (Figs. 7-9; Tables 8-9)

In tropical countries climatological variations take place during
the day as they do in temperate parts of the world. Therefore tem-
perature, oxygen, pH and conductivity in the river were measured
in the course of a day. The first series of observations was made on
November 18, 1963 just near the bank. But work at the dam in-
fluenced the results, especially the values for conductivity. So the
sampling station was moved to the middle of the river on December
6. Samples were taken at the surface and at a depth of 4 m. Consider-
able daily fluctuations were found at the surface. But at a depth of
4 m these fluctuations were less pronounced. These observations
were followed by a vertical series of samples in the morning and in
the afternoon at a depth of 0, 1.5, 2.5, 4.5 and 6.5 m. In May, June
and July when the water had been impounded for a considerable
period these observations were repeated not twice but three times
a day. .

BEFORE THE CLOSING OF THE DaAM (Figs. 7-8)

Daily observations took place from January 14-23, during the
first days the waterlevel dropped. In the afternoon the temperature
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was higher than in the morning at all depths. Difference in the
temperature may be about 1.5°C, depending on the weather. As the
influence of radiation decreases from top to bottom, the temperature
decreases also. This effect is the same in the afternoon and the
morning. The electric conductivity shows the opposite tendency. It
increases with depth and the difference between morning and after-
noon is not very great. Vertically the pH hardly varied but there
was a difference between morning and afternoon. Oxygen finally
gave a rather unexpected picture. The water was nearly saturated
at all depths but the highest values were often found during the
morning. This effect is seldom found in river water and is not easy
to explain. In eutrophic rivers the oxygen content normally increases
during the day by increasing assimilation, and decreases during the
night (SCHMASSMANN 1951).

The Suriname River, however, is oligotrophic. Waterplants are
absent, except for some Podostemaceae in the rapids. Oxygen
productivity by the small amount of phytoplankton present is negli-
gible and oxygen consumption is also very low. The sandy or rocky
bottom is clean. Apparently, abiotic factors to a large extent control
the oxygen content of the water. ‘

On careful examination of Fig. 7 it appears that at a depth of
2.5 m and more the variation in morning and afternoon temperatures
was much less than above this layer, especially during warm weather
in the dry period when the water was shallow and slow-running.
Oxygen, however, showed the greatest variation below 1.5 m. If the
averages of morning and afternoon temperatures, oxygen content,
conductivity and pH are taken, the picture given in Fig. 8 appears.
This leads to the following hypothesis.

The temperature curve shows that the warming up of the water
during daytime is restricted to the upper layer of 2.5 m. This is the
effect of direct absorption of radiation which is always restricted to
this top layer. Under tropical circumstances the rays of the sun
reach the water at an almost vertical angle in the middle of the day
and reflection is minimal. When the temperature rises the density
decreases progressively. A few degrees already constitute a great
difference in density in tropical waters. During the day the warmer
and lighter water remains at the surface and resists the mixing



35

efforts of weak horizontal currents. The warm layer of water on top
prevents exchange with the water below the 1.5 m mark. During
the night the surface water cools and sinks down. These vertical
movements often fail to mix the water completely with the possible
result that early in the morning more oxygen is found in the deeper
and colder layers. Further examination of Fig. 7 shows that pH and
conductivity are also controlled by the same mechanism which has
its critical depth at 1.5 m.

Absorbed radiation does not result in the formation of a proper
stable thermocline. In the morning the temperature becomes uniform
and there is no thermal stratification at all and in the afternoon the
temperature increases above a certain depth. This effect was even
more pronounced after the dam was closed and the water had been
stagnant during a prolonged period.

Stable thermoclines are formed in some tropical rivers. BRAUN
(1952) has found a thermocline in the deep slow moving water of the
Rio Tapajoz. In the Suriname River the author found a stable
thermocline during a period of several days under high water con-
ditions (see Fig. 7).

AFTER THE CLOSING OF THE DAM (Fig. 9; Tables 8-9)

The observations in the morning and in the afternoon were re-
peated after the dam was closed, on February 2, 3, 4 and 5. The river
became stagnant and the waterlevel rose swiftly. Oversaturation
with oxygen was then often recorded from top to bottom. In the
afternoon the temperature decreased from the surface downwards
but in the morning temperature and also conductivity and pH were
always uniform.

The most important phenomenon during this period is the over-
saturation with oxygen. However, it does not reach the high level
that is found in eutrophic water with plenty of algae such as Lake
Volta (EWER 1966). The observation on February 5 shows maxima
at various depths resulting from the diurnal cycles. Here the same
mechanism may be at work as described previously with the only
difference that as soon as the water became stagnant, the few



36

reductive substances sedimented. As a result oxygen was not con-
sumed anymore in the deeper layers and oversaturation resulted
(see also SCHMASSMANN 1955, MORTIMER 1956, and LINDROTH 1957).

In May, June and July when the water in the lake had been stag-
nant for a long time and a rich plankton community had developed,
the drop in temperature and oxygen at a depth of 1.5 and 2.5 m
became even more pronounced (see Fig. 9). Thermoclines exist only
temporarily. Oxygen is absent below 2.5-3.5 m. As in the river, the
effect of radiation is restricted to the upper layers. Penetration of
light is also limited by the dark colour of the water and as a result
the temperature drops sharply.

Wind and horizontal currents have no mixing effect. At Kabel
where the effect of the wind is greater, the decline in temperature
and oxygen is less pronounced and reaches deeper layers.

BrauN (1952) found thermoclines in shallow lakes in the Amazon
region also at 2-3 m. He did not check the diurnal cycle but instabi-
lity is suggested by the fact that he did not find thermoclines on
several occasions. RUTTNER (1962) found thermoclines at a consider-
able depth in deep lakes in Indonesia and emphasizes the stability.
In some lakes in tropical Africa no thermoclines are developed at all
(Damas 1939, WORTHINGTON 1930).

CARTER (1934) observed temperature inversions in the shallow
swamps of Guyana and vertical mixing. The present author also
observed inversions and mixing at least of the superficial layers.

The upper 2 or 3m of the water are strongly influenced by
weather conditions. However, the cooling and warming up of this
water does not result in the formation of a stable thermocline. The
vertical mixing forces are not sufficiently strong. Sometimes the
weather conditions may cause a drop in the temperature late in the
afternoon. This happened on May 23 and 25, when heavy rains
started in the afternoon and lasted until the evening. Oxygen content
dropped in a parallel manner to the temperature.

Generally speaking the amplitude of temperatures in May, June
and July is greater than in January and February. But below 4.5 m
the variations are equal or even smaller. The same applies to oxygen
conditions. In the upper layers of the water the greatest diurnal
variations in temperature and oxygen content are found.
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The plankton community changes to resemble the community
found in shallow swamps. The higher temperatures may favour the
development of green organisms that produce oxygen. The BOD
values also rise and during the night oxygen content will soon be
exhausted. Oxygen content is always higher in the afternoon in
contrast to the situation in the river.

On July 16 and 21 the pH was somewhat lower in the morning
than in the afternoon and this observation was made quite often on
other occasions. This happened throughout the watercolumn while
oxygen and temperature underwent changes only near the surface.
It should be caused therefore by chemical processes going on at all
depths. The changes in conductivity should sustain this theory. The
observations on July 20 illustrate the changes in electric conductivi-
ty. On this day and on several other occasions (see Figs. 7 and 9) a
significant increase in conductivity was found at a depth of 2.5 m
at 10.00h. In the aftermoon at 14.30 this increase was found at
4.5 m and late in the afternoon it had disappeared. Near the surface
during the night decomposition of organic material will increase the
mineral content, but during the day the minerals might have been
taken up by growing plants and algae. Decomposing organic material
will sink down in the course of the day enriching with decomposition
products the layers it passes through.

In tropical waters the decomposition of organic material is rapid
and in deeper water the organic matter is mineralized before reach-
ing the bottom. Depending on the weather a pulse of dissolved
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minerals travels downwards apparently during the hours at which
assimilation takes place.

In order to get more information on the causes of the changes in the conductivity,
water samples taken on July 20 at 10.00 h. were placed in the dark and checked
after a few days.

Table 8 shows that values are fairly constant. Apparently all organic matter has
been mineralized. After the first day the conductivity at every depth decreased a
little. If these slight changes in conductivity are significant at all, it may be because
the organisms present take up a certain amount of the minerals. This experiment was
repeated on June 16. This time bottles were filled with water from various places
with varying amounts of plankton.

Table 9 shows that, except for a decrease in conductivity after the first day, no
important changes were found even after several weeks. The bottles contained
different amounts of plankton including many crustaceans (Cyclops, Diaphanosoma),
which were still living at the end of the experiment. Concentrations of filamentous
algae (Spivogyra, Mougeotia) when kept in an aquarium died within a day. Therefore
a bottle with a fair amount of the algae was placed in the dark, and a rapid increase
of conductivity resulted. Decomposition was very fast and a strong smell of HyS
was noticed. In the lake a great many filamentous algae developed in quiet places
during the dry season; they died in the rainy period and thus increased the mineral
content of the water.

This decomposition may occur locally and the effect may vary greatly from one
day to another. Large concentrations of filamentous algae were found at a certain
depth one day near Koffiekamp for example. Because of lack of light these algae died
and decayed, increasing the concentration of minerals, but only at a certain depth.
Also the death of a bloom of plankton organisms may produce a temporary and local
increase in conductivity (see Fig. 9). On the other hand an important source of or-
ganic substances is formed by material derived from the dying and decaying forest.

4b. WEEKLY OBSERVATIONS

The Suriname Aluminium Company (Suralco) was kind enough
to let me have the results of their daily check of the rainfall and the
level of the river. These data are plotted in Figures 10 and 30.

The total annual rainfall at Afobaka varies from 2000 to 3000 mm ;
May and June are normally wet, September, October and November
are dry. In 1964, however, the weather was exceptionally dry in
April and May. Extensive bushfires swept the swamps and the coast-
al woods of Surinam.

The river levels are expressed in NSP (New Surinam Level =
average sea level). The rise of the water level after the closing of the
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dam and after a period of rainfall in December in the river can be
seen in Fig. 10.

Station 1. Afobaka (Figs. 10-11; Table IX)

In Fig. 10 the weekly observations of temperature, conductivity,
pH and transparency of the surface are given.

Plankton was sampled by means of a plankton net drawn through
the water (Table IX).

From November 1963 until February 1, 1964 it was still possible
to collect data in the original Suriname River at Afobaka. The
sampling station was situated in the middle of the river about 300 m
upstream of the dam. In the dry season the river was about 150 m
wide, 4 to 5 m deep and the current was slow.

In the wet season the river is much wider, the banks are covered
with water and large areas bordering the forest are flooded. The
water level rises more than 5m. As a result low trees disappear
completely during a certain period. The trees stand this temporary
drowning without harm. Trees growing on a higher level were less
adapted to floods than trees bordering the rivers and streams. After
the closing of the dam the adapted trees for a long time formed a
green belt though the inner forest was already leafless and dead.

Immediately after the dam was closed the water rose 5 m in the
first week, 3 m in the second and 1 m in the third. The river flooded
the bordering forest and this caused the rate of rise to level off. In
the week before March 25 heavy rainfall caused a swift rise of the
water level and at the end of May with the start of the main rainy
season the level kept rising fast for a prolonged period.

Before the dam was closed the river water was nearly saturated

with oxygen. At the end of the first week after the closing of the
dam oversaturation was recorded, the amount of plankton was small
and the degree of oversaturation was not great. Oxygen production
by phytoplankton could not be detected in tests. Sedimentation of
reductive substances during this period lowered the BOD and as a
result more oxygen remained. The actual cause of this oversaturation
must be abiogenic.
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After the first week of stagnation a steep drop in oxygen content
took place: on February 17 no oxygen was found near the bottom
and 5 mg/l at the surface. The lowest value of 1 mg/l at the surface
was reached on March 18.

As a result of this rapid exhaustion of oxygen caused by the con-
siderable amounts of decaying material from the forest, the entire
biocommunity of the river was affected.

The first dying fish were found on February 28 and many small fish were seen
swimming in the middle of the water close to the surface. As H3S developed also at
this time the fish became very uneasy and tried to find better conditions elsewhere.
Crustaceans such as larger shrimps and crabs were seen concentrating near the bank
in shallow water. A phytoplankton bloom of green colonies of Eudorina elegans
appeared together with many Cyclops and Diaphanosoma brachyurum. The samples
turned into a thick green soup. The colour of the water in the river changed from
light turbidbrown into transparent dark green. According to measurements with
the Secchi-disc the transparency increased slightly.

From February 28 dead fish could be found nearly everyday near the dam. Speci-
mens were collected by dr. M. BoEseMaN. There were also dead fish among the trees
of the drowned forest. The total amount of dead fish was not great, however.

On March 11 the bloom of Eudorina vanished and at the same time many fish
appeared at the surface, gasping for air. There was also more rain than before. On
March 12 many more fish came up, mainly catfish, many hundreds of them with
their beards protruding above the water. They disappeared in the morning and
were never seen again. Later in August and September large catches of fish were made
in the small tributaries of the river upstream. Apparently many fish had been able to
escape the anaerobic water. One species of catfish, however, Plecostomus sp., which
lives exclusively in the swift current of rapids stuck to the rocks, died because it
depends on a special habitat. It was the only species which was regularly seen floating
dead near the former rapids and falls. In the dry period from April to May no dead
fish were seen but on May 14 after heavy rainfall announcing the wet season, again
several large fish were found dead. Probably these specimens came from refuges in
the upper water layers. After heavy rain fish generally come up to the surface
because the lowering of the watertemperature brings anaerobic deep water to the
surface. Observations during and after heavy showers failed to bear out these indi-
cations, however.

The period of rapid oxygen exhaustion, changing transparency,
bloom of Eudorina elegans, decrease of temperature, increase of
organic matter and minerals is defined as the transition or meta-
trophic period (Chapter 4d). The temperature dropped gradually to
28°C. The decrease was partly due to increasing depth, partly to
cooler water coming from the drowning forest mixing in. The water
under the canopy of leaves and branches was about 2°C colder than
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that of the river. Because of the large amounts of decaying material
from the forest, the conductivity increased. The pH dropped to 5.5,
and the presence of HsS was established by smell.

During the transition period the plankton community changed.
Certain components of the original river plankton increased, as
Eudorina elegans and zooplankton, others disappeared, like Eunotia
asterionelloides. The latter may have disappeared through sediment-
ation when the water became stagnant. Several other species with a
relatively high specific weight also sank to the bottom. In this
transition period those elements of the river plankton which normal-
ly react favourably to disturbances are most likely to increase in
numbers, e.g. Eudorina elegans. In the river it appears at the begin-
ning and at the end of the rainy period when the water is disturbed
and there is a temporary increase in organic matter. This temporary
increase of Eudorina has already been mentioned at Pokigron. It
always appears in the metatrophic zone. Near Afobaka it multiplied
in the transition period, but when the stagnation became permanent
the process of biological selfpurification failed and Eudorina dis-
appeared. The metatrophic zone moved from Afobaka to the south
and the green “wave’’ of Eudorina moved in the same direction. This
zone could easily be followed thanks to the typical green colour.

After the transition period the oxygen content in the surface layers
was re-established. A new plankton community was formed com-
posed of flagellates, rotifers and cladocerans. From March 18-25
heavy rains raised the waterlevel.

This rise of water level was accompanied by a rise in temperature,
a drop in conductivity and fluctuations in pH at all levels. The
transparency increased temporarily and river plankton with species
such as Eunotia asterionelloides appeared from the south. The hori-
zontal transport of river plankton proves that the water of the lake
is influenced mainly by the river. Influence of rainwater must be less
important as at this time the total surface of the forming lake was
not very great. Some effect of dilution by rainwater may be con-
cluded from the low temperature on March 11. However, it affects
the surface and the 1.5 m layer only while it causes some decrease
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in conductivity also, but the causes of the events are difficult to
analyze without detailed observations of watercurrents.

The effect of the short rainy period did not last long, as was shown
by the rapid decrease of Eunotia and Eudorina.

In the period from March 25 until April 22, an increase of flagel-
lates, Dictyosphaerium pulchellum, desmids and Cyclops was accom-
panied by arisein oxygen content, temperature and conductivity. The
plankton was present only in the top layers down to 3 or 4 m where
oxygen was present. Colonies of the rotifer Sinantherina spinosa
were characteristic of this plankton, showing up everywhere as white
spheres. This species develops well at low oxygen values. Chloro-
phyceae and desmids benefitted from the fact that more light pene-
trated the surface of the water as many trees drowned and the
open water area became enlarged.

From the beginning of April until the end of May the weather was
dry. The water was no longer disturbed or influenced by rain as was
demonstrated by the constantly low transparency and the gradual
increase in conductivity. The temperature, however, was decreasing.
This was unexpected and is still unexplained, as there was more
sunshine. Daily fluctuations reached a maximum.

On the whole the oxygen content was.lower than in the former
river. The surface layers showed great variations in oxygen contents
from week to week, from day to day, and even from hour to hour;
the oxygen closely followed the fluctuations in temperature. In the
plankton community a sudden drop in numbers of crustaceans,
desmids and Dictyosphaerium was noticed but the flagellates, espe-
cially Trachelomonas and Strombomonas ensifera remained abundant.

At the end of this dry period a brown, flocky detritus appeared in
the surface layers containing many iron bacteria. The biocommunity
was very much like the one found in saprobic water. In the forming
lake the amount of decaying organic matter originating from the
dying forest had increased to such a degree that exhaustion of the
oxygen content was permanent except for the surface layers where
numerous unicellular tlagellates produced oxygen. Swamps with
dead trees near Afobaka showed a comparable biocommunity. The
plankton in the lake developed mainly in 3-4 m of surface water
and may be described as swamp plankton. The greater part of the
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lake will become shallow and swampy; most dead trees will remain
for years. The swamp plankton, found in the open water of the lake,
will eventually be completed with tychoplankters and invertebrates.

The first disturbance in the dry period occurred in the night of
May 13-14. Dead fish were found near the dam in the morning.

The week before May 27 the water level began to rise more rapidly,
marking the beginning of the long wet season. After a sudden period
of rain in the week of June 3 the water level rose less quickly but
steadily. The transparency increased slightly as it always does after
a rise of the water level. The conductivity dropped to lower values.
The temperature increased irregularly and in July and August
temperatures as high as 34°C were recorded. .

During this wet period the temperature in the deeper water re-
mained unaffected. Warming up was restricted to the surface. Oxy-
gen on the average increased slowly and to some extent followed the
fluctuations of the temperature. Compared to the previous dry period
the fluctuations in oxygen content were smaller even in the daily
observations.

This apparently favoured the development of crustaceans, for Bosmina, Cerio-
daphnia cornuta, Cyclops, Diaphanosoma brachyurum and Diaptomus and also rotifers
as Ascomorpha saltans, Asplanchna, Conochiloides coenobasis, Polyarthra appeared
in great numbers. Most of these organisms showed a pronounced vertical migration
in the surface layers, especially Ascomorpha and Conochiloides. It seemed that the
flagellates were somewhat less numerous, at least until July 3-7 and this might also
be true for Dictyosphaerium and Closterium.

Some typical elements in the plankton of this period deserve more detailed atten-
tion. As previously mentioned for the normal river, Ewdorina elegans together with
Diaphanosoma increased in numbers shortly after the beginning of the rainy period.
Here we observed this phenomenon again. Eudorina elegans after a maximum
development on June 10 disappeared from the plankton whereas Diaphanosoma
remained approximately at the same level. For crustaceans the circumstances
appeared to be favourable. They will probably disappear again in the dry period.
This might be sustained by the fact that numbers were decreasing at the end of
August.

A few species in the plankton of the open water, present in small numbers, origi-
nated from plankton that developed in the drowned forest regions of the lake. An
increasing number of dead leafless trees were observed in the Afobaka region about
May 27. Larger areas of the water surface were exposed to sunlight resulting in a
greater development of filamentous algae (Spirogyra, Mougeotia). Amongst these
algae bottom dwelling organisms were found like the crustaceans Cyclestheria
hislopi, Euryalona occidentalis, Iliocryptus and oligochaetes like Aeolosoma, Aulo-
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phorus and Dero. Shallow water forms also may be found, like Daphnia sp. which
appeared at Afobaka in July for the first time.

During July and August the area of the lake increased steadily.
The distance from the Afobaka sampling station to the inflow of the
river into the lake increased accordingly, finishing the influence of
the river plankton on the plankton community at Afobaka. On June
1, brown turbid water from the river resulting from heavy rains
reached as far as 5 km south of Afobaka. The colour of the water
at Afobaka, however, remained dark and no influence of the river
water was observed.

From June 1 onwards the situation at Afobaka was only influen-
ced by rainwater and water from forest areas. Much depends on
action of the wind even at low velocities.

The plankton became more and more autochthonous and typical
for the lake. This was illustrated by the development of many
Chlorophyceae such as Dictyosphaerium, unidentified conglomerates
of green cells, Melosira, Crustacea and Rotatoria. Further observa-
tions will be required before an opinion can be formed about the
stability of the plankton community.

It was interesting that the rotifer Sinantherina spinosa appeared
in the plankton until July 22 apparently living in zones with a low
oxygen content. During this period thousands of turbellarian worms
(Catenula lemnae) were found in the water layer just above and below
the oxygen limit. In this lake community, the diatom Melosira
granulata was apparently replacing Eunotia.

Station 2. Kabel (Figs. 12-13; Table X)

Kabel is located about 12.5 km south of Afobaka where the rail-
road from Onverwacht via Kwakoegron and Brownsweg ends. In
the former village there was a hospital which has been moved to the
village of Brownsweg. With a corial, equipped with an outboard
motor the distance could be covered in about half an hour, after the
water level had risen. In the normal river it used to take several
hours to reach Kabel especially in dry periods when the water was
shallow. Rapids and hidden rocks considerably impeded the progress
of the corials.
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The sampling station was located in the middle of the river just
downstream from the northern point of Kapasi island where two
branches of the Surinam river join. The samples were taken on the
same day and at nearly the same hour as at Afobaka. After the dam
at Afobaka had been closed it took some time before the water be-
came stagnant at Kabel. The effect of the stagnation was not quite
as sudden as at Afobaka. As the station was located at the junction
of two river branches, a more complicated succession of events was
recorded.

At the time of the first samplings on February 12 the depth of
the river was about 5 m and the current was slow. On February 19
the river was nearly stagnant. The water became saturated and even
oversaturated with oxygen during three weeks. From March 25
until May 13 the oxygen content of the surface water decreased
gradually. The first anaerobic situation appeared near the bottom
in the week preceding April 8. Dead fish were not observed near the
station. ,

The transition period at Kabel from March 25 until May 13

covers a dry season. During the following period from May 14 until
August 12 re-stabilization with a higher oxygen content occurred
in the superficial layers. It was retarded and interrupted by a period
of rain, which affected all waterlayers. As a result the oxygen content
was raised rather suddenly (May 27), probably by horizontal currents
originating from upstream river water. The period from May 27
until July 1 represents a second transition period, this time at once
followed by a period of re-stabilization.
- When considering temperature we found that in the first weeks
recordings were comparable to values found at Afobaka before the
stagnation. Until April 1 we see an increase in temperature in all
water layers. Then with the water level rising rapidly, a decrease in
temperature occurred during two weeks, followed again by an in-
crease affecting the superficial water layers only. The changes in
temperature can be related with periods of stagnation and periods
of total mixing of the water layers resulting from the seasonal
changes. :

The conductivity was generally lower than at Afobaka. The grad-
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ual increase from February 19 until March 11 was only recorded in
the surface layer and coincides with very high oxygen values. The
rainy season again caused a dilution. The variations in the values on
the whole were not so great as at Afobaka and during August the
conductivity was remarkably constant.

As at Afobaka the pH dropped to 5.5 right at the beginning of the
period of transition.-

The transparency of the surface layers 1ncreased (sedimentation),
but decreased when the transition period began (plankton develop-
ment). A steep but shortlived decrease and increase was found when
the wet season started and the water level rose quickly (May 20-27).
Finally the values were equal to those found at Afobaka in the first
weeks of September. In general the transparency was higher than at
Afobaka which might be due to the larger water volume at the
sampling station and a difference in the development of plankton.

Observations of plankton may help to distinguish between season-
al changes.

The increase of crustaceans in the plankton began several weeks after the stag-
nation of the water (April 8 and February 19 resp.) and was accompanied with the
appearance of many flagellates. This period lasted from April 8 until May 27 when
the rainy season started. The species were the same as at Afobaka with Bosmina,
Ceriodaphnia, Cyclops, Diaphanosoma brachyurum, Moina micrura, Eudorina elegans,
Euglena, Peridinium, Strombomonas ensifera, Trachelomonas spp. Unspecified uni-
cellular flagellates appeared.also.

It seems that the crustaceans found favourable conditions some weeks after the
stagnation of the water, when the permanent oxygen-free zone had stabilized
(April 8-May 27). If we look more closely at the relative abundance we find large
numbers of Eudorina and Bosmina showing some increase from April 1-29. This was
also observed at Afobaka in the transition period though here Diapharosoma and not
Bosmina appeared together with Eudorina.

The biocommunity disappeared in the period from May 27 until about July 1. In
this period of heavy rain strong currents disturbed the total water volume. The
crustaceans reappeared first, on July 1, but the flagellates were not observed until
August 12. The period with a permanent oxygen-free zone began on July 1 and it
probably took some time before the motile flagellates developed.

In the weeks from July 29 until August 26 Eudorina elegans developed strongly.
Eunotia, Rhizosolenia, Melosira, desmids and Protozoa developed also. Many ele-
ments of the plankton community from upriver were evidently transported by hori-
zontal currents during the previous period of rain. Later on the species Melosira
granulata, Dictyosphaerium, several flagellates and crustaceans, and the rotifer
Conochiloides coenobasis remained part of the plankton community appearing
regularly and sometimes in large numbers. This biocommunity is almost similar to
that of Afobaka.
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Several plankton organisms originated from the drowned forest habitat. At
Afobaka they were found in the open water especially in July and August. Cyclestheria
hislopi, Euryalona occidentalis and Iliocrypius already have been mentioned. At
Kabel we found Alomella, Chydorus, Moinodaphnia in addition. Of the rotifers
Sinantherina and Filinia longiseta were mentioned. Filamentous algae (Spirogyra,
Mougeotia) were found regularly and also threads of Hyalotheca and other desmids
like Cosmocladium, Micrasterias avcuata and Micrasterias radiata f.brasiliensis.

At the end of August colonies of Rhipidodendron huxleyi could often be found.
This organism appeared during the rainy season in the river, probably transported
from tributaries (see Pokigron). Its appearance at Kabel indicates that what happen-
ed upstream influenced the situation at Kabel. In this connection the diluting effect
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of rains during July and August is understandable. It resulted in a low conductivity
during July and August at Kabel, thus favouring the development of a special
plankton community found in that period. The decrease of plankton in the period
from May 27 until about July 1, bowever, was caused by currents and not primarily
by dilution. :

Other organisms which were typical of the running river disappeared when the
water became stagnant. At Kabel these were ephemerids from rapids and bottom,
eggs of dragonflies, pieces of Podostemaceae, veliger larvae and also spiculae of
sponges. ‘

Station 5. Beerdotti (Figs. 12-13; Table XI)

The sampling station was located south of the little bush negro
village of Beerdotti; roughly in the centre of the future lake at about
12.5 km from Kabel. Sampling started on June 17 some time after
the water became stagnant. The water level rose about 7 m. During
the weeks before July 22 and August 19 the rise was fast.

, The temperature was several degrees lower than at Afobaka and
about equal to the values at Kabel. After August 19 the tempera-
ture dropped, whereas at Kabel the temperature rose.

It should be mentioned that the trees near Beerdotti had not yet
died and were still green, while those near Kabel had been dead for
a long time. As a result near Kabel the sun could reach the water
better. Moreover the influence of colder river water from the south
was noticeable in the week before August 19. Finally, warming up
was restricted to a very thin layer at the surface probably because
at Beerdotti the water was more sheltered against wind. Total mixing
of the water layers was observed on July I resulting in uniform
conditions from top to bottom.

Sampling was started sometime after stagnation. The oxygen
value at the surface had already dropped. It gradually decreased
until August 5, when low oxygen values were found in a surface
layer of 2.5 m. This progress was interrupted only briefly on August
12.

The conductivity was lower than at Kabel and Afobaka. In the
week before July 22 especially, the deeper water layers were influ-
enced by the influx of cold, fresh water. Thereafter a gradual in-
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crease was recorded up to a level equal to that at Kabel and Afobaka.
The pH was about 5.5, temporarily decreasing in periods of rain.
The transparency of the water increased slowly from 1 to 2 m.
No heavy or continuous rains fell in July and August, and short
showers had little effect. The value found on the last day of observa-
tion, September 9, resembles those found at the other stations after
stabilization.

Plankton was practically absent during the period of observation, as the river
contained virtually pure rain water in these weeks. On September 9 Melosiva, Eudo-
rina and other organisms showed the first signs of development.

Station Sara (Figs. 10, 14-15; Table XIII)

This station was located in the former Sara Kreek, a tributary of
the Suriname River. It joined the river near Koffiekamp. The stream
meandered through overhanging trees and the current was sluggish.
Navigation was impeded by lack of depth. In dry times the depth in
many places was no more than 50 cm and several dead trees lay
across the stream. The sampling station Sara was chosen at a place
that could be reached within one hour during the dry period.

This station was interesting for several reasons. The stream differ-
ed in character from the Suriname River. The turbidity was high
and the colour brown owing to iron and detritus. The station was
located among trees, unlike stations on the Suriname River.

The samples at station Sara were taken on the same days as at
Afobaka, Kabel and Beerdotti, but in the morning. Sampling started
on the same date as at Afobaka. The observations in November,
December and January are therefore from the original stream. After
February 1, it took only two or three days until the water at Sara
became stagnant.

For comparison with the data found at Afobaka see Fig. 10. Flg 14
also shows values found near the bottom.

Sara Kreek before stagnation of the water

The results of the measurements in the original Sara Kreek indi-
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cate that the temperature was always some degrees lower than in
the Suriname River, caused by the shadow of the trees. The values
fluctuated between 25° and 28°C. These fluctuations were apparent-
ly more extreme than at Afobaka; they were more like those at
Pokigron. In that part of the Suriname River the situation came
closer to that in the Sara Kreek.

Oxygen content fluctuated between S mg/l and 7 mg/l, thus it
was somewhat lower than in the Suriname River. This may have
been caused by the sluggish current and the large amount of detritus.
The conductivity was high in comparison to the Suriname River.
The concentration of minerals was higher, as the stream was very
shallow. The rivulets gave the same picture (Chapter 2). When the
water level was high, dilution by rainwater became apparent through
a decrease of conductivity and temperature. The turbidity, as
measured with the Secchi disc, however, was not affected. This may
be due to the fact that the water level rose about 4 m in the narrow
stream bed, causing a considerable turbulence. Detritus from the
bottom was carried downstream and organic matter from drowned
parts of the forest was added.

As the volume of the water flowing in the Sara Kreek was smaller
than that in the Suriname River, in the Sara Kreek changes of the
waterlevel took place much faster. Except for the short period of
high water in December, the pH was always somewhat higher than
at Afobaka, because this water was better buffered. The alkalinity
and also the concentration of minerals was higher. We already
characterized the water of the Sara Kreek as a Turbid Brown (iron)
Water and microscopical examination showed iron bacteria (type
Lepiothrix). The iron content is higher than in the Suriname River.

The development of plankton in the Sara Kreek was poor and it differed from that
of the Suriname River. Ironbacteria, fungi imperfecti (4ctinospora), Euglena,
Trachelomonas caudata, Surivella, Synedra, Closterium, Rhizopoda and Rotifera are
found regularly. Also mosquito larvae, eggs of dragonflies, nematods, Cyclops,
statoblasts of Plumateila, cercaria and larvae of ephemerids. Rhipidodendron huxleyi
was found during high water and Oscillatoria threads were more numerous than in
the Suriname River. The plankton contained many bottom dwelling organisms,
which tallied with the slight of the water, and also elements from stagnant parts of
the stream. The influence of the slow current was apparent from the regular occur-
rence of Cyclops and motile flagellates. Most characteristic of the plankton, however,
were the iron bacteria, fungi imperfecti, Rhizopoda and filamentous blue algae. The
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fungi are interesting as they live in water with decaying organic matter and low light
intensity as was the case in the Sara Kreek. Many dead trees and masses of decaying
leaves were found along the banks and in the small rivulets in the wood.

The filamentous blue-green algae may respond to the same factors in the environ-
ment. They may have originated also from the roots of the waterfern Ceratopteris
pteridioides which was found floating in a swamp upstream and from other stagnant
pools. Iron and iron bacteria may have originated from water welling up from the
streambed. Wells with a high iron content were found in the dry riverbed near
Brokopondo in the Suriname River. It appeared, however, that these were more
frequent in the Sara Kreek region. Another tributary of the Suriname River, the
Grankreek, also showed high concentration of iron illustrated by the presence of
many iron bacteria. The elements of the plankton community characteristic of the
Sara Kreek and Grankreek were hardly ever found in the Suriname River.

Sara Kreek after stagnation of the water

After the closing of the dam we observed the same rise in water
level as at Afobaka, however, somewhat retarded because of the
distance (Fig. 10). The oxygen content dropped more sharply than
at Afobaka. This was caused by the more sheltered situation result-
ing in a more complete stagnation. The reduction processes were more
active in the water amongst the trees. These factors combined to
prevent a temporary oversaturation with oxygen just after stagna-
tion, as recorded at the stations Afobaka and Kabel. The paucity of
plankton in the Sara Kreek and especially the nearly complete lack
of green organisms must be taken into account too. After 5 weeks
the water at the station was completely anaerobic from top to
bottom. '

« The situation remained like that for about 4 weeks, until March 25,
after which date an increase of oxygen was found. At the same time
a great number of unicellar motile flagellates appeared at the surface.
The increase in oxygen remained limited to 1 mg/l and was restricted
to a very thin water layer at the surface. The same phenomenon
happened at that time at Afobaka. :

The lower oxygen content after the stagnation in the Sara Kreek,
when compared to Afobaka, was a result of a very severe stagnation
and a strong reduction. At the surface a thick brown film of iron
bacteria, mixed with tiny turbellarians (Microstomum) and proto-
zoans developed soon after the impoundment of the water. The film
covered the whole surface, especially in sheltered spots amongst
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trees. It disappeared in the rainy period when heavy showers disturb-
ed the surface. The colour of the water changed and, especially near
the bottom, a brown colour was found due to dissolved humic sub-
stances. A smell of HsS was sometimes noticeable. In the brown film
bubbles of gas appeared. The nature of this gas has not been analyzed
but it was supposed to be methane. A low pH is, as a rule, not
favourable for the growth of methane bacteria; the disturbance of
the environment, however, may have glven them a temporary chance
to develop.

In the week before April 15 oxygen decreased to O3mg/l A
change must have taken place in the water as most of the zoo-
plankton organisms disappeared and the transparency diminished.
After April 15 the oxygen content gradually increased again to
about 1 mg/l. At this period the rains ceased and the temporary
stationary situation probably stabilized the biocommunity. At the
beginning of the rainy season on May 20, the oxygen content dimi-
nished again, right down to zero on June 17. The rain must have
caused considerable disturbance. Oxygen was found near the surface
and this limited supply was exhausted very quickly after mixing
with anaerobic water. The plankton community was also affected.

As the level of the water rose steadily, the area of open water in-
creased when the trees gradually disappeared below the surface. The
conditions became similar to those found at Afobaka station and
finally June 17 the oxygen content reached values comparable to
those at Afobaka. The composition of plankton, the conductivity,
the transparency and the pH were also comparable to those at Afo-
baka, but the oxygen values and the temperature remained lower,
owing to the effect of a very dense vegetation at Sara.

After stagnation the temperature fluctuated around 26°C. In the
dry period it rose to 29°C and after that it was about 28°C. After
June 24 it increased to 29.5°C. In this last period the influence of
greater exposure to sunlight was apparent. The effect of the wind
from different directions increased, causing temporary variations.

The most spectular change concerns the conductivity. Within a
week after stagnation it dropped to the same level as at Afobaka,
Variations occurred approximately parallel to those at Afobaka
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though sometimes less abruptly. Transparency increased to a depth
of 3 m. This was deeper than at Afobaka and the reason for this
could be lack of movement of the water among the trees resulting in
a better sedimentation of suspended matter. The pH dropped to
approximately 5.5.

The plankton community of the flowing Sara Kreek has been described previously
(see also Table XIII). Soon after the stagnation bottom organisms disappeared, and
also fungi imperfecti, diatoms and typical species including Trachelomonas caudata.
The diatom Eunotia asterionelloides, seldom found in the Sara Kreek now appeared
in large numbers but only in the weeks of February 5 and 19. This was caused by a
swift rise of the water level with penetration of water and plankton from the
Suriname River. There was a temporary abundance of crustaceans and rotifers which
originated both from river plankton and from shallow parts of the stream. On
March 11 Eudorina elegans increased in numbers. This may be related to the tran-
sitional period as at Afobaka.

Three weeks after the dam was closed a dense growth of filamentous algae was
found attached to the green leaves of the still living trees under water. The Spirogyra
threads produced oxygen and large numbers of crustaceanslike Moina, Ceriodaphnia,
Diaptomus and Diaphanosoma were found swimming just around the algae. As
oxygen was lacking in open water and especially in deeper layers, it was the only
place were they could survive. Also young fish were attracted, both by the oxygen
and by the crustaceans. The leaves of the trees were covered by hundreds of muddy
tubes made by Oligochaeta (Dero, Aulophorus, Aeolosoma). Later on when the water
level had risen the sessile Spirogyra died from lack of light but new growth became
possible at a higher level. In the dry period of April and May free floating mats of
filamentous algae (Mougeotia, Spirogyra) were found producing a considerable
amount of oxygen (9.6 mg/l). Oxygen was absent in the water just underneath and
around this vegetation. Numerous bubbles of gaseous oxygen were formed and kept
the algae floating.

In some places in the former Sara Kreek duckweeds (Lemna valdiviana, Spirodela
biperforata) began to develop. When the duckweed started to cover the water com-
pletely the filamentous algae died of lack of light. The floating algae and duckweeds
were crowded with organisms from stagnant water. They probably originated from
forest pools which were isolated before the water level had risen, e.g. organisms like
Chydorus, Cyclestheria hislopi, larvae of ephemerids, dragonflies, Cyclops, Hydra,
Ostracoda, Hydrachnellae, mosquito larvae (Culex, Ceratopogon), Gastrotricha,
Bryozoa, Rotifera, Oligochaeta like Pristina longiseta, Turbellaria like Catenula
lemnae, Microstomum. They were also found in the open water, at least at the surface.

The plankton in the former Sara Kreek was restricted to the surface through lack
of oxygen. The superficial samples collected with a bucket therefore contained more
specimens than hauls with a plankton net. The table deals only with the results of
the net hauls.

At the end of March many flagellates developed and at the same time oxygen
content increased near the surface. The species collected were different from those
occurring in the former Sara Kreek. They were forms commonly found in stagnant
water. The total composition was very similar to that at Afobaka except for the
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filamentous blue algae, the crustaceans and rotifers. Of the rotifers only the colonies
of Sinantherina spinosa were numerous. They seem to do well in water low in oxygen
content. During the wet season in June and July the plankton was less abundant. In
July, however, Cyclops, Diaphanosoma, Diaptomus and Conochiloides coenobasis
increased in numbers. They preceded the development of large numbers of Chloro-
phyceae, desmids and Melosira. 1t is possible that the motile Crustacea and Rotifera
penetrated the Sara Kreek region more rapidly than the more passive phytoplankton
organisms, supposing at least that the plankton came from the Afobaka region where
the species were already established. The weak currents resulting from the filling up
of the lake moved in the general direction of the upper Sara region and might also
carry this plankton. The rate of reproduction of the plankton organisms also played
an important part in the rate of appearance at the station.

In September the depth of the water at Sara was about 25 m. The rise in the
water level followed the same pattern as at Afobaka and gradually the environmental
conditions in these two lake regions became very similar.

Station 3, Locus (Figs. 12, 14, 16; Table XII)

Station 3 was located at the junction of the Sara Kreek and Locus
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Kreek. Before the dam was closed the station could be reached by
boat in 3 hours. After the water level had risen, it took only one hour.
Sampling started on February 8. There was no current and the depth
had increased to 2 m. Data on oxygen, temperature, conductivity,
pH and transparency are given in Fig. 12, together with the data
from Kabel, where the water of the Suriname River stagnated at
roughly the same moment. :

A few days after stagnation, the oxygen content had dropped to

the low level of 2 mg/l. Dead fish were found on February 19, when
the oxygen content at the surface and the bottom was 1.5 and
0.5 mg/l respectively. By then the depth of the water had increased
to 6 m. As can be seen from the oxygen values found until July 1,
the exhaustion of the oxygen supply at Locus was even more com-
plete than at Sara. The Locus station was more isolated amongst
trees which stimulated reduction. A film of iron bacteria appeared at
the surface at this time. On February 22 Lemna valdiviana was
found spreading rapidly. The origin of this floating plant and of
other organisms from stagnant water living on it is unknown. Some-
where in the old river system there must have been a pool, swamp or
dead branch where a stagnant water community could develop.
. The complete absence of oxygen in the water from top to bottom
continued for 4 months. In this time organisms were only found in a
very thin layer at the surface. Just as at Sara filaments of green
algae developed. The Lemnaceae formed a cover over large areas of
the former Sara Kreek, but disappeared at the end of May when the
rains started. It was not quite clear whether the plants died or were
simply dispersed over a larger area between the trees.

Contrary to the sequence of events at Sara, the oxygen content did
not improve at the end of March. Flagellates, however, were present.
Only after July !, when depth and surface area became similar to
those at Sara (and Afobaka), the oxygen values increased, but they
remained at a lower level than at Sara. Probably there were more
reductive substances than at the other stations.

The temperature first dropped from 27°C to 25°C, probably as a
result of the influx of colder water from upstream and from the
gradually disappearing forest. In the following weeks the temperature
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increased again to 27°C on April 8 and then dropped once more. It
is possible that the increase was due to a change in colour of the
water. After sedimentation the colour of the water turned from
brown to black. It was not clear why the temperature dropped after
April 8 as no changes in the weather or in water level took place (dry
period. until May 20). After April 22 the temperature rose gradually
and appeared parallel to that at Sara, although it remained slightly
lower because of the more intensive shadow.

Though initially conductivity was higher than at Sara, later on in
August and September, it was about the same. Increasing depth and
volume of the water created a comparable situation. Conductivity
finally remained nearly constant at about 40 uS. When at the end
of May the rainy period began and the water level rose rapidly,
conductivity decreased on account of dilution. In the dry period of
April and May there was little change. Near the bottom the values
were higher and increased gradually.

As at all the other stations pH dropped to 5.5 appr. Transparency
increased in the first weeks but after April 8 it diminished to 1 m.

Comparison with the curves from Kabel in Fig. 12 shows that
after July 1, the values at the two stations became similar. The same
happened to the plankton. :

The plankton community at Locus did not differ much from that at Sara. As no
plankton was collected when the water was normal, it is assumed that the difference
was slight at the start. Comparison with the first plankton samples at Sara renders
this fairly evident.

In comparison with the Sara station the growth of Closterium in the dry periods of
April and May was slightly better. The development of Eudorina elegans during the
first few weeks and at the beginning of June, each time following a swift rise of the
water level, was also more pronounced at Locus. Locus is a long way from the
Suriname River and as a result the influence of its water is slight. Eunotia asterio-
nelloides therefore was seldom found and only during the first weeks. Flagellates were
always present. Oxygen, however, was always absent at the surface. After July 1
large numbers of Chlorophyceae and desmids appeared and the oxygen content began
to increase at the surface. This was much later than at Sara, and it never reached the
same level. This may indicate that either the plankton community was producing
less oxygen, or that more reductive substances were present. However, the influence
of a lower light intensity and temperature must also be taken into account.
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4c. LIMNOLOGICAL CHANGES OF THE ENVIRONMENT

The data on depth distribution of temperature, oxygen content,
conductivity and pH are plotted in graphs. In one series the depth
distribution is given for each sampling separately. In another series
the variation at each level during the observation period is given.
Both graphs may help to increase our understanding of the processes
in action during the filling of the lake.

Station 1. Afobaka (Figs. 17-20)

Before the closing of the dam the water was mixed from top to
bottom. The temperature showed a slight decrease and the
conductivity a slight increase near the bottom. Oxygen was near
saturation level everywhere. In the daily observations (Chapter 4a)
further details are given. It is necessary to mention once again that
in the normal river during high water differences between surface
and bottom increased. On December 11 the depth was about 7m
and the following variations between bottom and surface were found;
temperature 27.8-29.8°C; oxygen 3.7-6.4 mg/l; conductivity 37-24
uS; pH 6.4-6.7. This seems to prove that even under normal con-
ditions oxygen content near the bottom may be low.

After the closing of the dam the temperature was fairly uniform
from top to bottom for several weeks. The water was apparently well
mixed and gradually the currents and turbulences subsided. Iso-
therms show that from March onwards the top layer of 0-3 m be-
came warmer while the deeper water gradually became colder. This
development was interrupted during the rainy period, starting on
March 11, at a moment when the volume of the lake was still fairly
small, The temperature was markedly affected from top to bottom.
Later on May 27 and in August, rains had only a mild effect on the
top layer of 3 m but deeper water showed a stronger response. Under-
currents may have interfered. Diurnal fluctuations became notable
in the top layers but were less distinct in deeper layers as heat ab-
sorption was restricted nearly exclusively to the top layer. A thermo-
cline with corresponding epi- meta- and hypolimnion was not found
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at all or only temporarily during the day. Temperature inversions
were recorded, as on May 6, but no permanent thermocline develop-
ed in deeper water. The wind action as a downward acting force was
subordinate to differences in density, which resulted in density
stratification restricted to the top layers. )

The appearance of the 27° and 26° isotherms in higher waterlevels
in July and August clearly shows that the deep water gradually
cooled off. This means also that the water was not stabilized ther-
mically and that heat exchange had not yet reached an equilibrium.
The lowest temperature to be reached near the bottom will probably
be about 25°C which is also the lowest temperature recorded in
tributaries not exposed to sunlight.

Like the temperature, the conductivity was fairly uniform
from top to bottom during the first weeks after stagnation. The iso-
conductiva show that the conductivity soon increased in all water
layers, synchronously with the isotherms. This increase was inter-
rupted during the rainy period as a result of dilution. Almost down
to the bottom the water became mixed again. The conductivity
increased downwards. During the heavy rains of June and July the
conductivity increased only slightly down to a few meters above the
bottom. By this time the volume of the lake had increased and the
amount of trapped rainwater was considerable, with the result that
the major part of the water became homogeneous. For this reason
the 30 pS isopleth-conductive did not move to higher levels after
July 15, but ran approximately parallel to the 28°C isotherm. Both
remained at a practically constant level until after August 19, when
the gradual cooling of deeper water pushed the 27°C isotherm to the
top layers. Then the 30 puS moved swiftly upwards.

The cause of the increase of conductivity was evidently a mount-
ing content of minerals in the water. Daily observations showed that
in the course of one day a ‘“wave” of conductivity moved down to
the bottom. This explained the maxima recorded at 1.5m on
February 19; at 6.5 m on March 18; at 4.5 mon June 10; at 4.5mon
July 15, etc. These maxima were temporary. The minerals inducing
the temporary higher conductivity probably originated from decay-
ing organic material, such as dead plankton and organic material
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ELECTRIC CONDUCTIVITY OF THE BROKOPONDO LAKE NEAR AFOBAKA . . 19

depth in meters

A n n naau 1w K nn ®n

- ~ °
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nl ——— 1963 |1964 —_— closure of dam at 1.I1.1964

from the forest. It was evident that the mineral enrichment of
deeper water originated partly from the surface. There was also a
bottom effect, whereby the bottom water layers were enriched by
minerals to a certain distance above the bottom. This might be
derived from the 50 pS isopleth which fluctuates strongly without
showing isochronisms with the 26° isotherm. In shallower water
shortly after the closing of the dam the bottom effect was noticeable
up to the surface. In July and August only the bottom layers were
affected, as the depth had become considerable by then.

Currents and turbulence resulting from rainy periods may also
produce “waves” of higher electric conductivity in deep water. A
retarding effect may also be found as part of the water flows in from
elsewhere moving in a horizontal direction. It should be mentioned
that the inflowing river water may be traced by its temperature
which is lower than that of the surface water of the lake. This colder
water will mix with the cold deeper layers of the lake after passing
the zone of transition. Moreover, the river water has a lower con-
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ductivity and it will, therefore, dilute the water with which it mixes.
Density differences, due to temperature and to minerals are the main
factors in this process.

It is remarkable that in the 0-3 m layer the temperature fluctua-
tions (and also oxygen fluctuations) were very great, but fluctuations
in conductivity were negligible. This means, that the chemical
situation in the surface layers was more stable than temperature and
oxygen. We have seen that some important fluctuations in conduc-
tivity did occur but they soon moved downwards. This may be
caused by chemical processes at the surface. These produced certain
minerals which sank, proving that an increase in density caused by
dissolved solids is more active than a simultaneous decrease in den-
sity caused by a rise in temperature. Depending on the weather the
two factors may work in the same direction resulting occasionally in
important fluctuations of conductivity. Considering all this we have
to remember that the lake water was not yet stabilized as the final
water level had not yet been reached.
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In the river the pH was about 6.5. During longer periods of rain
it dropped after a short initial rise (January 8). A lowering of the.
pH might be caused by COz produced by decaying material which
was washed into the river. The initial rise could be caused by silt
stirred up from the bottom of the river when the rains began. This
short rise in pH must therefore be considered to be the effect of
turbulence on the stream bed, by which the mineral content in-
creased.

After the closing of the dam the pH dropped to about 5.5 and
after February 19, no pH higher than 6.0 was found at any depth. In
a vertical direction the pH values did not vary significantly. During
rainy periods the pH fluctuations were of the same order in all water
levels, becoming constant again afterwards (Fig. 20). This occurred
after an initial decrease in mineral content. The sudden increase
seemed therefore to be connected with a sudden change in the water
at the beginning of the rainy period. As the water was quite deep at
that time a bottom effect can be ruled out; so the addition of suspend-
ed organic matter from the flooded forest appeared to be the most
likely cause.

The water of the running river was nearly saturated with oxygen
but the concentration decreased slightly towards the bottom. Details
of the vertical distribution were collected until one week after the
closing of the dam. Shortly afterwards the water was oversaturated
for a short time (February 2) and in deep layers maxima occurred
which were caused apparently by a diurnal periodicity commented
upon in Chapter 4a. In the next three weeks the oxygen content near
the bottom decreased rapidly and after March 4 no oxygen was found
below 4.5 m. Above 4.5 m the daily fluctuations in oxygen content
were very great and ran parallel to the temperature. Temporary
inverse stratifications also occurred, e.g. on May é. In the dry
period of April and May the anaerobic zone moved upwards; when
the rains started it moved down again. On June 10, oxygen was found
to a depth of 6.5 m for a short period. The heavy rains at this time
caused a horizontal movement of the water which might have caused
a better aeration and also brought down oxygen containing water
from upstream.



BROKOPONDO LAKE NEAR AFOBAKA 20

02 in mg/t
0 . ~10
closure of the dam at 1.11.1964
9 r!
) 1]
7J L 7
[y L6
s 4 1S
4] L4
.3 L3
2. =3
1] 1
04 L0
" Temperature in °C
3 3
334 133
324 Laz .
nl n
304 2
29 3
24 L8
27 {27
26 2%
N,
25] . .3

Electric conductivity uS

W—\_—/\/
tom20 \W |.20¢0m)
(15m20.] W 2005m)
25m20] - L 20125m)

o
(&smi20 - o L20tasm)
(85 m1 20 . ) L2085m)

) {
(85m)20 20085m)
b
tasm 2o . 20005m)
. K
(12smi20] L 20(125m)
{145m120. 1. 20(145m}
t1ssmi20] | x5

{smi204 |.200185m)

(205m 20 Laxansemy

{225m)201 L20(225m}

pH
o] %\/—/\/\/‘1’"“’“\/\/\/\/\
csmie.) /\N\'W\,@p_\/\_,\_/-\/_\ e

smisg - \/\/\/‘M—MWN\ Cevcm
(85m) 84 ${45m}

(85ms] TSN SN~ | scasmi
(a5 e N T N [scasm

125m6 ] TN~ TN O [sism
esms) T T S TN s125m)
ssms.| TN TN stesm
(185m) 6 N— N TN | 5c165m)
(2056 ) N asm
(225me] NN W | 5c208m1
(245m36 ] e B |05
(265m6.] - ~ 2usm s c2esm
(285ms ) B |sssmi

'%I%'IV '2‘ I Il [%"! l' l15 IZ 113 lZ? Iﬂ) IZ‘ '! ]22 | II'I
s o et Yo Vg P P, B g Ky T T g P TP Vi Py P

1
——1963 | 1964 —=~



76

The vertical distribution of oxygen showed that after the transition
period oxygen was only found in the upper water layers and that the
important fluctuations ran parallel to the temperature fluctuations.

Station 2. Kabel (Figs. 21-25)

Sampling at Kabel started when the water became stagnant. The
data were similar to those recorded at Afobaka: surface tempera-
tures increased, bottom temperatures decreased. The develop-
ment was interrupted by periods of rain. The influence of rain and
rising waterlevel after the dry period of May is shown in the curve
for May 20. At Afobaka this effect was not recorded before May 27,
obviously as a result of the greater distance between the Afobaka
station and the inflow of the river which was situated south of Kabel.
On June 3 and 10 there was little difference between surface and
bottom temperatures; however, fluctuations in the upper layer of
0-3 m eventually showed a tendency to increase.

At Kabel the conductivity was lower than at Afobaka. This
was probably caused by topographic features, the actual volume
and a more liberal supply of rain and clean riverwater in this area.
The isopleths show a rising tendency in August and September just
as was found at Afobaka.

The pH at Kabel may have been somewhat lower than at
Afobaka in running water. After March 18 no pH higher than 6.0
was found. This was after about 4 weeks of stagnation: almost the
same period as in Afobaka. The lowering of the pH preceded lower
oxygen content and temperature and was isochronic with alterations
in conductivity in deeper water. See March 18.

In general all events at Kabel were comparable to those at Afo-
baka. The period of oxygen oversaturation, however, lasted for
several weeks. After April 8 an anerobic zone was formed below a
depth of 4.5-6.5 m. Oxygen was apparently not restricted to the
surface layers which might be partly due to more wind action and
partly to a smaller amount of decaying material. After May 20,
during the rainy period, the water was aerated for some weeks from
top to bottom, but on July 1 the anaerobic zone was re-established
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and reached to within 1.5-2.5 m of the surface. This might indicate
that it was not so much wind action but mainly the amount of
organic matter which was responsible for the restriction of the
oxygen zone. ‘

Station 5. Beerdotti (Figs. 26-27)

The initial temperature at Beerdotti was lower than at
Kabel and Afobaka. This was understandable as the river water had
a lower temperature upstream and the period of stagnation at
Beerdotti was shorter. As the depth of the water was not yet very
great, the temperature was more homogeneous in the whole basin.
On July I the watermasses were completely mixed. After July 22
the deep water started warming up but after August 12 it was cool-
ing again. Table 27 shows clearly that only the very surface of the
water was warmed by the sun. This might be a result of the sheltered
situation of the sampling station. Later on, when the water level
rose, the surface area and the wind action increased. This occurred
at the end of August and in September. A first rise of the water
temperature was recorded at 1.5 m, indicating that the situation
was becoming more or less comparable to Kabel and Afobaka.

The conductivity was lower than at Kabel and Afobaka as
Beerdotti is situated higher upstream. After August 12 the isopleth
rose swiftly to levels comparable to those of Kabel at that time.

When sampling started, the pH had already reached a value of
about 5.5. On August 19 a slight fluctuation could be noticed. This
time the fluctuation was isochronic at all three stations. This favors
the conclusion that it was possibly triggered by rain showers, being
the only factor in common to three stations.

At Beerdotti a period of oxygen oversaturation has not been
recorded. An anaerobic zone was formed after July 29. Sampling
took place mainly during the transitional period. It should be men-
tioned that on July 22 the oxygen content in deep water was higher
than at the surface. Probably colder water, rich in oxygen, arrived
from upstream but did not mix with the surface layers.
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OXYGEN CONTENT AND TEMPERATURE OF THE BROKOPONDO LAKE NEAR KABEL

Temperature in *°C

date in 1964
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ELECTRIC CONDUCTIVITY AND pH OF THE BROKOPONDO LAKE NEAR KABEL.
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4d. HORIZONTAL AND VERTICAL GRADIENTS FROM AFOBAKA TO BEER-
potTI (Fig. 28; Tables 10 and XIV)

The sampling stations Afobaka, Kabel and Beerdotti were located
in the former Suriname River at a distance of approximately 15 km
from each other (Fig. 3). To have some information on what happen-
ed between these stations the river was sampled every 2.5 km on
several occasions, viz. at Koffiekamp, north of Aloesoebanja soela,
south of Aloesoebanja soela, Kadjoe, Kabel, south of Kabel, Saida-
goe, Lombe, Gansee, Geltoesi and Beerdotti.

As the lake was filling up the zone where the running water of the
river became stagnant moved slowly upstream. This zone was
characterized as the transition zone in which rapid changes in the
composition of the plankton and chemistry of the water occurred.
When the lake will have been filled, this zone will permanently be
found at the inflow of river and creeks.

As mentioned above the transition zone could be followed easily
as numerous Eudorina elegans coloured the water green. After March
11 the green wave moved southwards from Afobaka reaching the
former Aloesoebanja rapids on March 18 and Kabel on April 8. At
the same time the river diatom Eunotia asterionelloides decreased in
numbers, as examination of the plankton showed. The events were
interrupted by heavy rain in the week before March 25.

Eudorina and Eunotia are representatives of two different plank-
ton communities. The latter is found in running water and the former
can be defined as metatrophic. Metatrophy is found in waters in
which the trophic situation has changed in a relatively short period,
or zone (LEENTVAAR 1958).

In Fig. 28 surface values of temperature, oxygen and conductivity at several
stations between Afobaka and Kabel are given. As could be expected during March
the oxygen content increased from Afobaka to Kabel, in April the stretch became
more uniform and when the situation of Afobaka became stabilized at last, lower
concentrations were found once more. A short interruption in this sequence of events
was recorded on March 25 after a few days of rain. The effect of the interruption was
observed also in the temperature gradients and the changes in conductivity and
transparency. In general the transparency decreased in the direction of Kabel and
the highest was found near Aloesoebanja.

On March 28 the vertical distribution of oxygen and temperature was measured
(Fig. 28). The curves for oxygen and temperature measured at the same moment but
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BROKOPONDO LAKE NEAR BEERDOTTI - 1964
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at different stations ran parallel to the curves recorded at one of these stations, in
the course of time. This supports the opinion that the same processes were involved
whenever the water became stagnant.

On April 29 and 30 a longer stretch of river was sampled. This time the samples
were taken from Afobakaright to Beerdotti. The most important plankton organisms
are listed in Table XIV. See also Table 10.

In the course of time the differences from one point to the other
increased. At Beerdotti the river was running normally; the stretch
from Beerdotti to Gansee was about 2.5 m deep, the water became
stagnant and oxygen content was near saturation from top to bottom.
At Lombé the depth was 8 m and only 3 mg/l oxygen was left near
the bottom. At Kabel a stabilized zone with oxygen only until 3-4 m
deep was found, and finally at Afobaka, where stabilization had
taken place some time before, the oxygen values were again higher.

The variations in temperature near the surface on the same stretch
presented a good picture of the different watermasses. From Beer-
dotti to Gansee the riverwater was fairly cold; the stagnant water
between Lombé and Saidagoe was warmer; then a stretch with
colder water followed, and it gradually warmed up again near Afo-
baka. The difference in temperature on the last stretch with stagnant
water was caused by a difference in illumination. At Afobaka the
trees had died and lost their leaves so that the water was more
exposed to sunlight; at Kabel the trees had not yet lost their leaves
and therefore the water was shaded and cooler. Change in colour of
the water was found between Lombé and Kabel which affected heat
absorption so that variations of the temperature resulted (Table 10).
From Beerdotti to Saidagoe the river was coloured brown by detritus.
From Saidagoe to Kabel green plankton from the metatrophic zone
was found; from Kabel to Afobaka the water became brown again
but this time the colour was caused by iron bacteria. This changing
colour pattern may serve as an illustration for the underlying pro-
cesses. »

The alterations in the plankton communities could also be followed easily (Table
XIV). River plankton with Spongilla spiculae, veliger larvae, Heliozoa and Eunotia
was found in deceasing numbers from Beerdotti to Kabel. The passive forms with a
higher specific gravity (spiculae, veliger) disappeared sooner from the plankton than
others. Lighter organisms like Eunotia and Heliozoa were carried over a longer dis-
tance but finally disappeared also. In the metatrophic zone Eudorina and Gonium
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were found. Finally small flagellates as Trachelomonas and Strombomonas appeared
together with numbers of crustaceans. In the part of the lake between Kabel and
Afobaka cladocerans, Strombomonas and Euglena seemed to find optimal conditions.
Near Koffiekamp and Afobaka they decreased in numbers. At these stations, where
the water had been stagnant for a long time, extreme conditions prevailed, such as
low oxygen content (Chapter 4b and f).

These horizontal gradients give a fairly good picture of the changing situation
during the formation of the lake.

4e. DIFFERENCES BETWEEN OPEN WATER AND WATER AMONG TREES
(Tables 11-12)

As mentioned already, the temperature in open water was about
2 degrees higher than in forest-covered areas; not only in stagnant
water of the developing lake, but also in running water, when the
open and wide parts of the Suriname River are compared with the
forest-covered narrow streams such as Sara Kreek and Grankreek.

Oxygen values were also different. In the running water of the
Suriname River, oxygen was higher than in the Sara Kreek but this
was not caused by a difference in temperature or by shadow of trees.
Lack of light, turbidity, reductive organic matter and the poverty of
green plankton worked together to keep the oxygen content low.
Perhaps the most important factor in the Sara Kreek might be the
lack of aeration or turbulence, for there were no falls or rapids.

In the stagnant water of the developing lake, oxygen content was
influenced by wind action, assimilating green filamentous algae,
phytoplankton and organic matter.

In order to get an impression of the variations in oxygen content
in open water and forest-covered water, a few samples were taken
on April 7, from a cross-section of the lake near Afobaka, from the
mouth of the former Sara Kreek and also further upstream. (See also
Chapter 4a)

The water had reached a level which covered many small trees and
illumination had increased. Oxygen values increased simultaneously
and more green filamentous algae were observed between the trees
(Table 11).

The observations showed that there was a gradient from left to
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right. On the right side the action of wind was stronger and more
green plankton organisms had accumulated there.

During the same period observations were carried out in the
former Sara Kreek. As the meandering bed of the stream by now
had become a flooded forest, the sampling stations were all more or
less surrounded by trees (Table 12).

The figures show that the oxygen content decreased between the
trees where the effect of wind diminished and more organic matter
was present. In spots with floating filamentous algae the higher
oxygen content attracted many organisms.

The oxygen production of the filamentous algae can be very high
when the circumstances are favourable. On April 22 for example at
Aloesoebanja the oxygen content between the algae was as high as
9.6 mg/l; in the open water just around and underneath these algae
oxygen was absent.

Later on the oxygen content at all stations increased as has been
described above. On August 27 8.0 mg/l Oz was found at station
Sara at the surface, and in the forest 5.8.

4f. VERTICAL DISTRIBUTION OF THE PLANKTON

Plankton was collected at various depths by pumping approxi-
mately 401 of water through a plankton net. The numbers of
species present were estimated and in this way a rough idea of the
vertical distribution could be obtained. It appeared that plankton
was concentrated mainly in the oxygenated top layers but that some
species seemed to prefer the layers bordering the anaerobic zone. In
a dry period the oxygenated layers were more or less confined to the
surface. During a wet season the anaerobic zone sank to greater depth
and the plankton was also found deeper.

Some annotations referring to Afobaka are given below.

March 26 — Anaerobic zone at 2.5 m. Eunotia and Eudorina numerous at | m.
Conochiloides, Sinantherina and Ceriodaphnia prefer 2.5 m. At 4.5m only a few
specimens found. v

April 1 — Anaerobic zone at 2.5 m. Same situation as before. Eunotia and Eudorina
less numerous. A few Eudorina at 6.5 m. Conochiloides absent in all layers.
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May 8 — Anaerobic zone at 2.5 m. Trachelomonas and Strombomonas dominant and
largest numbers at 2 m. Asplanchna prefers 1 and 2 m.

June 3 — Anaerobic zone at 6.5 m. Rainy period. Eunotia, Eudorina, Sinantherina
and others reappear; Trachelomonas and Strombomonas reduced in numbers. Trache-
lomonas, Strombomonas, Conchiloides and Moina only at the surface. Eudorina in
decreasing numbers to a depth of § m. Eunotia, Conchiloides, Cyclops and others
occur to a depth of 5 m; Mougeotia and Asplancha increased in deeper layers, most
numerous at 5 m.

June 4 — Anaerobic zone at 6.5 m. Same plankton but some species to a depth of
9 to 10 m, such as Eunotia, Eudorina, Strombomonas, Mougeotia, Asplanchna, Dia-
phanosoma and Moina. Conochiloides, Cyclops, Sinantherina and Pedalion only in the
upper 4 m. All species numerous in the upper 4 m; in deeper layers apparently limit-
ed by light intensity. Mougeotia, Asplanchna, Diaphanosoma and Moina present in
larger numbers than day before. Of Trachelomonas and Strombomonas only a few
individuals are found.

June 8 — Anaerobic zone at 3.5 m. Same pla.nkton as on June 4, but below 3.5 m
only a few specimens.

June 12 ~ Anaerobic zone at 4.5 m. Rotifers and crustaceans more numerous above
the anaerobic zone. Eudorina and Eunotia decreasing. Moina only at 4 m. Trachelo-
monas and Conochiloides absent.

June 15 ~ Anaerobic zone at 2.5 m. Plankton only above 3 m and similar to the
plankton of June 8 and 12. No more Eunotia and less Mougeotia. Total numbers of
rotifers and crustaceans lower than on June 12. Pedalion only at 3 m.

July 16 — Anaerobic zone at 3.5 m. Melosira, Conochiloides, Ceriodaphnia, Sinanthe-
rina, Diaphanosoma and Dictyosphaerium present above 2.5 m. No difference in
numbers at different times of the day at various depths. Practically all numbers
decreased with increasing depth. Cyclops and Asplanchna found down to 3.5 m
in the morning, 4.5 m in the afternoon and 5 m at noon. The turbellarian worm
Catenula lemnae was only met in the zone where the oxygen content dropped to zero.
[These fast moving worms could be detected only in living samples; during fixation
they desintegrated completely and nothing could be found anymore.] Sometimes
thousands of these worms were found together with protozoans such as Spirostomum
and other turbellarians such as Microstomum. On July 16 they were absent above
1.5 m but in the morning thousands were found at 3.5 m; from 2.5 and 4.5 m only
about ten were recorded. At noon some 20-50 worms were found at 2.5, 3.5and 4.5m
but above and below there were none at all. In the afternoon the picture was similar
but the worms were more numerous. On July 17 they were practically absent. The
observations illustrate the marked preference of these fast moving worms for the
borderline between aerobic and anaerobic water.

July 20 — Anaerobic zone at 3.5 m. Roughly the same picture as on July 16. Melosira
fairly numerous in the morning but only at the surface and at 1.5 m. At noon maxima
at the surface and at 2.5 m. Conochiloides with maximum at 2.5 m in the morning;
at noon mainly concentrated near surface. Catenula absent above 1.5 m. In the morn-
ing fairly small numbers at 2.5 m. At noon no specimens above 2.5 m; at 3.5 and
4.5 m, however, present in considerable numbers, but absent 6.5 m and lower down.
July 21 — Anaerobic zone at 2.5 m. Very similar to that on previous day. The lowest
limit of distribution is now about | m higher. Numbers of Catenula comparable to
those previously found. In the morning only at 1.5 m, at noon only at 3.5 m and
in the afternoon at 3.5 and 4.5 m.
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July 22 — Anaerobic zone at 2.5 m. All organisms reduced in numbers, the lowest
limit of distribution at 1.5 m. 4Asplanchna in the morning and in the afternoon to
depth of 4.5 m. An “explosion’’ of Catenula in the morning and afternoon. In the
morning from 2.5 to 6.5 m and in the afternoon from 1.5 to 6.5 m. Absent above
1.5 m.

July 23 — Anaerobic zone at 2.5 m. A fair amount of Cyclops and Conochiloides at
the surface and at 1.5 m. A few Catenula found below 1.5 m. Other species as numer-
ous as on July 21. The observations in July at Afobaka show diurnal vertical
migration of the plankton. Also great variation in numbers is found from day to day
to such a degree that it is difficult to account for the disappearance and reappearance
of numerous individuals of a certain species, as for instance Cafenula and some
Rotifera. It is quite possible that dense concentrations move in clouds from spot to
spot. Nor should we forget that some organisms will die and disintegrate rapidly
under the influence of the great diurnal variations in oxygen content. In Chapter 4a
an example is given of the disintegration of filamentous algae and the resulting
increase of conductivity in a vertical direction. The same may be found for Catenula
and other organisms which disintegrate readily.

At Kabel the vertical distribution of plankton was examined
on a couple of days in May and June. The total population was less
numerous than at Afobaka. If we compare the behaviour of some of
the species also found at Afobaka, it appears that they may also be
found some meters down into the anaerobic zone. It is not easy to
see why they should behave like that. In June when oxygen was
found fairly deep, plankton was found deep too, with concentrations
near the surface and at a depth of 6 to 7 m. Obviously the organisms
occurring at 6 to 7 m were more or less trapped in these layers. They
were unable to reach the surface in time when the oxygen content
diminished and as a result they died. It remains doubtful, however,
if this phenomenon is an important part of the mechanism of vertical
distribution. Compare Chapter 6.

Finally it should be mentioned that at very sheltered stations such
as Sara and Locus, oxygen is totally absent from top to bottom
during a long period. Plankton organisms are then only found in a
surface layer of a couple of centimeters. As a result net haules con-
tained fewer organisms than samples taken superficially with a
bucket. During this period the water is largely covered with a
neuston film of iron bacteria and other organisms.
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4g. BiocHEMICAL OXYGEN DEMAND (BoD) (Tables 13-20)

The oxygen content of water depends not only on the physical and
chemical properties but also on the activities of plants and animals
living in it. Oxygen content is the outcome of a dynamic system of
oxygen consumption and oxygen production. If a large amount of
organic material or other reductive substances are present in the
water, oxygen consumption will be high. Many Bacteria and Proto-
zoa will also develop under these conditions adding to the oxygen
consumption.

Examination of water polluted by sewage includes a test of po-
tential consumptive capacity. This test consists of measuring the
decrease of oxygen in water kept in bottles in the dark during a
certain number of days, and the result is called Biochemical Oxygen
Demand (BOD).

During the filling of the Brokopondo lake this test was used to
estimate the amount of organic material with easily oxydizable
components from the drowning forest. The total amount of organic
material has been tested several times with potassium permanganate
(Chapter 4h). The values found were low in the river but increased
after the impoundment.

Oxygen production of water samples had also been investigated.
This has been done by putting BOD-bottles near the window in the
room at room temperature and by measuring the oxygen production
of the green organisms.

The tests were carried out on several days and at various stations.
The BOD at Afobaka was measured in the river proper and later on
during consecutive phases after closing up. Several swamps were
examined for comparison and also the oxidation pond of the Afobaka
settlement built for the purification of waste water.

BOD in the Suriname River (Tables 13-15)

In the Suriname River the oxygen consumption was low. In the
bottles kept in the light only a little more oxygen was produced than
in bottles kept in the dark (Table 13). In the dark as well as in the



96

light the oxygen content after three days was lower than the initial
level. The plankton community of the Suriname River was poor and
a limited production of oxygen should be considered normal. In
oligotrophic waters in moderate climates oxygen production and
consumption in the dark and in the light is also very low (LEENTVAAR
1963). If we take the difference between tests in dark and light as an
indication of the capacity for biological selfpurification of the water
the conclusion is that this was not very great in the Suriname River,
as production in the light was only slightly higher than the consump-
tion in the dark.

In water from the shallow swamps the decrease in the dark was
slightly higher than in the Suriname River and the production was
in the same order of magnitude. The initial values were different,
however. In both cases plankton was also scarce but in the swamps
more organic matter was present, reducing the oxygen content.
Difference in initial oxygen content between the two swamps of
Table 13 is explained by a difference in illumination, and the
plankton present.

The saprotrophic oxydation pond was rich in organic matter and
also rich in unicellular flagellates such as Phacus, Trachelomonas and
Euglena. The water was turbid. The initial oxygen content was high
(even oversaturated) but already after three days the samples
smelled of HS and oxygen was exhausted. The decrease was more
than 9.1 mg/l. In the bottle kept in light, consumption was counter-
acted by production. The purification capacity of the oxydation
pond was insufficient as it was overcharged with organic matter.

On January 9, 1964 another series of samples was taken but they
were only kept in the dark (Table 14). The initial values were differ-
ent from those on November 26; the condition of the water had
changed in the meantime. ‘

The series of January 9 showed that the oxygen consumptlon in
the Suriname River was low again after only four days. In the Sara
Kreek and the two swamps oxygen consumption was higher. On
January 15 a vertical series of samples was taken in the river at
Afobaka (Table 15).

The initial (= actual) values of oxygen increased with the depth,
as mentioned in Chapter 4a. The decrease of oxygen after three days
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in the dark was slight in all samples. Near the bottom it was slightly
higher, which was to be expected as the silt content was also higher.
The figures, however, show that the Suriname River carries very
clean water.

BOD in the forming lake (Tables 16-20)

After the closing of the dam large amounts of organic matter start-
ed toaccumulate. Oxygen consumption increased; the actual oxygen
content at the sampling stations decreased. This was observed in the
first weeks after stagnation. As the initial oxygen content was very
low or even absent, it was not possible to carry out BOD tests in this
period. Diluting the BOD sample, a common performance in water
pollution research, was not carried out; this would have produced a
complete disturbance of the original environmental conditions. Tests
in the light were not carried out either. ‘

The decrease in oxygen during this transition period was also very
low even in deeper layers. The conclusion, however, that the BOD
did not increase after stagnation must be considered to be highly
doubtful. Tests in the light were not carried out but it should be
mentioned that many Ewudorina, able to produce oxygen, were
present during this period. The actual oxygen content in the lake,
however, was very low: The growing amount of phytoplankton, in
the beginning, produced an insufficient amount of oxygen to counter-
act the reductive influences.

The BOD tests were continued in the stabilized periods in May
and August, during which the actual oxygen content was higher and
restricted to the surface layers. In this period many unicellar green
organisms developed. The result showed that the BOD was higher,
but oxygen production was not always significant. The figures are
comparable to those from the swamps.

In order to understand the underlying processes well, it should be pointed out that
the diurnal fluctuations of the oxygen are considerable. The actual oxygen content
depends on the time of the day at which the sample is taken and is furthermore in-
fluenced by weather conditions.

The rate of oxygen production when samples are exposed to light is shown in the
series of May 24, in Table 17. This series also showed that if the test is continued
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long enough, oxygen content increases after an initial decrease. This was often ob-
served in these tests and it indicates that oxygen production by algae only started
after a couple of days. Another explanation of the higher actual oxygen content was
the stratification of the top layers which kept reductive substances from moving
upwards from the hypolimnion. Furthermore the biocommunity as a whole had gain-
ed stability with the result that more oxygen was produced.

The zones of stagnation, transition and restabilization at Afobaka
could be followed by sampling in the direction of Kabel where the
river entered the expanding lake. With this in mind several BOD
tests were carried out during the different phases of the filling up of
the lake (Table 18). The results showed an increase of initial actual
oxygen content towards Kabel. At Kabel oversaturation occurred.
On March 18 heavy rains lowered the values at all stations. Apart
from two observations on March 12 the decrease in oxygen content
was very small and comparable to that in the river.

This was the expected picture. A complete range was sampled
from oversaturated water to water nearly deprived of oxygen. The
decrease of oxygen in bottles, however, remained practically the
same.

At Kabel samples for BOD tests were taken at several depths
every week from February 19 until April 8 (Table 19). This period
covered the transition from running to stagnant water. The current
ceased on February 19, while after some weeks of supersaturation
the oxygen began to decrease after March 18.

The decrease of oxygen in the bottles appeared to be high but in
several bottles the initial oxygen content was very high by over-
saturation. The decrease therefore is partly due to physical equili-
bration. In these bottles a bubble of gas was formed under the stop-
per. In the April samples a lower initial oxygen content was found
and oxygen decrease was small.

After restabilization of the oxygen content at the surface at Kabel
the decrease in BOD bottles was examined again (Table 20). The
decrease of oxygen was comparable to that at Afobaka in May and
August in swamps.

The general conclusion is that no pertinent observations on the
rate of BOD could be made; also the values found were much lower
than expected.
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4h. VERTICAL DISTRIBUTION OF ELECTROLYTES AND OTHER CHEMICAL
DATA (Fig. 29; Tables 21-22)

In the upper reaches of the Suriname River the amount of Cl was
no more than a few mg/l.

As the pH of both river and lake was low, data on alkalinity are of
more importance than the salinity. In the river the alkalinity was
very low (generally about 0.25 mg/l), but a slightly higher value was
found (0.35) near the bottom. The buffering capacity of the water,
therefore, was small. As we have seen in the Suriname River at
Pokigron, the pH dropped during a rainy period. This also happened
with the pH of the lake after stagnation. The equilibrium between
carbonate, bicarbonate and free CO3 was then disturbed by addition-
al COs. In the stagnant lake and in the swollen river the content of
decaying organic material producing COz was high.

It appeared that stagnation alone made the water of the Suriname
River still more aggressive. During stagnation the exchange between
water and air diminished, especially when the water was getting
deep. This might result in accumulation of COs. ‘

BRrAUN (1952) also found low alkalinities in lakes in the Amazon
region but there the pH increased in a rainy period, possibly because
rain washed away salts from flooded banks.

In May, during the dry season, the alkalinity was higher and it
gradually increased from the surface to the bottom. The concentra-
tion of minerals increased likewise. In July, during the rainy season,
the alkalinity decreased. At Sara and Locus both curves ran parallel.
The conductivity mainly represented the amount of carbonates. The
pH was uniform from top to bottom.

The change in colour of the water, after the stagnation, to light
brown by dissolved humic substances suggests the presence of humic
acids. In July a layer of 6 m above the bottom was coloured very
deeply. Since the pH did not change much it was probably not the
amount, but the nature of the dissolved humic substances which was
decisive for the pH level. The level reached soon after stagnation did
not change afterwards despite a constant increase of humic substan-
ces. Diurnal changes in pH occurred, however.

Oxydation with KMnOj4 suggested only small amounts of organic
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material in the running water of the Suriname River and Sara Kreek
during -December. These amounts changed during dry and wet
seasons. Soon after stagnation in April the organic material was
sedimented and largely mineralized. On April 30 a higher amount of
organic matter was found in the river near Beerdotti, just as at
Afobaka before the dam was closed. In July the amount of organic
material increased considerably. This material came from the swamp-
ed forest. Simultaneously mineralization products like NO3 and POy
increased too. ,

A near total absence of N, P and S in the running river was follow-
ed by high values after stagnation. More Fe was present than in the
Amazon (BRAUN 1952, S10L1 1964). As has already been mentioned,
a thick film of iron bacteria (Leptothrix) was found on the water-
surface shortly after stagnation; especially in the former Sara Kreek.
In the dry bed of the Suriname River below the dam a brown pre-
cipitate of iron could be found where water was welling up in little
springs. 4

The iron content increased in May, especially in deeper water
layers. In the layer above 2.5 m where oxygen was still present,
precipitation of flocky iron hydroxide was observed. Under this
layer a2 maximum of dissolved iron was found, probably due to
reduction (Fig. 29). This process depends on the amount of oxygen
found near the surface which may vary considerably in the course of
a day. The effect is a diurnal change in concentration in a vertical
direction and several maxima which move towards the bottom
(Chapter 4a). The presence of HsS, however, may interfere with this
process.

The relation of iron to phosphate is shown in Fig. 29. The curve of
Fe runs fairly parallel to that of PO4. In July very large amounts of
PO; were found (0.70-1.5 mg/l). The highest content (16.8 mg/l)
was found at 20.5 m at Afobaka.

SO4 was always found in the river and later on also in the stagnant
water. A high amount was found at Afobaka at 20.5 m in anaerobic
water near the bottom. This fact and the high amount of POy
present at the time suggests a special situation. Independent move-
ments of the deeper water layers carrying large amounts of sulphate
and phosphate will have to be taken into account.
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NOj also increased after stagnation and reduction below 2.5 m
was to be expected. The curve for July gives some indication of a
decrease towards the bottom which is just the reverse of what has
been found for Fe and POy4. The curves for NOg and KMnO4 are
roughly parallel.

Analyses for other electrolytes, such as NOg and NH,, have only been made on
samples of running water in December; and of stagnant water in April. Both were
absent, or present in quantities undetectable by our methods of analysis.

I shall not try to give a picture of the chemical processes at work in the lake. The
data give no more than an impression. At this stage of filling it was evident that the
lake water had not yet reached chemical stability and before this happened distur-
bances would interfere making a reliable picture of interrelations virtually impossible.



5. BOTTOM FLORA AND FAUNA

The bottom in the upper reaches of the Suriname River was
composed of rocks and sand. Soft mud was absent, apart from a few
places near the outflow of rivulets and in places where the water was
more or less stagnant. In such places many tree leaves could be found
also. '

The most common type of aquatic macrophytes found were
Podostemaceae, occurring in the rapids, Mowurera fluviatilis being the
most common species. In one case a few specimens of Elodea were
found in a stagnant pool near Djoemoe during the dry season. The
river was not suitable as an environment for floating and submerged
plants due to the fluctuations in waterlevel and the velocity of the
current. For this reason Eichhornia crassipes was only found in
sheltered places. :

The bottom fauna of the river was also very poor. Bottom samples
taken with a grab contained only sand. During the dry season,
however, several small piles of excrements produced by a species of
Oligochaeta could be found along the edges of the sandflats. At this
time frogspawn and tadpoles could also be found, deposited by tree
frogs in burrows containing water. In the stagnant parts of the river
with a muddy bottom and decaying leaves only midge larvae were
found. Most organisms seemed to concentrate in the flowing parts of
the river especially in the rapids and the falls. In between the Podo-
stemaceae several organisms adapted to strong currents were found.
Simulidae and Ephemeroptera were common ; Trichoptera, Odonata,
Sialoidea (Corydalis) and Lepidoptera (Cataclysta) were found also.
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Freshwater shrimps (Macrobrachium) and freshwater crabs (Pofamo-
carcinus latifrons)lived in fissures and quiet parts of therapids. Small
Coleoptera were found mining the emerging leaves of podostemons.
Encrusting freshwater sponges were found also.-On the rocks snails
of the genera Pomacea and Doryssa were present; their tops were
invariably eroded by the aggressive water. These snails were found
together with small fish, tadpoles, waterbugs and waterstriders in
small pools on the rocks during the dry season. Apart from the few
organisms living in stagnant pools all specimens belonged to groups
normally living in running water.

The presence of a veliger-type of larvae and zoecia in plankton
samples indicated that Lamellibranchiata and Bryozoa must be
present in the river. Adult colonies of Bryozoa were not found,
however. Only a few shells of Diplodon voltzi, Diplodon granosus, and
Castalia ambigua were found occasionally. The veliger larvae in the
plankton probably belonged to Diplodon voltzi, the most common
lamellibranch in the Suriname River. Shortly after the dam at Afo-
baka was closed a large number of Diplodon voltzi could be collected
from the dry bottom of the lower course. The mussels were present
especially in the soft muddy parts near the outflow of small tribu-
taries. Freshwater shrimps were concentrated in the shallow parts
of the dry riverbed filled with stagnant water; their presence was
betrayed by numerous little pits in the sandy bottom. Worms could
be collected easily in places where excrements were found, piled on
the surface. '

The observations in the dry riverbed gave a certain indication of
the food chain of fish in the river. The scarcity of food organisms was
obvious. Probably only the freshwater shrimps were of some im-
portance as a source of food as they were most numerous and formed
an easy prey. The majority of the fish were predators. Insects blown
into the water from the banks may have formed another source of
food, though I never observed fish feeding on floating insects.

After the closing of the dam the water became stagnant and all
bottom organisms must have died rapidly through lack of oxygen.
This has already been mentioned in connection with the catfish,
Plecostomus plecostomus, dependent as it was on the rapids. Other
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bottom-dwelling organisms which could not escape to more favour-
able places also died. Some sponges, freshwater shrimps, ephemerids
and dragonflies could be found on floating substances or other places
where oxygen was present. Several organisms, common in stagnant
water, also invaded this substrate. This is apparent from the fact
that in the Sara Kreek region extensive fields of Lemna valdiviana,
Spirodela biperforata and Ceratopteris pteridioides developed, which
must have originated in stagnant water. In the flooded forest dense
algal mats (Spirogyra, Mougeotia) developed, together with many
organisms from stagnant water like the snails Drepanotrema anati-
num, A plexa marmorata, Acroloxus, Gundlachia, Taphius kiihnianus;
the crustaceans Euryalona occidentalis, Chydorus, Cyclestheria hislopi;
ephemerids, Odonata and waterbugs. In the Sara Kreek and other
shallow rivulets with mainly stagnant water Ranafra linearis and
other Rhynchota could be found (Belostoma, Microvelia). The snails
mentioned were only present at certain localities from where they
were dispersed with the floating material. During the rainy season
this bio-community did not survive, many dead Pomacea glauca were
found floating between the duckweed.

The dead leaves of the swamped trees were soon covered with
green masses of filamentous algae (Spirogyra, Mougeotia), which
eventually died when the water level rose. On the dead leaves of the
trees many muddy tubes of Oligochaeta were visible (Dero, Aulo-
phorus, Aeolosoma and Pristina).

Where filamentous algae developed, bubbles of gas kept the mats
of algae floating. In places where dense mats of Lemnaceae develop-
ed the algae died from lack of oxygen and light. In the former Sara
Kreek region where oxygen was absent from top to bottom, the
floating algae formed oxygen-producing islands favourable for many
organisms. Crustaceans and young fish were seen just around these
patches of algae.

Among the roots of waterhyacinths a rich community of organisms
could be found. It was composed mainly of crustaceans, filamentous
algae, desmids, midge larvae, Odonata, 'ephemerids, shrimps, water-
bugs and small fish. Also larger fish were found, such as Gymnotus,
hiding among the roots from where they could easily reach the sur-
face. '



COMPARISON OF THE FAUNA AND FLORA OF THE SURINAME RIVER
before and after the closing of the dam (Nov. 1963 « Sep. 1964)

SURINAME RIVER
(running water)

Plankton mainly composed of
phytoplankton

Crabs and shrimps (Macrobra-
chium), and other bottom-dwell-
ing organisms.

Velidae, Gerridae, and Belosto-
midae scarce.

Trichoptera common on rocks in
the rapids.
Ephemeroptera common on firm
substrates.

Megaloptera, Lepidoptera (Cata-
clysta), and Simulidae.

BrokorPONDO LAKE
(stagnant water)

Plankton of another type: other
phytoplankters dominant; Cla-
docera and Copepoda in great
numbers in oxygenated top lay-
ers; new species from stagnant
waters (e.g. Cyclestheria, Eurya-
lona; Lacinularia, Oclotrocha,
Stnantherina).

Crabs and shrimps, and other
bottom-dwelling organisms only
near the oxygenated surface.
Velidae (Microvelia) in great
numbers ; Gerridae not observed ;
Belostomidae on floating mate-
rial only.

Trichoptera not recorded.

Ephemeroptera not common;
only a few species (Asthenopus,
Callibaetes) recorded.
Megaloptera, Lepidoptera, and
Simulidae not recorded.



108

Sponges on rocks.

River molluscs (Pomacea, Dorys-
sa; Castalia, Diplodon).

Earthworms common ; no Naidae
recorded.

Turbellarians not recorded.

Fishes in many species and speci-
mens.

Podostemaceae common in rap-
ids. ’

Eichhornia and Ceratopteris in
only a few specimens.
Duckweeds not recorded.

Filamentous algae scarce.

Blue-green algae on firm substra-
tes. ‘

Sponges on floating substrates
only.

River molluscs absent; species
from stagnant water locally and
temporarely (Acroloxus, Aplexa,
Drepanotrema, Gundlachia, Ta-
phius).

Earthworms not recorded; Dero
and Awulophorus on decaying sub-
strates.

Turbellarians numerous in the
plankton (Catenula, Mesostoma).
Fishes in only a few species and
specimens; surface dwellers (Le-
porinus) in oxygenated top lay-
ers; Gymnotidae among floating
plants.

Podostemaceae absent.

Eichhornia and Ceratopteris co-
vering large areas.

Duckweeds (Lemna, Spirodela)
locally covering large areas.
Filamentous algae locally form-
ing mats.

Blue-green algae abundant on
roots of Eichhornia and on other
floating substrates.



6. - APPENDICES

OBSERVATIONS IN 1968

Hydrobiological research of the Brokopondo Lake started (some
time before the dam was closed on February 1, 1964) with weekly
observations at various stations in the vicinity of the dam. When the
last members of the research team left around the middle of 1967,
these periodical observations were stopped, although the water of the
Lake had not yet reached its highest level and a stable biological
situation had not yet been established.

The Division of Hydraulics (WLA) of the Ministry of Public
Works and Traffic at Paramaribo continued monthly observations
at five stations in the Lake, including observations on the rainfall.
They collected information on the pH, conductivity, turbidity, oxy-
gen content and the temperature at depths of 0, 1.5, 2.5, 3.5, 4.5,
6.5 and 8.5 m, while plankton samples weretaken as well. This infor-
mation and the samples were regularly forwarded to The Nether-
lands, for study by research-workers of the Brokopondo-team. The
kind help of Ir. A. BLES of WLA is gratefully acknowledged.

The author revisited the Brokopondo Lake from April 1 to May 8,
1968; the results of his observations follow below.
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WATERLEVEL

On April 30, 1968, the water gauge at the dam read 237 ft
(41.80 m). Since April 1 the water had risen 5 ft (1.50 m). In 1967
the highest level recorded was 241 ft (43 m) above Surinam level.

About 409, of the lake was covered by Eichhornia. According to
WLA the evaporation of the free water surface at the dam amounted
to an average of 4.5 mm per day. The precipitation at Afobaka
averaged 5.5 mm and at Pokigron 5.7 mm.

CHLORIDE CONTENT

In the older parts of the Lake a slight increase of the Cl-content
had been observed (from 5 to 31 mg/l). Considering that Cl is not
influenced by biological processes and that the rain water and the
river water contain only a few mg per liter, one wonders what the
cause of this increase could be. In a closed basin the Cl-content in-
creases when the evaporation exceeds the precipitation. Apparently
more Cl had been supplied by creeks and rivers than was carried off
through the turbines.

WIND EFFECT

The increasing effect of the wind on the Lake also increased the
mixing of the water layers, influencing the oxygen supply in the
water. Consequently the rotting of the organic material proceeded
more rapidly than anticipated. The increase of the wind effect was
due to the control of the waterhyacinth fields and to the disappear-
ance of tree tops below the water surface. As the wind and the action
of the waves swept waterhyacinths away, there was much open water
near the dam reaching as far as Kabel, Beerdotti and Locus. Water-
hyacinths, however, still occurred between the trees and further
south.

The waterfern (Ceratopteris) appeared to be absent and could
probably not stand the increased light intensity. The waterhyacinth
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(Eichhornia) has been controlled by spraying with 2-4 D from an
aeroplane and from boats, the costs amounting to about a quarter of
a million dollars a year (VAN DONSELAAR, 1968). Sport fishing has
become quite popular, as toekoenari (Cichla ocellaris) and pireng
(Serrasalmus rhombeus) are plentiful.

FieLD DATA (Figs. 31-36; Tables 23, 26)

The red station markings were clearly visible everywhere, as they had been re-
painted periodically by WLA during the rise of the water.

At station Afobaka, on April 9, oxygen was present down to a depth of 24 m
and the Og content was higher in deep water than nearer the surface. This situation
was rather unexpected as in previous years oxygen had only been found in the upper
4 to 5m layers and occasionally in a low concentration down to 8.5 or 10 m. In
former times HgS was usually present in the deeper water layers. This time no HaS
could be found at Afobaka, but the river below the dam smelled clearly of HsS and
contained no oxygen.

On April 11 and 12 oxygen content and temperature were measured at the stations
Afobaka, Kabel, Sara, Locus and the railway track at Kabel, every 5 m in a vertical
series down to the bottom. The result is shown in Table 23—24, Fig. 31.

The information gathered on temperature and oxygen showed that there was some
oxygen at all stations. The temperature gradually dropped towards the bottom.

At Afobaka the water near the bottom, at a depth of 35 m, contained 3 mg/l O,
and at Sara there was supersaturation at a depth of 20-25 m. This means that a
definite change had taken place in the oxygen content in comparison with the
situation of 1967 and previous years. Although this phenomenon is still unexplained,
this increase in the oxygen content at all depths and at all stations may indicate that
most of the organic matter in the lake water has been mineralized and putrefaction
has nearly come to a stop.

The question remained why, in spite of the presence of oxygen in all water layers
especially near the dam, almost anaerobic water flowed through the turbines and
below the dam the river contained hardly any oxygen (according to observations at
Brokopondo, Phedra and Berg-en-Dal).

It was found that water samples taken from the deeper layers in the lake smelled
of H3S in spite of the oxygen present. There were also many small gas bubbles in the
samples, formed because of reduced pressure in the water (Table 25). The presence
of both H3S and Og in deep water layers has been recorded also from lakes outside
Surinam. .

The BOD measurements were interesting in this respect (Table 23, Fig. 33). At
all stations the oxygen content decreased faster in the layers below 5 m than from
zero to 5 m. Clearly putrefaction in the upper layers is less than below 5 m. This is
similar to the situation in former years, when a transition from anaerobic water to
water containing much oxygen at a depth of about 5 m was recorded, together
with a sudden change in temperature. As well as the water samples taken at the
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stations at Kabel, Afobaka, Sara and Locus, all of which were situated in open
water above the former river bed, samples were taken at shallow, sheltered places
such as the former railway track at Kabel and at Sikakampoe, situated about an
hour’s sailing beyond Locus; waterhyacinths grow at both places, and shelter is
offered by many dead trees.

The oxygen content here was lower than anywhere else, but the temperature was
higher, with a sharp decrease towards the bottom. Apparently there was little
mixing of the water layers owing to the absence of wind effect. At Sikakampoe the
oxygen demand was considerable, both at a depth of 5 m and near the surface. At
the site of the railway track the water was shallow and near the bottom the oxygen
decrease was less than near the surface. Reduction at both stations was greater,
probably owing to the growth of waterhyacinths and concentration of organic matter;
there was also a stronger growth of filamentous algae.

A pronounced decline of temperature towards the bottom, connected with lack of
wind, was also observed on April 18 in the bay near the auxiliary dam No. 4 at
Afobaka, where the water below 2.5 m lacked oxygen. On the other hand, there was
a less pronounced temperature fall at the places where samples has been taken on
April 11 (Fig. 32) and where an increasing wind effect, connected with the gradual
disappearance of trees and branches, had mixed the water to a greater depth than in
the bay of the auxiliary dam.

At the mouth of the Grankreek in the former Suriname River and at Beerdotti
oxygen was also present down to the bottom (Table 23). The plankton in this water
did not overproduce oxygen as it does in hypertrophic water. None theless there wasa
copious developmeut of green phytoplankters, which are capable of producing oxy-
gen.

At Grankreek and Beerdotti more oxygen was present at a depth of 15 m than
in the higher layers. At Kabel on April 21 there was a pronounced layer with oxygen
at a depth of 15 m only. The same was true at Sara and Afobaka on April 16 and 17.
Presumably this was surface water which had absorbed oxygen, pressed downwards
by the wind below the surface.

The BOD-light and BOD-dark experiments clearly show the difference in the
reductivity condition of the water above and below the 5 m line, especially at Sara
and Afobaka. The actual oxygen content of the water does not have much signifi-
cance if one does not know anything about the reduction and production processes
of the water. The oxygen content in the upper 5 m is quite stable, below that depth
it is unstable in all layers; under certain circumstances, for instance by mixing after
passing through the turbines, it may disappear rapidly, Mixing caused by wind and
rain may have the same effect.

It may be expected thatgradually an oligotrophic environment will be established,
depending on the nature of the bottom of the lake and the character of the water
supplied. The increase of desmids which are characteristic of this environment, is an
indication of this,and it may be expected that a stable oxygen content will be formed,
amounting to a few mg/l near the bottom. Within a few years the river below the
dam will probably have more oxygen and more fish and other organisms.

In the transitional zone at the Southern side of the lake, where the Suriname River
empties into the lake, samples were taken on April 23, 24 and 25 (Fig. 36, Table 23).
At Pokigron the water-gauge was high because of heavy rainfall (4.40 m). The
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Mamadam was under water and here too dead parts of the forest were found, but the
water was not altogether stagnant. Samples were also taken at Adewai and Panpan-
tiri. The river temperature was lower than the temperature of the lake and it rose
towards the North. At Mamadam the water was almost saturated with oxygen
down to the bottom. In the stagnant water at Adewai the oxygen content was higher
in the deep water than nearer to the surface, while it was supersaturated at both the
bottom and the surface at Panpantiri. The zone at Panpantiri probably had the
strongest biological selfpurification. Changes could also be observed in the compo-
sition of the plankton and the colour of the water, which was more brownish here.
The water wasshallower, the trees were denser and higher, so that the wind effect was
slight.

In Fig. 34 (Table 23) the oxygen content at the various stations in a north-south
section is shown. In the southern part of the Lake the water below 5 m was not
anaerobic. Here too putrefaction has diminished. The rise of the waterlevel has been
slight, no new parts of the forest have been inundated and no more trees have died
off. The supply of organic matter has diminished. As the size of the lake is very large,
at present, the dying of the forest will occur mainly at the shores and the same is true
for the supply of organic matter, which may manifest itself locally through the de-
velopment of filamentous algae or plankton. Apparently only a pronounced rise in
the water-level will give an extra supply of organic material which will affect the
central and northern parts of the Lake.

At Pokigron the oxygen content and temperature at the surface and at a depth of
2.5 m were measured every two hours in the flowing river (Fig. 35). The location was
situated not far from the bank and the bottom was sounded at 3.10 m. The highest
temperatures were measured between 14 h and 16 h. The oxygen content at the
surface of the river was highest at 16 h. At a depth of 2.5 m it was highest in the
morning. In the stagnant water of Afobaka the conditions were irregular. .

In the area of the former Sara Kreek samples were taken at station 8 at Redidotti,
about 3 hour’s sailing from the dam, not far from the former village of Dam. The
water was stagnant here and dense fields of waterhyacinths occurred everywhere.
Fig. 36 shows that the oxygen content was relatively low in open water; a peak was
found at a depth of 10 m.

DaiLy FLUCTUATIONS (Fig. 37; Tables 24-25)

Temperature and oxygen content fluctuated during the day. At
Afobaka observations were made on April 21 every two hours (Table
25, Fig. 37). In the upper 2 to 3 m there was always much oxygen.
In the deeper layers this was not always the case, although one or
two layers may have a higher Oz content than those directly above
or below. ,

It appeared that a relatively warm layer in the deep water also
had a relatively high oxygen content. It is curious that a certain
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layer in deeper water should be rich in oxygen, since it is known that
in the absence of light there is no oxygen production.

Because of the continuous rainfall, heating of the surface layers
only occurred at 14h and 16 h, when the sun was shining. During
the rainfall in the morning the wind was strong, causing mixing of
water (Fig. 37): at 12 h the 28°C isotherm drops to a depth of 12 m.

On April 29 measurements were taken at station Sara, where there
was no influence of currents, such as caused by the turbines of Afo-
baka. On that day there was constant sunshine and also wind. The
water was warmer here; for comparison with Afobaka Fig. 38 shows
the 29° line. The heating of the upper water layers began at 10.30 h
and penetrated deeper, probably by wind effect. Oxygen super-
saturation was present at a depth of 20m at 16.45h and at 25m
at 12.30 h, which may be explained by the downward transport of
supersaturated surface water by currents; since there is a simulta-
neous increase in pressure a relatively large amount of oxygen re-
mained in solution.

Between 10.30 and 12.30 h there was a remarkable dlfference in
oxygen content in the layers between 5-20 m; perhaps due to a
supply of oxygen-rich water from elsewhere. For example, at 8 h
and 10.30 h, water was found with a temperature higher than 29°C
at a depth of 20-25 m (see the points of intersection), which was not
found at 12.30h later. The rapid changes in temperature and
oxygen in the course of the day might be explained by turbulent
currents, caused by increased winds. Because of the oxygen and
temperature conditions observed, the monthly program executed by
WILA was altered. From April 30 onwards samples were taken every
S m down to the bottom (Table 26, Fig. 39). The pH at Beerdotti
was constantly lower, and often there was a higher pH in the upper
Sm.

The conductivity was lowest at Beerdotti, at all depths. It in-
creased at Kabel and Afobaka. Below 20 m it increased strongly at
Afobaka, while at Sara and Locus its increase downwards surpassed
that at the other stations, on account of the environment (the
stations Sara and Locus were situated in denser inundated forest
and the water had a higher conductivity here).
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During the observations a note was made whether living or dead
‘Crustacea were found, in order to learn whether the plankton was
influenced or not by rapid changes in the oxygen content (Tables 24
and 25). Dead animals were found in some samples from water with-
out oxygen. Plankton was found in all water layers but mainly in the
upper 5 m of water. At a depth of 10 m there were much fewer
plankters. At Sara below a depth of 10 m the specimens were mostly
dead or inactive; at a depth of 15 m plankton was sometimes absent.
The situation at Afobaka was different; living organisms were found
at all depths below 10 m. Probably there was more disturbance in
the water at Sara than at Afobaka. At all depths the mosquito larva
Chaoboris was collected.

PLaNkTON (Tables XV-XVII)

Table XVII gives the composition of the plankton from Afobaka to Pokigron, and
in the area between the former Sara Kreek to Redidotti. The flowing water of the
Suriname River contained few species and specimens. Brown detritus was fairly
abundant, with spiculae of sponges, iron bacteria and colonies of the flagellate
Rhipidodendron huxleyi. The plankton had a brown colour. At Mamadam we found
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about the same river plankton, although the current had almost ceased. Half an
hour’s sailing further north at Adewai the water was stagnant, with little plankton,
in which most of the species of potamoplankton were lacking; a slight increase in
zooplankton was observed. The carplouse (4rgulus) was found in the plankton. At
Panpantiri the colour of the plankton changed to pale green because some species,
such as Volvox, Eudorina and Cosmarium, became abundant.

The pronounced supersaturation of oxygen at Panpantiri, mentioned above, indi-
cated a strong biological self-purification. At the mouth of Grankreek such a super-
saturation could not be detected but the composition of the plankton differed from
that of the lake environment further on. Cyclops and Ceriodaphnia cornuta were
present in great quantities, as were Cosmarium and Eudorina.

Nearing the dam all these species diminished in numbers and the plankton was
mainly composed of large quantities of Desmidiaceae, such as Staurastrum lepta-
canthum, while Crustacea, Rotifera and, to a lesser extent, Volvox and Eudorina were
present. The plankton also contained many Ostracoda. The plankton of the lake
environment consisted mainly of desmids and, in minor quantities, Crustacea, Rota-
toria, Volvox and Eudorina. Diatoms and blue-green algae were not found. In the
neuston the green alga Botryococcus braunii occurred mainly in the surface water.

The strong development of Desmidiaceae indicated that the lake water probably
had become less saprobic. The data on the biochemical oxygen demand and the
decrease of the flagellatae Eudorina and Volvox point in the same direction; in pre-
vious years both species were present in great numbers. Considering that the
Desmidiaceae still developed in huge quantities, one may conclude that as yet there
was no balance in the environment. As soon as this balance is reached, it is expected
that gradually an oligotrophic environment will occur, with Desmidiaceae domi-
nating, although in somewhat smaller numbers; other species will join them.

On the railway track at Kabel the observation point was not far from the bank.
The depth was only 2m and there was an abundance of waterhyacinths; huge
quantities of Volvox, Eudorina, Micsasterias and Crustacea were present. The species
of open water such as Staurastrum leptacanthum were only present in small numbers.
The species of Micrasterias and also filamentous algae and Desmidiaceae occurred in
shallower water with much waterhyacinth: Station Redidotti in the Sara Kreek and
Sikakoempoe, Station 8, Locus and Sara — with the open water area increasing —
resembled the lake environment at the dam and Kabel.

On the Western side of the Suriname River at Panpantiri old waterhyacinth fields
contained many aquatic insects, such as dragonfly larvae, waterbugs (Belostoma and
others), waterbeetles; also young fish, the Crustacea Cyclestheria hislopt and one
or two snails of Drepanotrema cf. anatina. Of the macrophytes Utricularia and
Jussieua natans are mentioned. In the waterhyacinth vegetation of the railway track
at Kabel fewer types were found. The snail Drepanotrema was found somewhat more
frequently. Dragonfly larvae were abundant, as well as the shrimp Macrobrachium.
There was also more growth of mats of blue-algae.

‘We have the impression that the old waterhyacinth fields had a greater variety of
macrofauna than the young fields. In the sprayed fields and in those found at Sika-
koempoe there appeared to be fewer species.



122

OBSERVATIONS IN 1972

During a one day’s visit to the Lake, May 3, 1972, the reservoir
was sampled at 5 stations. These stations are situated at Afobaka,
Sara, Kabel, Beerdotti and Locus, while the Department of Hy-
draulics of the Ministry of Public Works and Traffic (WLA) at
Paramaribo carries out monthly samplings. It might therefore be
useful to give a view on the present situation in the lake.

The lake was filled up, and since July 1971 the spillway has been
used when needed. This has resulted in irregular floodings of the
Suriname River downstream the dam, which has given troubles to
the people living there. Just below the dam, the river still smelt of
H,S.

As many trees in the lake disappeared under the water, there was
a very extensive area of open water, without any growth of floating
vegetation. The waterhyacinth appeared to be eradicted by the
sprayings of 2-4 D, and managers of the lake hoped to be able to
cope with any new invasion of floating vegetation now. On several
shallower parts of the lake concentrations of dead trees could be
found with some epiphytic plants on it, and many webs of spiders
which were the only animal alive above the water. Birds were not
observed. The effect of winds had increased and periods of absence
of wind were followed by sudden storms during showers, causing
high waves. ‘

Temperature and oxygen content observations from May 1972
and the monthly observations of WLA in 1971 show the following:
There is often no distinct thermocline, but oxygen is always present
in discontinuity layers. The well oxygenated epiliminion extends to
a depth of 5 or 10 m, the metaliminion from 5-15 m. This general
pattern was found at each of the 5 stations. In comparison with the
observations of 1968, there was no improvement of the oxygen con-
tent of the deeper waterlayers. This might be due to the effect of the
rigorous killing of the waterhyacinths, which sank down to the
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bottom, prolonging the period of rotting of the lake (LEENTVAAR
1974).

BODs was only a few mg/l above 25 m. Chemical analyses from
samples taken at the surface and at 25 m in the Lake near the dam,
and another from the Suriname River near the outlet of the turbines
showed low contents of Cat+ (1.5-3.5 mg/l), PO4” (0.02-0.07 mg/l),
absence of NOg’, but the Fe content was rather high (0.18-0.95 mg/l).

The composition of plankton did not differ much from that in 1968.
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TABLE 1

PHYSICO-CHEMICAL DATA OF THE UPPER SURINAME RIVER

Electric conductivity in micro Siemens; temperature in centigrades

Locality date ps pH °c
Pikien Rio 13~17.VII1.64 16 5.3 28.6
same locality 13-18. IX. 64 18 5.4 30.0
Gran Rio 13-17.VII1.64 16 5.3 27.5
same locality 13-18. IX. 64 19 5.5 29.0
Suriname River, Semoisie 13-17.VII1.64 17 5.3 28.5
same locality 13-18. IX. 64 18 5.4 30.5
Suriname River, Pokigron 13-17.VII11.64 19 5.2 28.5
same locality 13-18. IX. 64 19 5.5 31.0
Suriname River, Mamadam * 18. I. 64 20 5.8 -
same locality 18, IX. 64 19 5.4 -
Suriname River, Grankreek 25.X11. 63 22 6.4 -
Suriname River, Kabel 18, I. 64 20 6.4 -
Suriname River, Afobaka XI.63 - I1.64 22-25 6.0~6.8 -

TABLE 2

PHYSICO-CHEMICAL DATA OF THE GRANKREEK

Electric conductivity in micro Siemens; temperatures in centigrades

Locality date ps pH °c
100 m upstream 25.XI1.63 47 6.7 27.7
(depth 1.5 mj transp. 1.2 m;
alkal. 0.40; 6.0 mg 02/1)
1-2 km upstream 5,111.64 45 6.3 -
6 km upstream ) 5.111.64 45 6.3 -
in a small stream 5.II1.64 70 6.1 -
500 w upstrean 1svines | 31 s 2701
(almost stagnant; transp. 0.7 m)
1 km upstream 30.VII.64 39 5.8 -
(stagnant)
at first great rapid 30.VII.64 38 5.8 -
in & small stream . 30.VII.64 36 5.8 -
at sacond great rapid 30.VII.64 36 5.8 -
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TABLE 3

PHYSICO~CHEMICAL DATA OF THE SARAMACCA RIVER

‘Locality date, 1964 ps pH
! = Saramacca River, Boslanti 7.1v. 17 5.1
2 = forest streamlet at Boslanti 7.Iv. 46 5.0
3=s River, d 8.1V, 17 5.1
4 = Saramacca River, Pakka Pakka 8.1V, 18 5.1
5 = Saramacca River, Paudim 9.1V, 17 5.1
6=5 River, Loek kond: 9.1V, 18 5.1
7=s River, A d 4,19, 19 5.0
8=58 ca River, Drasmh 9.1V, 18 5.1
9 = Saramacca River, Apaugo 10,1V, 22 5.2
10 = Pikien Saramacca 10.1v, 36 5.3
11 =8 River, Kwakoeg 10.IV. 20 5.2
TABLE &
PHYSICO-CHEMICAL DATA OF THE TIBITI, COPPENAME AND TAPANAHONY RIVERS
Locality date, 1964 ps pH mg C1/1
. swamp mear Tibiti 25.1. 34 4.9 9
swamp near Tibiti 26.1. 34 4.8 8
1 hour upstream from Tibiti Sabana 26.1 28 4.8 s
Tibiti near Sabana, LW, 12.00 hr 26.1, 34 5.1 9
Tibiti near Sabana, HW, 17.00 hr 26.1, 41 5.3 11
Coppename near Tibiti ! 26.1. 75 6.6 18
Upper Tapanahony near Paloemeu 8.1II. 18 5.8 -
Tapanshony, Maboegoe falls 8.1III. 17 5.8 -
Tapanahony, downstream Maboegoe falls 8,111, 16 6.1 -
TABLE §
PHYSICO-CREMICAL DATA OF MAROWLINE, COTTICA, COMMEWIJNE AND SURINAME RIVERS
Locality date, 1964 ps pH mg C1/1
Marowijne near Bigiston, HW 5.1X. 27 5.7 1
Marowijne near Albina, LW 6.1X. 30 5.7 1
Cottica near Moenge 6.1X. 300 3.6 35
Commewijne 6.1X. 260 3.8 60
Suriname River near Paramaribo 6.1X. 12800 - 4600
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TAB

LE 6

PHYSICO-CHEMICAL DATA OF RIVULETS, SMALL STREAMS AND RIVERS

o,

Locality date pS pH m30,/1 TC colour
rivulets .
near road Afobaka-Brownsweg, A 13. XI.63 45 5.0 6.6 27 colourless
{alkal. 0.25)
sama locality 26, XI.63 35 5.4 2.6 24 colourless
near tvoad Afobaka-Brownsweg, R 26. XI.63 45 5.9 4.9 ?6 colourless
near road Afobaka-Brownsweg, C 26. XIL.63 33 5.7 3.3 2% turbid
near road Afobaka-Brownsweg, D 26, XI.63 82 6.8 2.6 24 colourless
well in quarry at Afobaka 9. XI1.63| 175 7.9 - - iron-brown
near Assidonhoppo 13.VII1.64 2% 5.3 - 25 colourless
near Ligolio, | . 15.VIII.64 18 5.2 - 24.2 colourless
near Ligolio, 2 15.VII1.64 18 5.2 - 24.5 colourless
small streams
Carolina kreek near Zanderij 16. XI.63 35 40 2.6 25 dark browm
same locality in savanna 7. XII.63 39 3.6 - - dark brown
same locality 5. VII.64 70 3.3 - - dark brown
Coropina kreek near Republiek 28, VI.64 62 3.3 - - dark brown
same locality 5. V11.64 49 3.4 - - dark brown
Compagnie kraek near Afobaka road 20. XI.63 32 6.} 3.8 25 colourless
Wedang kreek 20, XI.63 33 5.8 - - colourless
Witte kreek § of Kabel 18. IL.64| 110 7.2 - 24.2 colourless
2nd creek $ of Kabel 18. IL.64 38 6.1 - 24.5 colourless
Kassie kreek near Pokigron 20, III.64 23 6.4 - - colourless
Anjanvwoyo kreek near Botopassie 16.VIIL.64 25 S.2 - 26.2 turbid, brown
same locality 16, IX.64 27 5.4 - 30 turbid, brown
Sipari kreek near Aurora 17.VI11.64 19 5.3 - 26 turbid, browm
same locality 17, IX.64 19 5.4 - 27 turbid, brown
Macambi kreek near Brownsweg 26, VII.64 90 6.2 - - colourless
rivaeras :
Suriname River: Tsble 1, Fig. 10
Sara kreek: Fig. 10
Locus kreek ’ 25, x11.63] 70 - - 2 -
Grankreek (alkalinity 0.40) 25. XI11.63 47 6.7 6.0 27.7 yellow brown
Tapanahony, Paloemeu 8. IIL.64 18 5.8 - - colourless
Tapanahony, Paloemeu, Maboega falls 8. III.64 17 5.8 - - colourless
Tibiti near Sabana, HW 25, 1.64 41 5.3 - - dark brown
same locality, LW 25. 1.64 34 5.1 - - dark brown
Tibiei | h. upstresm Sabana 25, L64| 28 48 - - brownish
Coppename, - near Tibiti 25. I1.64 75 6.6 - - yellov green
Marowijne near Albins, LW’ 6, IX.64 30 5.7 - - very turbid
(1 mg C1'/1)
Marowijne near Bigiston, KW .
(1 »g C1'/1) 5. IX.64 27 5.7 - - turbid,
colourless
Cottica near Moengo (35 mg C1'/1) 5., IX.64| 300 3.6 - - opalescent
Commewijne near E-W road 5, IX.64) 260 3.8 - - light brown

(60 mg C1'/1)
Saramacca River: Table 3
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JABLE 7
PHYSICO~CHEMICAL DATA OF POREST SWAMPS, GRASS SWAMPS AND POOLS
Localicty date ps PH  mg 02/1 °c colour
forest swamp at Afobaka 19, XI.63 52 6.3 - - yellow
same locality 22. XI.63 51 6.2 - 30.5 yellow
grass swamp at Afobaka 22, XI.63 60 6.6 - 35.0 green
same locality 17.X11.63 57 6.2 - - green
same locality 9., 1.64 68 6.4 3.4 - gresn
swamp with tree stumps 19, XI.63 70 6.6 - - green
same locality at Afobaka 22. XI.63 85 6.0 - 33.5 yellow
swamp with tree stumps 20, XI.63 35 5.8 6.0 28.5 yellow
and Typha, Afobaka road
pool near dam at Afobaka, 19. XI1.63 120 7.2 - - clear
uo vegetation i
pool near dam at Afcbaka, 19, XI.63 79 7.3 - - yellow
with vegetation
pool near 4th dam near 19, X1.63 210 7.1 7.7 30.0 clear
Afobaks, no vegetation
same locality, effluent 25. XI.63 225 7.2 - 3.0 clear
(alkalinity 1.0)
pool near 4th dam, with 19. XI.63 100 6.4 1.9 30.0 dark yellow
dead trees (alk. 1.0)
same locality 25, X1.63 102 6.2 2.0 3.0 dark yellow
pool with dead trees on
road to 4th dam, A 25. XI.63 60 - 6.0 3.5 27.5 yellow
same locality, B 17.X11.63 54 6.5 - - ysllow
pool with dead trees on 25. XI1.63 80 6.4 3.2 2.5 grey
road to 4th dam, B - '
same locality 9, XI.63 65 6.4 5.6 - grey
pool with dead trees on 25. XI1.63 62 6.6 - - grey
road to 4th dam, C
rainvater at Afobaka 14. XI.63 7 4.1 - - colourless
the same 9.XI1.63 7 4.5 - - colourless
oxydation pond at Afobaka 9. I.64 180 6.6 0 - dark green
grass swamp at Coropina, 28. VI.64 28 5.7 - - -
near Republiek
old branch of Surinaa 30. I.64 20 3.1 - - -
River, near Republiek
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TABLE 8
ELECTRIC CONDUCTIVITY IN BROKOPONDO LAKE

at different depths near Afobaka, Sta.l, 1964 (in p 8)

Depth 20.vI1, 21.v11. 24.v11.
o = 28 2 27
15w 28 27 27
2.5m 35 34 35
3.5. 30 28 2
45w 3t 29 29
5.5m 3t 29 29
TABLE 9

ELECTRIC CONDUCTIVITY IN BROKOPONDO LAKE

at different locslities, 1964 (in p 8)

Locality 16.V1, 17.v1. 19.VI. "21.VI, 24.VI. 2.VII. 7.VIL.
FKoffiekanmp, left bank 25 24 2% 24 2 24 2%
Yoffiekamp, midst 26 24 25 26 26 24 26
Koffiekamp, right bank 27 26 26 25 25 26 25
Afobaka, in the middle 26 2% 25 25 25 25 24
Afobaka, in the forest 27 25 26 25 26 i 24
Saddle dam, East 26 25 26 25 25 25 24
bottle with filamentous 72 . 150 225 250 275 300 290
slgae
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TABLE 10

OBSERVATIONS IN A LENGTH SECTION OF THE LAKE, 29/30.IV.1964

-s

-

3

Locality

Beerdotti
Geltoesi
iSaidagoe
Kabel-S
Kadjoe
hloesoebanjy
hloesoebanjy
Koffiekamp
Rfobaka

id

.

colour brown brown brown brown green gresn green flocky flocky flocky flocky flocky
brown brown brown brown brown

% . 0.3 3.2 31.0 32.0 32.0 30.3 29.8 - - 30.4 - 3.2
ug Oz/l _ 7.1 7.3 6.8 6.9 6.9 4.5 2.6 - - 2.5 - 4.6
detritus such few few scarce acarce iron = dron iron diron flocky flocky
bact. bact. bact., bact., matter matter
TABLE 11

OXYGEN CONTENT AT AFOBAKA, 17.IV.1964

open water and smongst trees

left bank, about 30 m in the forest 1.8 ng/l

left bank, nesr border of former river bed 2.9 mg/1

in the middle of former river 3.2 mg/1

right bank, near border of former river bed 3.4 ug/1

right bank, about 50 m in the forest 4.0 ng/1

TABLE 12
OXYGEN CONTENT IN PORMER SARA KREEK, 17.1IV.1964

open vater near former Suriname River 3.7 mg/1
in the forest, open space 3.8 ng/l1
500 m further, opsn water . 4.1 ng/1
500 m further, open water 2.8 mg/l
500 m further, open water 2.0 mg/1
500 m further, open water 2.3 mg/l
1000 m further, open water 2.5 ng/1
1500 m further, open water 2.7 wg/t
2500 m further, open water 1.7 wg/l
same station, right bank, in forest, open, 2.2 mg/1
much filamentous algae
same station, left bank, in forest, -hady.. 1.5 mg/1

few filamentous slgae
1000 & further, station Saras, open water 1.8 ng/1



135

TABLE 13
DECREASE OF OXYGEN IN BOD-BOTTLES .AT AFOBAKA SAMPLED 26.XI.1963
Localicy 26.x1. 29.XI. 29.XI.
dark light
Suriname River 7.0 4.3 5.8
forest swamp 4.8 2.0 3.6
open swamp 8.0 3.8 5.3
oxydation pond 9.1 0.0 2.8
TABLE 14
DECREASE OF OXYGEN IN BOD-BOTTLES SAMPLED 9.I.1964
(0z in mg/1; bottles kept in the dark)
Date Suriname River Sara Kreek forest swamp open swamp
9.1. 6.4 6.0 5.6 3.4
10.1. 6.6 5.2 5.0 2.4
11.1. 6.4 5.0 4.8 2.8
12.1. 6.3 5.0 4.1 2.6
14.1. 6.1 5.3 0.4 0.9
16.1. 4.9 5.4 1.8 0.3
TABLE 15

DECREASE OF OXYGEN IN BOD-BOTTLES AT AFOBAKA SAMPLED 15.1.1964

(0z in mg/1; bottles kept in the dark)

Depth Suriname River, 1S5.I. after 3 days
0 = 7. 7.3
1.5m 7.4 6.2
2.5m 7.3 6.7
40m 1.7 6.4
55m 7.7 5.5
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TABLE 16
DECREASE OF OXYGEN IN BOD-BOTTLES AT AFOBAKA IN THE TRANSITION PERIOD, 1964

(02 in mg/1; bottles kept in the dark)

Depth 25. 111, 28,111, 1.1V, [ A s.Iv. . LIV,

[ 1.9 1.0 2.9 2.1 4.2 2.8

1.5 1.9 0.9 2.7 2.0 2.2 1.0

2.5m 1.2 0.6 2.1 1.6 0.4 0.0

4.5 m 0.0 0.0 0.0 0.0 0.0 0.0
TABLE 17

DECREASE OF OXYGEN IN BOD-BOTTLES AT AFOBAKA AFTER RESTABILIZATION, 1964

(0z in mg/1)
Depth 20.V. 23.v, 23.v. 24,VIIL. 27.VI11.
dark light dark
0 = 3.9 0.0 0.0 6.6 2.5
1 = 3.4 0.0 0.0 5.8 1.3
1.5= 2.8 0.0 0.0 - - -
2 = - - - 2.9 0.0
25w 0.0 - - - -
3 - - - L. 0.0 -
Depth 24.V. 26.V. 27.v, 28.V. 29.V. 30.v.
Om 7.3 dark 4.0 2.7 1.9 0.1 - 0.1
light 5.3 4.6 5.0 7.6 6.6
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TABLE 18

DECREASE OF OXYGEN IN BOD-BOTTLES BETWEEN AFOBAKA AND KABEL, 1964

(o2 in mg/1; bottles kept in the dark)

Date Afobaka Koffiekamp Al banja N. Al banja S. Kadjoe Kabel
12.111. 1.5 2.3 4.8 7.7 8.5 9.2
after 3 days 1.5 1.4 4.7 4.8 5.3 9.1
18.111. 1.0 1.1 3.7 5.6 6.5 7.4
after 3 days - 0.6 3.3 4.7 6.1 - 7.0
25.111. 1.9 4.0 6.5 7.7 8.6 7.5
after 3 days 1.0 4.6 5.3 6.6 7.2 6.6
1.1V, 2.9 3.0 3.7 4.7 S.4 6.5
after 3 days 2.1 2.4 . 3.3 3.9 4,2 5.4

TABLE 19
DECREASE OF CXYGEN IN BOD-BOTTLES AT KABEL, 1964
(()2 in mg/1; bottles kept in the dark)
Depth 9.11. 26.1II. 4.I1I. 11,111, 18.111. 25.1I11. 1.1V, 8.1V,
Om 9.0 s.? 8.2 10.0 7.4 7.3 6.5 6.1
after 3 days 6.5 6.5 6.5 6.0 7.0 6.6 5.4 4.0
1.5m 10.2 9.2 1.4 9.7 7.5 7.5 5.4 6.1
\ after 3 days 6.5 6.7 6.5 6.0 6.1 6.9 4.7 3.5
2.5m 10.8 7.9 8.1 8.2 7.0 8.0 &4 2.4
after 3 days 6.5 6.8 6.4 6.0 6.2 6,9 4.0 1.4
45w 8.8 7.7 7.0 6.9 7.2 6.6 3.7 2.2
after 3 days 7.0 6.8 6.5 - 5.6 6.3 6.9 3.2 1.4
6.5m 7.5 7.6 8.3 7.3 7.2 6.7 2.9 0.0
after 3 days 5.8 6.9 6.2 6.0 6.4 7.3 2.5 0.0
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TABLE 20

(02 ia ug/1)
Depth 20.V. sfter 3 days 24.VII1I. after 3 days
dark light dark
On 1.7 0.0 0.0 3.9 1.0
im 0.1 0.0 0.0 2.3 1.0
2m 0.0 - - 1.4 0.0
im - - - 0.0 -
JABLE 21
CHEMICAL DATA
(Analyzed by the Centraal Laboratorium, Paramaribo)
1963 Sara 4.XII. - Afobaka 7.XII.
Om Om
Ccl mg/1 5 3
Ca wg/l 4.5 . 2.6
o, ng/l 15.0 13.5
|wo3 hardness 1.5 0.7
total hardness °p 1.3 0.4
Pl 6.9 7.1
ms, mz, mi‘. Po‘ and so‘ not detectable.
1.IV. 1964 Afobake Afobaka® Kadj o’ Kabel Locus
om 6.5m On Om Om
Te ng/1 0.2 0.4 1.0 1.0 1.0
mno‘ ng/l 1.6 2.1 2.3 2.0 2.1
total hardness °p 0.45 0.60 0.45 0.5 0.9
PH 5.6 5.6 5.6 5.6 5.6

ro‘ all strongly positive; Cl, loz. l'll‘. SO‘ and nzs not detactable; samples colour—-

less and ecentles

’mlyu. from 'Sunevo', Parsmaribo:
Afobske, 6.5 m: PO, 2.4 mg/L, $10, 11.0 mg/1, N0, 0.5 ng/1.

Kadjoe, 0 m: llo3

1.0 mg/1.
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TABLE

22

CHEMICAL DATA

(Analized by the Centraal laboratorium, Parsmaribo)

30.1V.1964 Afobaka Afobaka Beerdotti Saidagoe Saidagoe
om 17.5m [ ] Oom 5.6m
PO‘ ng/1l - - 1.0 1.0 1.0
n03 ‘mg/l 0.03 0.06 0.05 0.13 0.10
Fe g/l 0.3 0.8 0.2 0.7 0.9
K00, mg/1 - - 13.7 - -
AFOBAKA 20.V.1964
Depth in m 0 1.5 2.5 4.5 6.5 8.5 " 10.5 12.5 14.5 16.5
e mg/l 0.69 0.64 0.66 1.23 0.66 1.00 1.02 1.00 1.45 1.82
IOS ng/l 0.5 1.5 2.0 0.5 0.5 1.0 1.5 1.0 1.0 1.2
Pob mg/1 0.48 0.44  0.40 0.60 0.48 0.82 0.60 0.66 1.00 1.08
80‘ g/l 0.0 - - - - - - - - 0.0
AFOBAKA 3.VIII,1964
Depth inm | O 1.5 2.3 4.5 6.3 8,5 10.5 12.5 14.5 16.5 8.5 20.5 22.5 24.5
ma =g/l 12.0 1.5 1.0 1.5 2.0 0.0 1.5 0.5 1.3 1.5 1.3 05 0.5 1.3
PO‘ =g/l {0.7 0.8 0.8 0.8 1.0 0.8 0.8 0.8 0.8 1.2 0.8 16.8 1.5 1.0
S0, mg/l {0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 50 0.0 1.0
mno‘ wg/l [27.3 28.9 - 30.7 27.3 25.3 28.8 30.0 30.7 28.1 31.0 29.1 27.9 27.9
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TABLE 23

PHYSICO-CHEMICAL DATA OF BROKOPONDO LAKE AND SURINAME RIVER, April 1968

temperature in °

[
-
LI ]

chlorid conteat in mg/l

"
L]

electric conductivity in p 8 (micro Siemens)

02 = oxygen content in mg/l

oxygen in BOD-bottles kept in the dark; Dl. D2' 03 = after |, 2, and 3 days.
L = oxygen in BOD-bottles kept in light; l'l‘ !.2, L3 = after 1, 2, and 3 days.

9 April  AFOBAKA, 10 h. , 13.45 h.
On O,= 3.8 20 m 0,= 7.8 t = 29.0
im 4.2 2n 5.8 29.2
Sm 3.7 24 m 7.0 29.0
7m 4.2
Sm 4.6
1= 5.2
13m 5.2
15m 6.4
17a 5.1

11 April  APOBAKA, 10.30 h. (cloudy)

0m te29.1 0,=47 D =36 .Dy=l.2
Sm 28.6 4.8 3.6 2.5
10n 28.2 4.8 2.2 0.1

15 m 27.8 7.0 5.8 0.3
20w 27.6 7.0 5.4 0
25w 27.2 5.0 3.2 °
0 27.% 2.6 - -
sa 27.0 3.2 - -
6o 26.9 3.4 1.2 -
KABEL, 13.15 h. (sun)

. 0w t=302 0,=68 D =56 Dy=4&0
Sm 29.6 7.1 5.7 4.7
10a 28.8 5.2 1.8 0.6
15m 28.0 6.1 4.6 2.2
20mn 28.2 1.4 6.0 3.2
5. 27.8 7.3 4.6 2.8
SARA, 12 h. (cloudy)

Om t=20.7 0,=7.5 D =52 D, =56

5n 29.0 6.6 5.8 4.9

0m 28.5 5.2 0.8 0.3 -
15m 27.9 6.5. 5.0 0.4

20m 27.3 7.8 6.5 0.3

25m 27.0 8.8 6.4 0.2

0 m 27.1 5.2 2.0 0

~ RAILROAD POINT 3, 15 h. (cloudy)

Om t=31.0 0, = 4.4 D, = 2.9 D, =0
2.6 2

2a 9.4 2 35 1 3.



12 April

14 April

15 April

16 April

17 April
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TABLE 23 (continued)

LOCUS, 10.30 h. (sun)

Om t=31.8 02-6.0
5o 29,7 6.0
0mn 28.9 4.6
15m 28.0 5.2
20m 27.6 3.6
2% m 27.2 7.5

o

OO OWW

SIKAKOEMPOE, 13 h. (umany Eichhornia,

Omn t= 338 02-3.3
5m 29.5 2.1
8n 29.2 2.8
PHEDRA, 15 h.

02 - 0.6
BERG EN DAL, 16 h.

02 =0.8

GRANKREEK, 11.30 h. (sun)
Om t=2320 0,=57
c /29, 6.1

5m 9.3

10 29.0 4.8
5 29.0 6.5
17Ta 28.2 6.2
BEDOTTI, )4 h. (sun)

0m t= 33,1 02-5.8
Sm 29.5 4.8
0m 28.7 4.8
I5Sm 28.1 5.6
18m 28.5 2.0

D,

2

AFOBAKA, 15.30 h, (wind, clouds)

Om t=30.8 0z =7.0
S5m 28.8 5.9
10m 28.2 5.0
15m 28.0 5.3
20m 27.6 6.4
it 27.3 6.7
Nn 27.2 1.2
kLR Y 27.9 1.6

SARA, 14 h. (sun)

Om t=231.2 02-6.9
5u 29.3 8.2
10m 28.7 6.9
15m 28.1 6.5
20 m 27.3 6.6
B m 27.7 6.1
Vo 27.5 2.7

L

3

1.8
0
0

won

[-X-N-N-N-N-XTEV]

w e

[-R-X-N-N-E N 3

pH = 6.7 K=70
6.5 70
6.0 77
5.9 99
5.9 94
5.9 115
algal mats, no wind)
pi=6.2 K=56
6.0 62
5.8 T4
D,=4.2 pHe6.6
5.3 6.2
4.2 6.0
3.4 5.9
- 5.9
l)2 = 2.8 pH=6.4
4.0 6.2
1.0 6.0
0 5.8
0 5.9
DS « 5.0 pH=6.9
4.8 6.5
0 5.9
0 5.9
0 5.9
0 6.0
0 6.0
0 6.0
Da = 3.1 pH=7.0
- - 6.8
0 6.3
0 6.0
0 5.9
0 5.8
0 5.9

cl

[43

1

¢l

oo w

~0 oo w
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TABLE 23 (continued)

18 April  BAY AUXILIAIR DAM 4 (sun)
Om t=31.5 02-7.6

25w 28.8 5.2
5a 28.1 0
0. 27.9 0
5. 26.9 0
19 April  KABEL, 15.45 b. (cloudy)
Om 0,=6.9 L =67 D, =6.
25 2 5.8 2 60 2 6.
S 5.4 6.0 5.3
10n 6.6 0 0
15 m 7.9 5.5 4.3
20a ) 0 0
23a o 0 0

23 ‘April POKIGRON, 4.40 h. (cloudy, rain storms 16 - 17 h., gauge 4.40 m, high water)

8 h. 10h., 12h. 14h. 16h. 18h. 200,
0 = t =259 26.0 2.2 27.0 26.9 26.4 2.4 pH=5.6
2.5m 25.8 26.5 26.3 27.1 27.0 26.3 26.2
0 =m 02- 6.4 6.3 6.6 6.2 6.8 6.0 5.9 K=21
25m 7. 6.7 6.5 6.8 6.4 6.6 6.\1 .

24 April MAMMADAM, 9.45 h.
0 = t = 26.4 02-7.1 D‘-S.O ph =55 Ke22

25 April MAMMADAM, 9 h.

0 = t = 26.5 02-

7.3 D
9.5m 26.5 1.5

3-6.I

ADEWAL, 9.30 h. (planktom browm) .
0 = t=27.3 402-6.3 D3-5.l pi=56 K=21

2.5m 27.0
5 = 27.0 7.7
10 = 26.9 7.4

PANPANTIRI, 10.15 h. (plankton green)
n t=29.4 O =53 pi=35.6 K= 22

=111 D
S = 2721 % 68 * s
15 = 26.8 10.2 7.2
27 april REDIDOTTI, 11 h.
0 = €£=38 0,236 D =1.6 pH=57 K=3b
2.5 29.2 3.3 2.3
A 29.1 3.5 2.4
10 = 28.0 5.t 1.6
STATION 8, 12 h.
0 m £e3l1l 0,e61 D,=27 pEe62 K=38
5 = 29.8 3.0 -
10 = 28.7 .9 0.9
15 a 28,0 3.7 °



143

TABLE 24
DAILY FLUCTUATIONS OF TEMERATURE ARD OXYGEN AT SARA, 29.IV.1968
4+ = living crustaceans

02- oxygen content in mg/l  (+)* no living crustaceans observaed
~ ® no crustaceans cbserved

8.15h (sun) 10.30h (sun) 12.30h (sum) 14.30h (sun) 16.45h (sun)  18.45h (dark)

::"‘: % o, % o % o, o, % o, °% o,
1) 30.0 5.7 31.2 6.7+ 3.4 7.1+ 32,5 7.0+ 31.77.2 ¢ 30.5 7.1 :
2.5 30.0 6.5 31.3 6.5+ 31.0 7.0+ 31.6 7.2+ 30.37.1 ¢ 28.9 6.0 -
5 29,2 0.4 30.3 3.1+ 30.5 4.0+ 31.0 4.6+ 29.74.6 « 28.0 4.4 -
10 28.5 0 295 0 t 29.4 3.9+ 29.9 4.8+ 28.75.5 1 28.1 4.8 -
15 28.3 0.3 28.9 0 1t 28.6 4.9+ 29.0 6.8+ 28.17.1 1? 27.5 5.9~
20 29.3 3.2 2.3 0 =~ 28,6 5.1t 290 7.0+ 27.88.6 ? 27.2 S.9 -
25 29.8 5.8 30.1 5.0« 28,0 9.67 28.4 7.07 27.43.7(+) 27.0 4.0—
30 27.7 © - 279 2.6 27.31.6 26.6 1.8 -

TABLE 25
DAILY FLUCTUATIONS OF TEMPERATURE AND OXYGEN AT AFOBAKA, 21.IV.1968
0, oxygen content in ng/1 + » living crustaceans
(+)= no living crustaceans observed
£ = gas bubbles and H,S = = no crustaceans observed
8 h (rain) 10 b (rain) 12 h (rain) 14 b (sun) 16 b (cloudy) 18 h (rain)
Depth
° [ 0 ) o °
am c 0, c 0, c 0 c o, ¢ 0, c 0,
0 28.55.9+ 28.2 7.0+ 28.36.3 +# 29.06.5 + 29.4 6.9 + 28.56.9 +
2.5 28.55.8+ 28.2 6.3+ 28.36.1 + 29.16.0 ¢ 29.06.9 + 28.76.1 +
5 28.1 0.9+ 28.0 1.0+ 28.21.5 + 28.94.8 ¢ 29.46.5 <+ 28.4 5.7 ¢
10 27.7 0.3 - 27.6 0.8~ 28.56.0 + 28.21.1 + 27.90.7 + 27.6 0 +
15 27.00.5~- 28.0 1.0+ 27.01.0 + 27.50.9 + 27.20.7 + 28.25.9 +
20 26,6 0 - 28,1 6.1~ 28.01.2 + 27.30.4 ¢+ 28,554 «+ 26.6 0 +
25 27,20.7+ 28,0 6.4+ 28.16.1 ¢+ 2680 f£- 28.01.5 + 28.1 6.1 +
30 27.5 5.8+ 27,9 6.2+ 2600 £(+) 26,60 £~ 26.10 f-~ 26.00 £~
35 27.4 0.7+ 25.8 0 £+ 2590 £(+) 26,60 f£- 26.10 £~ 26,6 0 £(+)
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TABLE 26
PHYSICO—CHEMICAL OBSERVATIONS AT SARA, LOCUS, BEDOTTI, KABEL AND AFOBAKA, 30.IV.1968

02 = oxygen content in wmg/l

l)3 = oxygen in BOD-bottles kept in the dark after 3 days
K = electric conductivity in p S (micro Siemens)

8 = Secchi-disc in m

SARA, 10.30 h (sun) LOCUS, 11.30 h (sun) BEDOTTI, 13.15 h (sun)
° ° °
c o, D, pH K c o, g X c o0, D, B X
om 30.5 7.6 2.7 6.2 35 31.2 7.0 6.3 40 32.0 7.3 2.0 5.8 27
5m 30.3 4.4 4.0 6.0 34 30.7 6.7 - 6.3 38 30.0 3.9 3.0 5.8 26
10w 30.0 4.9 - 5.9 44 29.3 5.9 5.9 46 29.3 5.8 2.0 5.7 26
5a 29.35.40 5.8 60 28.5 6.5 5.7 70 28.6 5.8 3.9 5.6 25
0= 29.0 7.70 3.8 65 28.8 8.0 5.7 78 28,3 7.1 5.0 5.5 23
25nm 28.57.80 5.8 80
0= 28.2 -~ 0 5.8 80
8= 3.25 8§ = 3.00 8=2,2
KABEL, 15.45 h (cloudy) AFOBAKA, 16.45 h (rain)
o °

c 0, P K c 0, D, p X

Oom 32.0 7.3 6.4 33 0.5 6.5 4.9 6.2 35

Sm 30.2 7.2 6.2 33 28.4 3.7 2,3 6.2 37

w0 2.1 4.6 5.8 32 28.0 4.9 0 6.1 39

15=a 28.3 6.6 5.6 34 27.4 4.9 [ 5.8 35

Wn 28.1 7.4 5.6 3 21.0 9.6 0 5.9 43

Fi 26.9 5.3 0 5.9 86

0o 26.6 - ] 6.0 100

§ = 3.00 5= 2,00
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(continued)

Desmidiaceae

Closterium

Desmidium swartzi
Hyalotheca mucosa
Micrasterias arcuatus
Micrasterias brasiliensis
Penium

Cosmarium
Cosmocladium
Euastrum
Gonatozygon
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Podostemaceae (pieces)
sponges spicula

Plumatella zooecia
veliger

Hydracarinae

Nematoda
Odonata eggs



Table II. Plan} from the Sa.

—
1 = Boslanti, 7.1V,

II = Boslanti, little forest stream, 7.1V,

III = Grandam, 8.1V,
IV = Pakka Pakka, 8.1V,
V = Paudam, %.1V.

Crustacea
Alona
Bosminopsis deitersi
Bosmina
Chydorus sphaericus
Cyclops
Diaphanosoma brachyurum
Diaptomus
Harpacticidae
Moina
Rotatoria
Ascomorpha saltans
Brachionus falcatus
Cathypna
Filinia longiseta
Hexarthra insulina
Keratella americana
Lecane ludwigi
Lecane
Monostyla bulla
Platyias patulus
Polyarthra
Sinantherina
Testudinella brycei
Testudinella patina f. lobosa
Trichocerca bicarinatus
Trichocerca indet,
Protoszoa
Arcella
Centropyxis
Difflugia
Euglypha
Heliozoa
Lesquereusia
Opalina ?
Flagellata
Dinobryon
Eudorina elegans
Euglena acus
Euglena oxyuris
Euglena indeterm,
Synura uvella
Trachelomonas armata
Chlorophycea
Ankistrodesmus falcatus
Coelastrum cambricum
Dictyosphaerium pulchellum
Franceia ?
Kirchneriella obesa
Microspora ?
Mougeotia
Pediastrum duplex
Desmidiaceae
Closterium kuetzingii
Closterium indeterm.
Cosmarium spec, 1
Cosmarium spec, 2
Euastrum
Gonatozygon mucosum
Micrasterias arcuatus
M. mahabhalaruswensis
Micrasterias indeterm.
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VI = Loekoesoeckondre, 9.1V,
VIl = Awarradam, 4,1V,

VIII = Dramhosso, 9.1V,

IX = Apaugo, 10.IV.

X = Pikien Saramacca, 10,1V,
XI = Kwakoegron, 10.1IV.

vV VI v vim X X
1 - - - - -
- 1 - - 1 1
- - - - - 1
- - 1 - - -
- - - - - 1
1 - - - - -
1 - - - - -
1 - - - - -
N - 1. - - 1
1 - 1 . . -
1 2 1 - 1 -
- - 1 - - -
- - - - - 1
- - - 1 - -
- - - - - 1
1 1 [T} 1 1
1 1 - - 1 -
1 - 1 - - -
1 1 1 - - .
- - - - - 2
1 2 1 1 1 1
- - - - - 1
- 1 - - - -
2 2 2 2 2 3
- - - 1 - 1
- 1 - - - 1
- - - . - 1
- 1 - 1 2 -
- - - . - 2
1 1 T 2 3 -
1 - - 1 1 1
1 - -1 . -
1 1 1 2 2 1
1 1 3 2 4 3
- - - - - 1
- - 11 1 1
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Table II, (Continued) Plankton from the Saramacca River (1964)

Pleurentaenium
Sphaerozosma granulatum
Staurastrum minnesottense
Staurastrum indeterm,
Cyanophyceae
Oscillatoria
Merismopedium
Spirulina
Diatomeae
Diatoma X
Eunotia asterionelloides .
Melosira granulata
Nitzschia
Pinnularia
Rhizosolenia eriensis
Surirella

Actinospora (Fungi imperfecti)
cercariae

Chaoborus

Chironomidae

detritus (3=much, 4=abundant)
Ephemerida

iron bacteria

Odonata eggs

Plumatella zooecia
Simulidae

sponges spicula

Trichoptera
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Table III. Plankton from the Tibiti and Coppename Rivers (25,1. 1964)
—

Tibiti 1 hour Tibitd Tibiti near Coppename
upstream Sabana swamp Sabana near Tibiti

Crustacea
Alona intermedia
Bosmina
Calanoid Copepods
Chydorus
Cyclops
Diaptomus
Scanholeberi

DR B
R R A I )

- ) el )
LRI N}

2oca larvae
Rotatoria

Cathypna luna

Cephalodella

Filinia longiseta

Hexarthra insulina

Lecane

Lepadella cf. branchicola

Monostyla bulla

Trichocerca bicarinatus

Trichocerca indeterm.
Protozoa

Arcella

Difflugia

Euglypha

Heliozoa
Chlorophycea

Dictyosphaerium pulchellum
Desmidiaceace

Closterium acicularis

Cosmarium

Micrasterias arcuatus

Micrasterias indeterm.

Pleurentaenium
Diatomeae

Actinocyclus normanni

Coscinodiscus

Diatoma

Eunotia asterionelloides

Melosira granulata

pénnatae indeterm.

Pipnularia

Pleurosigma ?

Surirella

Synedra
Cyanophyceace

Oscillatoria
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Ephemerida larvae
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Table IV. Plankton from four rivulets crossing the road Afobaka-Brownsweg {26.XI. 1963)
——

Crustacea »
Alona
Harpacticidae
Ostracoda
Rotatoria
Cephalodella gibba
Dipleuchlanis propatula
Euchlanis dilatata
Lecane stenroosi
Lecane indeterm.
Lepadella patella
Monostyla quadridentata
Rotifer neptuneus
indeterm.
Protozoa
Arcella
Chlorophycea
Batrachospermum
Mougeotia -
Spirogyra
Zygnema
Desmidiaceae
Closterium
Euastrum
Pleurentaenium
Staurastrum
Diatomeae
Fragilaria construens
Surirella
Synedra ?
pennatae
Cyanophyceae
Oscillatoria
Lyngbya
Rivularia ?

£,

Actinospora (Fung! imp
Doryssa

fish

mosquito larvae
Nematoda

Odonata eggs
Oligochaeta
Plecoptera ? larvae
tadpoles
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Table V. Plankton from Carolina Kreek and Compagnie Kreek (1963)
——

Carolina Kreek Compagnie Kreek
16, XI. 7. X11., 20, X1,

Crustacea
Alona -
Cyclops
Harpacticidae
Rotatoria
Cathypna luna
Cephalodella mucronata
Conochiloides coenobasis
Dinocharis pocillum
Diurella
Filinia longiseta
Lecane stokesi
Lecane indeterm,
Macrochaetus
Monommata longiseta
Monostyla bulla
Monostyla quadridentata
Platyias quadricornis
Trichocerca
indeterm.
Protogoa
Arcella
Heliozoa
Chlorophycea
Characium
Mougeotia -
Spirogyra
Diatomeae
Diatoma
Fragilaria capucina
Surirella
Synedra
Desamidiaceace
Desmidium
Closterium
Euastrum
Pleurentaenium .
Sphaerozosma granulatum
Cyanophyceace
Oscillatoria . - -

-
N

F med ) e ] b ) )
B0t NS e )

R R R RN B B R B R |

[ T b o
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SN -
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e e N

Actinospora (Fungi imperfecti)
Chlamydomonas

Nematoda

Pristina longiseta

- e
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Table VI. Plankton from Witte Kreek and 229 Kreek near Kabel (18.11. 1964)

Witte Kreek 289 Kreek
deeper part,

shallow part dead leaves

Crustacea
Alona
Bosminopsis deitersi
Ceriodaphnia cornuta
Chydorus sphaericus
Diaptomus
Moina
Rotatoria
Anureopsis fissa
Ascomorpha saltans
Brachionus mirabilis
Filinia longiseta
Keratella americana
Lecane ludwigi
Lecane indeterm.
Lepadella patella
Macrochaetus
Monostyla bulla
Mytilina mucronata
Pedalion mira
Polyarthra
Platyias quadricornis
Testudinella patina
Testudinella brycei
Trichocerca similis
Protozoa
Arcella sp. 1
Arcelia sp. 2
Difflugia
Flagellata
Eudorina elegans
Euglena
Rhipidodendron huxleyi
Trachelomonas caudata
Trachelomonas armata
Chlorophycea
Spirogyra
Desmidiaceace
Closterium
Cosmarium -
Docidium -
Diatomeace
Eunotia asterionelloides 1
Surirella -
Cyanophyceae
Oscillatoria 1
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Actinospora (Fungi imperfecti)
cercariae

Ceratopogon

Ephemerida

Leptothrix ?

mosquito larvae

Nematoda

sponges spicula

Plumatella zooecia
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Table VII. Plankton from forest swamps, grass swamps and pools at Afobaka Plant (1963)
——

forest grass grass swampwith swampwith oxydation
swamp swamp swamp stumps Typha pond
22. XI. 22. XL 17. XIL 22.XI1L, 20. XI. 1. X1,
Crustacea
Cyclops - 1 - 1 - -
Daphnia - - - - - 1
Moina - - - - 1 -
Rotatoria
Anureopsis fissa 1 1 1 1 1 -
Asplanchna - - - - - 1
Brachionus calyciflorus - - - - 1 -
Conochiloides coenobasis - - - - 1 -
Dinocharis pocillum - - - - 1 -
Eudactylota eudactylota 1 - - 1 1 -
Filinia longiseta - - - - 1 1
Keratella americana - - 1 - - -
Lecane - - - - 1 -
Monostyla bulla 1 - - - - -
Platyias patulus - - - - 1 -
Polyarthra - 1 2 1 2 -
Trichocerca similis - 1 - - 1 -
Rotifer neptuneus - - - - 1 -
Rotifer indeterm. - - - - 1 -
Protoszoa
Arcella 1 - 1 - 1 -
Vorticella - - - - - 1
Flagellata
Eudorina elegans - - - - 5 -
Euglena spirogyrae - - 1 - - -
Euglena indeterm. 1 2 2 - 1 1
Gymnodinium - 1 - - - -
Lepocinclis - - - - - 3
Phacus torta - - - - 1 3
Phacus aenigmaticus - - - - - 1
Phacus indeterm. - 1 1 - 1 1
Synura uvella - 1 - - 1 -
Trachelomonas armatum 1 - v 1 1 1 3
Trachelomonaa volvocina 2 1 2 1 1 -
Tr, acanthophora {, speciosa - - 1 1 - -
indeterm, - - - - - 3
Chlorophycea
Actinastrum hantzschi - - - - L. 1
Botryococcus brauni - 2 3 - - -
Coelastrum cambricum 1 3 3 1 - -
Kirchneriella obesa - 1 1 - - -
Mougeotia 3 - - 1 - -
Pediastrum duplex 2 4 4 1 - -
Scenedesmus arcuata 1 - 1 - - -
Selenastrum gracile 1 1 1 - - -
Sorastrum spinulosum - 1 - - - -
Spirogyra 1 1 1 - - 3
Desmidiaceae
Closterium 1 1 2 - 2 -
Cosmarium - - 1 - - -
Desmidium laticeps 1 - - - - -
Euastrum 1 - 1 - 1 -
Micrasterias brasiliensis 1 3 4 1 - -
Micrasterias arcuatus 1 - - - - -
Micrasterias truncata 1 - - - ‘- -
Pleurentaenium - - 2 1 - -
Staurastrum inaequale - - g - 1 - -
Staurastrum ophiura - 1 1 - - -
Staurastrum indeterm. 1 1 1 1 - -
Sphaerozosma granulatum - - - - 1 -
Diatomease
Pinnularia viridis 1 - 3
Surirella - 1 - - - -
pennatae indeterm, 2 - 2 1 1 -
Cﬂ'anophycele
Oscillatoria 3 1 1 - - 3
Microcystis - - - - - 1
Spirulina 1 1 1 1 - -
Actinospora (Fungi imperfecti) - - 1 -
Gastrotricha 1 1 -
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Table VIII, Plankton from forest swamps, ?rau swamps and pools

——— East of Afobaka at the 4th dam (1963)
pool with trees pool A near road  pool Bnear road
19, X1. 25, X1, 25. XI. 17. XII, 25, XI.
Crustacea
Cyclops - - 1 1
Moina : 1 3 - - -
Rotatoria
Anureopsis fissa - - 2 1 1
Filinia longiseta - - 1 - -
Hexarthra insulina - - 2 1 2
Lecane 2 1 - 2 1
Monostyla bulla 2 1 1 2 -
Platyias patulus - - 1 - -
‘Polyarthra 2 1 2 2 3
Testudinella patina - - - 1 -
Trichocerca 1 1 2 1 2
Protozoa
Arcella 1 1 1 1 -
Euplotes - - - 2 -
Difflugia - - - 2 -
indeterm. - - - 3 -
Flagellata
Eudorina elegans 4 4 - 1 -
Euglena acus - 4 - - -
Euglena polymorphum - 3 - - -
Euglena indeterm, 5 - - 3 3
Pandorina morum 1 - - - -
Phacus - - - 1 -
Trachelomonas 4 3 - 3 3
indeterm. - - 3 2 3
Chlorophycea
Chroococcus ? - - 1 - -
Crucigenia - - - - 1
Scenedesmus arcuatus - - 1 - -
Scenedesmus bijuga - - 1 - -
Spirogyra - - 1 - -
Desmidiaceae
Closterium - 1 1 1 -
Cosmarium - 1 2 - -
Euastrum - - 1 - -
Phymatodocis alternans - - 1 - -
Pleurentaenium 1 1 - 2 -
Staurastrum - 1 1 - -
Diatomeae
Pinnularia viridis - - 1 - -
pennatae indeterm. - - 3 - -
Gastrotricha - - 1 - 1
mosquito larvae 1 1 1 - 1
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Table IX. Plankton from Afobaka, Station 1 (1963/64)
Crustacea

Bosminopsis deitersi

Ceriodaphnia cornuta

Chydorus globosus
Chydorus sphaericus

month
day
Bosmina
Cyclops

Alona
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Eudactylota eudactylota

Filinia longiseta

Habrotrocha
Trichocerca bicristata

Platyias quadricornis
Trichocerca similis

Polyarthra

Keratella americana
Rotaria

Lecane ludwigi
Lecane quadridentata

Lecane indeterm.

Lepadella

Sinantherina spinosa

Synchaeta
Testudinella patina

Hexarthra insulana
Monostyla bulla
Platyias patulus
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(2d. continued)
Desmidiaceae

Closteriopsis

Table IX.
Closterium kuetzingii

Closterium indeterm,
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Plumatella zooecia
sponges spicula

mosquito larvae
veliger

Nematoda

Odonata eggs
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Table XI. Plankton from Beerdotti, Station 5 (1964)

—

month April  June July August September
day 30 17 24 19 12 19 26 z2 9

Crustacea
Alona
Alonella dadayi
Alonella i ndeterm.
Bosminopsis deitersi
Cyclops
Diaphanosoma brachyurum
Diaptomuas
Graptoleberis testudinaria
Harpacticidae
Iliocryptus
Moina
Rotatoria
Anureopsis fissa
Asplanchna
Conochiloides coenobasis
Euchlanis
Eudactylota eudactylota
Filinia longiseta
Hexarthra
Keratella ame ricana
Lecane
Platyias quadricornis
Polyarthra
Rotaria
Testudinella brycei
Trichocerca
Protoszoa
Arcella
Difflugia
Euglypha
Heleozoa
Flagellata
Dinobryon
Eudorina elegans
Euglena acus
Peridinium
Rhipidodendron huxleyi
Strombomonas ensifera
Trachelomonas
Chlorophycea
Dictyosphaerium pulchellum
Mougeotia
Scenedesmus bijuga
Scenedesmus indeterm.
Deemidiaceae
Closterium setaceum
Closterium indeterm.
Cosmarium
Euastrum
Micrasterias arcuatus
Schizacanthum
Sphaerozosma
Staurastrum mamillosum
Staurastrum trifidum
Staurastrum indeterm.
Diatomeae
Actinocyclus
Coscinodiscus
Diatoma
Eunotia asterionelloides
Melosira
Rhizosolenia
Stephanodiscus
Surirella
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Table XII
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Flagellata
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(18t. continued)
11

Trichocerca similis

indeterm.
Protosoa
Amoeba

Table XIII.
Arcella

12 12

111

-
-
-
Lol IR

]

-y

1

1

Coleps hirtus

Difflugia
Euglypha

Heliozoa

1

1112 21

32321112 22223 2111

1 -1

1

1

11111

211111

11 22212 3311

12 2222

1231 21111
-1 2

- 1211
1
11

1
1

1 211
22111

1 -

inium

Chlorophycea

Flagellata
Dinobryon soc,var.americana
Ankistrodesmus falcatus

Eudorina elegans

Euglena
Trachelomonas indeterm.

Uroglena americana

Rhipidodendron huxleyi
indeterm.

Tintinnidium

Tokophrya?
Crucigenia rectangularis

Strombomonas ensifera
Trachelomonas caudata
Coelastrum cambricum

Goniumn pectorale
Synura uvella

Lepocinclis
Phacus longicauda

Phacus indeterm.

Pyrobotrys

Mallomonas
Pandorina morum
Perid:

-
L
LN
L
-
-
-
-

-

-
o3 -
-
N -t
-
-
-
(K]
N

-

N -
L )

-t

1

-2

Dictyosphaerium pulchellum

Dimorphococcus lunatus

Franceija?

3 3333 33

1

1111 -

Scenedesmus quadricauda
indeterm. green filaments

Kirchneriella obesa
Microspora?

Spirogyra

indeterm. green colonies

Mougeotia
Pediastrum tetras

Tetraedron



(224- continued)
Desemidiaceae

Table XIII.
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Table XIV. Plankton from Beerdotti to Afobaka (29/30. IV, 1964)
—

Crustacea
Bosmina
Bosminopsis
Ceriodaphnia
Chydorus
Cyclops
Diaphanosoma
Diaptomus
Moina
Rotatoria
Anureopsis
Asplanchna .
Brachionus quadridentata
Collotheca
Conochiloides coenobasis
Filinia longiseta
Keratella americana
Pedalion
Polyarthra
Sinantherina
Testudinella brycei
Protozoa
Arcella
Bursaria
Difflugia
Heliozoa
Microstomum
Flagellata
Dinobryon
Euglena
Eudorina
small flagellates
Gonium pectorale
Peridinium
Pyrobotrys
Strombomonas
Synura
Trachelomonas caud,
Chlorophycea
Dictyosphaerium
Dimorphococcus
Franceia ?
Kirchneriella
Mougeotia -
Scenedesmus bijuga
Spirogyra
Desmidiaceae
Closterium setaceum
Cosmarium
Cosmocladium
Holacanthum
Hyalotheca
Schizacanthum ?
Sphaerozosma
Staurastrum mamillatum
Staurastrum inaequale
Staurastrum minnesotense
Staurastrum
Diatomeae
Eunotia asterionelloides
Cyclotella
Melosira
Rhizosolenia
Surirella

sponges (spicula)
veliger

Beerdotti
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Table XV. Sedimentation plankton in 1 liter water from Station Afobaka (16,1V, 1968)

3 = many specimens
4 = abundant

1 = present
2 = few specimens

5 = very abundant

depth in m:

Crustacea
Bosmina
Cyclops
Diaphanosoma
Ostracoda
Rotatoria
Anureopsis fissa
Filinia longiseta
Keratella americana
Trochosphaera
Protozoa
Arcella
Centropyxis
Flagellata
Dinobryon
Eudorina
Peridinium
Trachelomonas
Volvox
unicellular
indeterm. colonies

bacteria ?
Chlorophycea
Ankistrodesmus
Oegodonium
Scenedesmus

fungi
Desmidiaceae

Closterium kuetzingii

Cosmarium

Desmidium

S taurastrum leptacanthum

Staurastrum leptocladum

Staurastrum sp.

Staurastrum sp.
Diatomease

pennatae
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Table XVI. Sedimentation plankton in 1 liter water from Station Sara (17.1IV. 1968)
——

1 = present 3 = many specimens 5 = very abundant
2 = few speci 4 = abund { ) = no living specimens
depth in m: 1] 5 10 15 20 25 30
Crustacea
Diaphanosoma - - 1 - - - -
Diaptomus 1 - - - - -

Rotatoria
Brachionus falcatus
Collotheca
Hexarthra
Polyarthra
Sinantherina
Synchaeta

Protozoa
Euglypha

Flagellatas
Dinobryon
Eudorina
Peridinium
Trachelomonas
Volvox
indeterm. colonies
unicellular

Chlorophycen
Ankistrodesmus

Desmidiaceae
Closterium kuetzingii
Onychonema
Staurastrum dejectum
Staurastrum leptacanthum
Staurastrum leptocladum
Staurastrum subgrande ?

Diatomeae
Melosira - - - 51 1 -
Melosira-fragments - - - 2 3 EZ
pennatae 1 1 1 - 1
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$ = very abundant

Lake (April 1968)
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many specimens

from B
3=
" 4 = abund

Net
1 = present
2 = few

. Net.

Table XVIL
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Crustacea

Alona sp, 1

Alona sp. 2

Rotatoria

Diaphanosoma brachyurum
Asplanchna

Diaptomus
Polyphemus pediculis

Ceriodaphnia cornuta

Cyclops
Daphnia longispina

Alona sp, 3
Bosminopsis
Harpaticida
Ostracoda

Argulus

Bosmina
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Conochiloides coenobasis

Brachionus falcatus
Euchlanis

Collotheca

Keratella americana

Hexarthra
Lecane

Flagellata

Protozoa
Dinobryon

Arcella
Centropyxis aculeata

Sinantherina spinosa
Diiflugia

Testudinella patina
Trichocerca
Eudorina elegans

Trochosphaera
Peridinium

Platyias patulus
Polyarthra
Lesquereusia

Macrochaetus
Rotaria

Rhipidodendron huxleyi
Trachelomonas

Volvox
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Table XVIL (continued) Net-pl

Chlorophycea
Ankistrodesmus falcatus
Botryococcus brauni
Cladophora ?
Dictyosphaerium
Dimorphococcus lunatus
Mougeotia
Selenastrum gracile
Spirogyra

Desmidiaceae
Closterium kuetzingii
Closterium
Cosmarium
Cosmocladium
Desmidium
Hyalotheca

_Micrasterias brasiliensis
Micrasteri
Micrasteria
Onychonema
Staurastrum leptacanthum
Staurastrum leptocladum
Staurastrum mahabulaswarensis
Staurastrum subgrande ?
Staurastrum
Xanthidium antilopeum
indeterm,

Diatomeae
Surirella
Pinnularia viridis

Cyanophyceacs
Oscillatoria
Gloeocystis 7

Bryozoa

Chaoboris

dragonfly egg

Gasterotricha

ironbacteria

Nematoda

Podostemonaceae fragments
sponges spiculae

green
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PLATE 1

PL 1. Aerial view of the Afobaka area, one and a half year after the closing of the
dam, looking southwest [June 1965].

The photographs of Pls. I, VII, VIIIb and IXb were made available by CENTRAAL
BUREAU LUCHTKARTERING SURINAME; Pls. Ila, VIIIa and IXa by P. WAGENAAR
HumMELINCK. All microphotographs on Pls. X-XVIII are taken by Mrs. H. MEYER.



PLATE I1

Pl ITa. Aloesoebanja rapids, south of Afobaka, with flowering Podostemaceae
(Mourera fluviatilis) [Sep. 1955].
Pl IIb. Aloesoebanja rapids, south of Afobaka, 8 months after the closing of the
dam [Sep. 1964].



PLATE I1I

Pl. IITa. Suriname River, as seen from the dam downwards, a few hours after the
closing of the dam [1.I1.1964].
Pl IIIb. Suriname Grandam rapids in upper course of Suriname River near Ligolio,
Gran Rio, with flowering Mourera [Aug. 1964].



PLATE IV

Pl IVa. Saramacca River near Mamadam [Apr. 1964)].
PL. IVb. Grankreek, a tributary of the Suriname River [Aug. 1964].



PLATE V

Pl. Va. Waterfern (Ceratopteris pteridioides) and duckweed (Lemna valdiviana) in
the Sara Kreek, 6 weeks after the closing of the dam [Apr. 1964].
PL. Vb. Dense film of iron bacteria in the Sara Kreek, 6 weeks after the closmg of
. the dam [Apr. 1964].



PLATE VI

Pl. VIa. Mats of filamentous algae (with gas bubbles) and duckweed in the Broko-
pondo Lake near Koffiekamp [July 1964]. )
Pl. VIb. Waterhyacinth (Eichhornia crassipes) in the Brokopondo Lake near Kabel
[July 1964].



PLATE VII

Pl. VII. Aerial view of Brokopondo Lake, showing growths of Eichhornia around
dead trees [Nov. 1966].



[Oct. 1968].

chemicals during waterhyacinth campaign [Nov. 1966).

Pl. VIIIa. Border of Brokopondo Lake at Locus Kreek
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PLATE VIII




PLATE IX

Pl. IXa. Northern part of Brokopondo Lake [Oct. 1968].
Pl IXb. Aerial view of Brokopondo Lake with trunks of dead trees [July 1969].



i o

2> 5

g
it

Pl. X.Plankton: a. Lake Brokopondo at Afobaka, 19.IV.1968. ( X 75). — b. Lake
Brokopondo at Afobaka, 4.I11.1964 (x 90). — c. Suriname River at Afobaka,
27.XI1.1963 (x 180). Suriname River at Paranam, 16.XI.1963 (x 60)



PLATE XI

Pl. XI. Desmidiaceae (abt. x 100): a. Micrasterias radiata var. brasiliensis,
Afobaka 29.I11.1967. — b. M. radiata, Sara 3.1V.1967. — ¢. M. sp., Afobaka,
29.111.1967. — d. M. schweinfurthii, Beerdotti 8.111.1967. — e. M. radiata, Sara
4.1.1967. — f. M. mahabuleshwarensis, Kabel railroad 19.V.1967. — g. M. laticeps,
L okus 22.111.1967. — h. M. radiata var. brasiliensis, Afobaka 26.1V.1967.



PLATE XII

Pl XII. Desmidiaceae (abt. x 100): a. Staurastrum subgrande, Beerdotti

56.V.1967. ~— b. S. sebalds, Grankreek 14.I1V.1967. — c. S. sebaldi, Beerdotti 22.111.

1967. — d. S. setigerum, Grankreek 4.IV.1967. — e. S. leptacanthum, Grankreek

7.11.1967. — £. S. leptocladum, Afobaka 29.111.1967. — g. S. curvatum, 6.1V.1967. —
h. S. leptacanthum, Afobaka 24.V.1967.



PLATE XIII

a b

c d

e f
L P

g : h

Pl. XIII. Desmidiaceae (abt. x 100): a. Tetmemorus sp., Nickerie River
4.IV.1967. — b. Arthrodesmus convergens, Grankreek 7.11.1967. — c. Xanthidium
trilobum, Beerdotti 15.11.1967. — d. Euastrum spinulosum, Pittipratti 4.IV.1967. —
e. Cosmariumsp. 7, Sara 31.V.1967. —f£. Staurastyum sinuatum, Pittipratti 4.I1V.1967.
— §. S. sinuatum, Pittipratti 4.1V.1967. — h. S. leptacanthum, Afobaka 24.V.1967.



PLATE XIV

PL XIV. Desmidiaceae (abt. 75): a. Closterium sp., Grankreek 13.IV.1967.

— b. C..kuetzingii, Afobaka 26.IV.1967. — c. C. sp., Afobaka 18.1.1967. — 4. Go-

natozygon sp., Lokus 16.1I1.1967. — e. Pleurotaenium sp., Afobaka 11.1.1967. —

f. Micrasterias foliacea, Beerdotti 18.1.1967. — g. Desmidium swarizii, Kabel railroad
19.V.1967. — h. Onychonema sp., Beerdotti 18.1.1967.



PLATE XV

Pl. XV. Chlorophyceae (abt. X 75): a. Spirogyra sp., Beerdotti 1.1I11.1967. —
b. Selenastrum sp., Kabel railroad 19.V.1967. — c. Dictyosphaerium sp., Pittipratti
4.1V.1967. — d. Dimorphococcus sp., Afobaka 26.1V.1967.



PLATE XVI

a b
c d
e f
g h

Pl XVI. Miscellaneous: a. Trachelomonas armatus, Sara 23.11.1967 (x 75). —
b. Strombomonas emsifera, Sara Kreek 23.I1.1967 (x 75). — c. Rhipidodendron
huxleyi, Pokigron 5.IV.1967 (x 75). — d. Saprobic unicellulars, Grankreek 13.1V.
1967. — e. Bryozoa-zoecium, 23.11.1967 ( x 30). — f. Surirella sp., Suriname River,
Mamadam, 3.1V.1967 ( X 75). — g. Diatom. — h. Rhizopod, Lokus 19.11.1964 (x 3).



PLATE XVII

a b
c d
© f

g ' h

PL XVII. Rotifera:a. Asplanchna sp., Grankreek 13.IV.1967 ( x 75). —b. Kera-

tella americana, Koenkoen 3.1V.1967 (x 75). — c. Hexarthra mira, Afobaka 4.1.1967

(x 75). — d. Tyichotria tetvactis, 23.11.1967 (X 75). — e. Testudinella mucronata,

Sara Kreek 23.I1.1967 (x 30). — f. Brachionus quadridentata, Adawai 3.IV.1967

(x 30). — g. Trochosphaera meridionalis, Afobaka 25.1.1967 (X 75). — h. Platyias
patulus, Koenkoen 3.IV.1967.



PLATE XVIII

PL XVIII. Cladocera: a. Bosmina sp., Sara 3.V.1967 (x 75). — b. Ceriodaphnia
cornuta, Afobaka 29.I1.1967 (X 75). — c¢. Diaphanosoma brachyurum, Afobaka
29.111.1967 (x 30). — d. Daphnia sp., Afobaka 4.1.1967 (x 30).



