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ABSTRACT 

Limnological and biological parameters were studied in the southern part of Lake Toba. For the 
first time on this lake a study covers a period of 8 months (February to September 1991). The 
transparency, temperature, dissolved oxygen. pH and alkalinity of the water-column to 450 m

 depth were studied on about 150 samples from 17 stations and are shown in figures. The data show 
that the lake is oxygen and temperature stratified at a depth of40 m to 60 m throughout the 
year. On several stations chemical parameter e.g. N and P were investigated, but as characteris-
tic for oligotrophic lakes mostly not traceable. The results of this research compared with those of 
the Deutsche Limnologische Sunda-Expedition, show some differences probably due to seasonal 
changes in climate. Climatic observations at lake altitude (905 m above sea level) are given for 
1989 through 1991. A sediment sample from 210m depth as well as phytoplankton and zooplank-
ton samples were examined with a Scanning Electron Microscope. Taxonomic work and plankton 
studies will be discussed in a further paper.  
  

1.      Introduction  

Lake Toba is by depth (529 m) in the ninth rank of 
the 253 great lakes of the world (Herdendorf 1990). 
Its elevation is about 905 m. The lake has a total area 
of 1776.6 km2, from which Samosir island has to be 
subtracted (water surface = 1129.7 km2). Van 
Bemmelen (1929) investigated the origin of the lake. 
Until today the research reported by the "Deutsche 
LimnologischeSunda-Expedition" (Feuerborn, 
Thienemann and Ruttner 1928/29) remains the ma-
jor work on the lakes of Indonesia and particular on 
Lake Toba, although the lake was visited only twice 
for a few days each time. The first reports of the ex-
pedition was published by Thienemann (1931) pro-
viding some scientific preliminary observations, 
however it took almost 30 years until the last publi-
cation appeared. For the first time, a comprehensive 
hydrographical and hydrochemical survey on inland 
waters from Java, Sumatra and Bali became available 
through this expedition (Ruttner 1931). Some meteo-
rological observations were reported by Hermann 
(1931). All these investigations yielded a better un-
derstanding of the hydrodynamic regime and on cir-
culation patterns of tropical lakes (Ruttner 1937; 
Imboden 1990). In the present study not all of the 
same parameter investigated during the expedition 
were included here. Two Indonesian surveys, mainly 

regarding fisheries, were carried out by Ondara 
(1969) and Kartamihardja (1987). A review on the 
limnology of Lake Toba was presented by Nontji 
(1990). Besides the research made on physical and 
chemical parameter a series of papers on various 
taxonomic groups of aquatic organisms were pub-
lished. Prior to the German Expedition in 1928/29, 
Richard (1895) described copepods from plankton 
collected by M. E. Modigliani from the lake in 1892. 
The work on free living copepodes of the inland wa-
ters of the Sunda Islands was a more thorough study 
by Kiefer (1933). Drawings of some of these speci-
mens are found in Kiefer (1960) and Kiefer & Fryer 
(1978). Notes on the systematics and ecology of 
c1adocera of Lake Toba and the surrounding were 
written by Johnson (1956). In his zoological results 
of a journey to the Netherland-East-Indies, Weber 
(1892) reports on freshwater crustacea. Arndt (1931) 
and Gee (1930) paid attention to the taxonomic 
group of Porifera. The biodiversity of the Porifera 
was discussed by Simon (1955). Further research re-
sults have been reported on Harpacticida (Chappuis 
1931), Testacea Rhizopoda (Harnisch 1932, 1951) 
and Acari (Viets 1935a,b; Willmann 1931, 1933). A 
wide range of new species of Cyanobacteria from 
the Sunda Islands (Geitler 1933) as well as research 
work on the morphology, taxonomy and ecology of 
cyanobacteria was achieved by Geitler & Ruttner 



   

 

74      RAINER THOMAS  

 
 
 
 
(1933, 1935, 1936). Moreover a comprehensive 
study on the taxonomy and ecology of diatoms was 
realized by Husted (1938a, b), whereas Ruttner 
(1935) as well as Hummel (1931) studied the dia-
toms of the sediment. Considerable information has 
been gained by the studies on daily vertical distribu-
tion of plankton in tropical lakes (Ruttner 1945) and 
by plankton studies of the Sunda-Expedition (Ruttner 
1952). The latest reports in this field were submitted 
to the International Toba Conference in Jakarta 1990; 
these address mainly the hydrology and the lake's 
water level reduction (e.g., Sastromijoyo 1990, 
Soeheod 1990, Zen l990a,b).  
      In the present work on Lake Toba some param-
eters of the Sunda Expedition are re-investigated. 
Despite the comprehensive articles published by the 
participants of the Expedition only little is known 
about the biological aspects of the lake and in par-
ticular its ecology. Unfortunately little scientific at-
tention has been paid on this lake belonging to the 
most oligotroph great lakes in the world. 
     The purpose of this study is to widen the scope 
of knowledge on Lake Toba and to draw attention to 
the pertinent ecological problems facing this great 
lake.  
     Samosir island divides the lake into a northern 
 
 

 
 

 
 
 

 

and southern depression. In this article only the  
southern depression with its smaller adjacent basins 
was investigated, because of the limited time and 
boat facilities. However, for the first time, a long-
term research work on hydrography and plankton has 
been undertaken with samplings covering the rainy 
season from February to June as well as the dry sea-
son from July to October. Seventeen stations were 
realized during the entire period between February 
and September 1991. 
      Meteorological observations were also obtained 
during the cruises and at the base station in Laguboti, 
l0 m above sea level and 500 m off the lake. Particu-
lar during the dry season strong wind blows. Ruttner 
(1931) mentioned waves of about 1.8 m. Although 
the geology of the Barisan mountain has been invest-
tigated and mapped, but there is no map available on 
the depth contour of the lake except the data from 
the Sunda-Expedition and those from the present 
study.  
 
2.      Method  
 
For the cruises a sufficient large barge was hired, that 
was suitable to hold position even during moderate 
gales. General observations on wind and cloudiness 

  

Figure 1.      Depth transect through the  Pangaruran basin, the southern part  
of Lake Toba, the bay of Balige and the Porsea basin (depth in meter)  
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were  recorded for each station. A Secchi-disc of  Ø30 
cm was used to determine the water transparency and 
the temperature was measured with an Amarell pre-
cision thermometer (0-50 °C ± 0.1). Dissolved oxy-
gen was recorded with an electronic oxygen-meter 
(Model: WTW 90) at the surface only, whereas from 
other depth levels samples were analyzed using the 
Winkler-procedure (DIN 38408; G21) with data cor- 
rection according the average barometric pressure 
(Mortimer, 1956). From each sample the pH was de-
termined with an pH-meter (Knick Portamess 752). 
Because of the low alkalinity, K8.2 and K4.3 were ti-
trated with 0.05 mol l-1 HCl solution. On various sta-
tions the following chemical parameter were deter-
mined using test kits from Merck®: hardness °dH 
(µmol l-1 Ca2 Mg2); NO3- (0.08-0.16.... 0.96 µmol l-1 
NO2 (2.2 - 4.3 - 6.5 µmol l-1); NH4 (2.7 - 44 µmol l-1); 
P(PMB) (0.48 ... 4.5 µmol l-1). Vertical samples were 
taken with a Ruttner-water-sampler of 3470 ml 
(Ruttner 1924) in 5 m steps to a depth of 30 m; depth 
intervals increased to  10, 25, 50, and/or 100 m in 
depth  > 30 m. Instantly after the water-sampler was 
on board the temperature was documented. Two 
bottles of approx. 75 ml each were filled with sample 
water for the determination of dissolved oxygen. Fur- 
ther subsamples were used to determine pH and al- 
 

kalinity. The remaining water was filtered through a 
30 µm net and the retained aquatic organisms pre-
served in 4% formaldehyde buffered with CaCO3. 
Some samples were also preserved in 70% Alcohol as 
well as Lugol's liquid to preserve phytoplankton 
(Schwörbel, 1966). At each station approx. 70 l of 
water from the surface were filtered through a 100 
µm plankton net and preserved in the same way. The 
stations were selected with reference to the depths 
reported (Ruttner, 1931), because there are only few 
bathymetric data available (Figure 2).  
 
3.         Results  
 
The graphs in this study represent selected typical 
monthly examples while more stations in the survey 
have been included. A preliminary profile based on 
limited available data for the southern lake bottom 
topography was achieved from the sampling stations. 
Figure 1 shows a ridge in 27 to 45 meter depth which 
separates the Pangaruran Basin in the northwest (left 
part of the graph) from the southern depression of 
the lake. The Pangaruran Basin is approx. 24 km² 
and surrounded by mountains rising 1077 above the 
surface. Several brown water mountain streams drain 
their water from the primary forests on the south- 

 
 

 

Figure 2.  Station net of the surveys from February 1991 to September 1991 
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Figure 4.   Typical graphs of Temperature and dissolved Oxygen saturation, shown for several months of the survey in 1991 
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Figure 3.   Typical graphs of  pH and dissolved Carbon Dioxide, shown for several months of the survey in 1991 
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west plateau into the basin. To the south-east of the 
underwater ridge the lake bottom slopes to 175 m 
and further northeast to more than 450 m, where at 
station 10 (Figure 2) the wire of the water-sampler 
was not long enough to reach the bottom. The 
fictious line drawn in (Figure 2) between Sibaulangit 
and Haranganleok (Tarabunga) divides the Porsea 
Basin from the southern part of the lake. At this lo-
cation the bottom of the lake slopes from more than 
400 m to 210 m forming a saddle. From here an un-
derwater channel leads to the Bay of Balige and 
another channel through the Porsea Basin to the out-
flow of Lake Toba, the Asahan River. In the middle 
of the Bay of Balige an underwater peak was found 
rising from 175 m depth to 20 m below the surface. 
Since the outflow of the Asahan River has been in-
creased through dredging, a small island close to the 
outflow surfaces at low water level. This island is 
part of a ridge leading along the channel through the 
Porsea Basin. In July/August 1987 the lake water 
level declined to 902.6 m, its lowest level recorded 
until this time. Around that time an earthquake de-
stroyed the market of the district capital Tarutung, 
which is likely the cause of water level changes in 
the lake. The outflow of Lake Toba was calculated 
at a rate of 100 m3 sec-1, because of the lowered water 
level it was reduced to 82 m3 sec-1. To increase the 
outflow volume in order to supply the powerplant 
downstream sufficiently, Zen (1990) suggested to re-
direct the River Renun into the northern basin of 
Lake Toba. Surface pH-values are the lowest in the 
Porsea Basin with pH values of 7.5 and highest at the 
shoreline of  Muara and in the Bay of  Balige in Feb/ 
March '91 and August/ September '91 with value 
reading pH 8.8. The alkalinity was 1.85 meq l-l or 
lower and the dissolved carbonate (Ca2+ + Mg2+) 
varied between 0.09 and 0.54 µmol l-1, values which 
can be considered as very low. Nitrate (N02 , total 
ammonium (NH4) and phosphate (P) determinations 
were attempted for station 1 and 2 but the concentra-
tion of nutrients were too low to be determined by 
the method used, except for ammonium which 
reached at station 1 (bottom, 300 m) and at station 2 
(20 m depth) values around 5.4 µmol l-1 NH4. Along 
the north-eastern shoreline densely populated towns 
(e.g. Parapat, Porsea and Balige) are located and all 
of their wastewater is disposed into the lake un-
treated. Therefore a substantial amount of nutrients 
are released and expected to be detected, at least in 

the Porsea Basin. Nevertheless the phosphate con-
centrations were only detectable in traces of 0.48 
µmol l-1 P for stations 11-17. An increase of phos-
phate and nitrate from fish farming in net cages and 
animal husbandry close to the shoreline (e.g. in  
Muara) could not be traced, but abundant growth of 
submersed plants (Van Steenis 1933) points at an in- 
 

 
cipient eutrophication. Although the concentration of 
calcium was low, at Muara biogenic decalcification 
was observed on the leaves of Potamogeton spec. and 
the high pH 8.8 level reveals that the dissolved car- 
bon dioxide has almost been utilized. The green wa-
ter colour and the relative low Secchi visibility of 7.5 
m reveal also a notable phytoplankton production. In 
the Bay of Balige (station 5) the Secchi-depth 
reached only 6 m, while in the open waters 10-13 m 
readings were common. Close to the outflow of Lake 
Toba, particularly in the shallow areas of the Porsea 
Basin, pH values of 7.6 were recorded for the sur-
face water and pH 7.2 at the bottom (Figure 3, sta-
tion 15). Although 0.54 µmol l-1 dissolved Carbon-
ate was found to be the highest concentration deter-
mined in this study the level is still very low. It 
should be noted, that the northern shoreline of the 
Porsea basin is partly formed by CaC03 sediment. 
     The graphs presented in Figure 4 depict the tem-
perature and Oxygen profiles during the period Feb-
ruary through September (except July). During the 
rainy and dry seasons the graphs show similar 
shapes; surface temperature varies from its lowest 
value of 25.2 °C in September to its highest value of 
27.3 °C in March while the bottom temperature is 
24.2 - 24.3 °C throughout the observation period ex-
cept for station 15 in the Porsea Basin. The tempera-
ture decreased fast in June from  26.5 °C in 
15 m depth to 24.6 °C in 50 m depth and reach its 
minimum of 24.2°C at 450 m depth. In February the 
gradient is also quite distinct. During the other 
months, temperature declines more uniformly e.g. in 
March from 27.3 °C at the surface to 24.5 °C at 
50 m depth. From all graphs it is obvious that oxy-
gen supersaturation occurred in 5 m to 20 m depth. 
At station 1 (Figure 4, February 91) the Secchi-depth 
of 13 m was the highest measured and two distinct 
peaks of 156 % supersaturation occurred in 10 m and 
20 m depth. The dissolved oxygen profile decreased 
to 78 % in 40 m depth and rose again to a sub-
maximum of 90% in 75 m depth thereafter declin-
ing steadily to 27% at the bottom in 300 m depth. 
For the later months oxygen saturation curves follow 
a similar trend than those for temperature except for 
station 6 (May 1991) where the minimum oxygen 
saturation was 15 % already at depth of 75 m which 
concur with the acetous pH of 6.9. The saturation at 
the bottom in 75 m depth at station 8 in the 
Pangaruran Basin was only 7 % (Figure 5). However 
the phenomenon of supersaturation at 5 m depth or 
below was similar to other stations. At station 8 no 
clear stratification was found (see profiles in Fig-
ure 5). Notable the low pH of 7.7 at the surface and 
the acid pH 6 at the ground which is in correlation 
with the dissolved carbon dioxide of 500 µmol l-1 at 
the bottom, its utmost in this study. In comparison to 
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the other stations the bottom temperature is without 
distinction.  
    Surface temperatures were lower than few meters 

below at three stations (stations 15, 10, 8). In the 

Pangaruran basin (station 8) the difference between 
surface and subsurface anomaly in temperature was 
0.1 °C only and this was obviously caused by the 
lower air temperature during dusk. This situation was 
different in June (station 10) where the sampling 
time was 14:00 h coinciding with the first month of 
the dry season with the dominant North-Westerly 
winds. At certain atmospheric conditions relatively 
cold air blows as katabatic wind with Beaufort 8 or 
more over the lake, thereby cooling the surface wa-
ters fast by 0.7 °C, but never below 25.2 °C. The dif-
ference of 0.15 °C between surface and subsurface 
temperature at station 15 originates from the tem-
perature loss during night because of the early sam-
pling time (07:35 h). Climatic observations over sev-
eral months between 1989 and 1991 are listed in 
Table 1. Temperatures vary between day and night in 
a wide range and the same holds true between rainy 
and dry season. The highest temperature of (32 °C) 
has been observed during the rainy season in the 
early afternoon and the lowest (17.2 °C) during early 
morning hours. The relatively high temperatures dur-
ing the rainy season are not observed during the dry  
season, particularly not in June. The lowest tempera-
ture measured was 13.4 °C on June 28, 1990. Only 
once the temperature increased to 30.1 °C on July 24, 
1989. Obviously overcast showed no correlation with 

 
 
season and reached more than 4/8 throughout the 
year. Clear skies are very rare during daytime but 
during night it often clears up (Table 1). From June  
to December the dominant winds blow from North-
West with an average strength of 4 - 6 Beaufort but 
increased in July to 8 Beaufort or even more whereas 
during the rainy season mostly from the East, a gen-
tly breeze blew (3 - 4 Beaufort). Although the taxo-
nomic work has not been concluded jet however 
some preliminary findings are given. The Organisms 
which have been investigated qualitative at present 
are e.g. diatoms, rhizopoda, sponges and copepodes. 
The taxonomic work made on the samples of the 
Sunda-Expedition was depending on light micros-
copy. In this study a series of aquatic organisms has 
been examined with a Scanning Electron Micros-
cope.  

 
4.       Discussion 
 
The Pangaruran Basin is remarkable for its high ac-
cumulation of carbon dioxide and its low pH in near 
bottom waters (Figure 5). The mountain streams 
draining into the basin carry a reasonable amount of 
organic material from the primary forests into the 
basin. Because of the high mountains the water of the 
streams may be at the most 10 °C colder than the lake 
surface water. Because of this differences in water 
temperature, stream water inflow is gravity forced to 
flow very close along the slope to the profoundal 
layer and mix only slow with the water of the hy- 

                
 
Figure 5.   Graphs of the Temperature, dissolved Oxygen saturation, pH and dissolved Carbon Dioxide condition in 
Pangaruran basin for May 1991  
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Table 1. Climatic obeservations from 1989 to 1991, 21 m above 

 and 500m off Lake Toba in Pintubosi-Laguboti
 

 
 
09.07.89  20.30  19.0  8/8  
10.07.    7.40  19.1  0/8  
 21.30  20.8  
11.07.    7.20  20.1  8/8  
 21.30  20.5  
12.07.  15.45  28.3  4/8  
 20.30  21.8  0/8  
13.07.    9.00  22.8  4/8  
 22.00  22.0  8/8  
14.07.    8.00  20.1 8/8 
 16.00  29.8  6/8  
15.07.    9.30  22.0  8/8  
 16.00  26.2  7/8  
16.07.    9.15  22.1  7/8  
 17.30  22.5  4/8  NW 6 - 8  
 22.20  20.3  1/8       0  
17.07.    7.50  18.7  1/8       0  
18.07.    7.30  20.0  8/8  
 16.00  25.6  8/8    NW 4  
 22.15  20.2  8/8    NW 5  
19.07.    7.30 20.7  8/8       1  
 13.00  26.1  8/8  NW 6 - 8  
 22.00  21.2  4/8  NW 6 - 8  
20.07.    7.30  20.0  8/8    SO 3  
 17.15  22.0  4/8    NW 3  
21.07.    8.00  21.9  1/8    NW 2   
 11.30  27.1  0/8  NW 6 - 8  
 15.00  28.0   NW 8+  
22.07.    8.00  20.0  0/8      0  
 12.00  27.8   NW 6 - 8  
 24.00  18.0       0  
23.07    8.30  21.4  0/8  NW 1  
 12.30  28.9  0/8  NW 3  
 18.00  26.5  0/8  NW 4  
24.07.    7.00  15.3  0/8      0  
 14.00  30.1  0/8      0  
 18.00  25.5  8/8      1  
25.07.    7.30  18.9  0/8      0  
 13.30  28.0  2/8   NW 3  
 19.30  23.0  4/8   SO 4  
26.07.    7.30  18.8  5/8      0  
 20.00  21.5  0/8   SO 4  
27.07.    8.00  20.3  4/8      1 
 16.00  29.0  4/8  NW 4 - 5  
 18.30  26.0  4/8  NW 4 - 5  
28.07.    7.30  19.0  7/8      0  
 15.15  17.9  4/8   NO 5  
 20.00  22.2  8/8   NW 2  
29.07.    8.30  20.9  8/8      0 
 

  
 
11.01.90   7.30  18.8  1/8      0 
 24.00  18.4  3/8      0 
12.01.    7.00  18.2  5/8      0 
 13.15  27.2 2/8  NO 2 - 3 
17.01.    8.00  19.6       0 
 21.15  20.1 
18.01.  11.00  25.6  7/8  W 3 - 4 
19.01.    7.30  21.0  7/8      0 
 24.00  18.8  0/8      0 
20.01    7.30  18.2  5/8      0 
22.01.    7.30  19.2  3/8      0 
23.01.    7.30  18.9  1/8      0 
12.02.    7.30  18.0  2/8      0 
15.02.    7.15  16.8  0/8      0 
13.03.    7.30  19.0  4/8      0 
 13.30  28.9  4/8   N0 4 
 23.30  20.4  0/8      0 
14.03.    7.00  17.2  0/8      0 
 12.15  28.7  5/8  W 4 - 5 
 14.30  32.0  5/8   NW 4 
15.03.    7.05  19.7  7/8      0 
 12.00  28.2  8/8 
 23.30  19.3  0/8      0 
16.03.    7.00   18.3  3/8      0 
 17.45  26.8  6/8      0 
 24.20  20.8  1/8      0 
17.03.    8.00  21.7  1/8      0 
 13.30  22.8  8/8   NW 6 
18.03.    9.00  24.1  1/8      0 
 13.15  29.5  3/8  NW 3 - 4 
 21.30  22.8  8/8      0 
19.03.    8.10  22.7  8/8      0 
 17.15  25.0  8/8  NO 3 - 4 
20.03    8.15  20.8  4/8      0 
 12.15  28.8  4/8  NO 4 - 5 
21.03    7.30  19.3  0/8      0 
 12.30  29.0  4/8     N 4 
 21.30  23.1  8/8      0 
22.03.    8.20  22.0  3/8    N 1 
 13.10  31.0  3/8  NO 4 - 5 
 21.30  23.2  4/8 
23.03.  12.15  28.9  7/8    NO 3 
   7.30  21.2  3/8    SW 1 
 22.30  21.1  8/8 
24.03.    8.10  21.2  5/8 
 13.50  26.6  8/8    SW 4 
   0.30  21.6  8/8 
25.03  13.40  32.2  7/8  NO 4 – 5 
 

  Date     Time       Air      Overcast      Wind                      
         temp                         direction 
              °C 

Date    Time         Air     Overcast        Wind   
          temp                         direction 
               °C 
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8/8 : overcast, 0/8 : clear sky 
NW 4 - 5 : wind direction and velocity in Beaufort 
0 : calm 
 

 
  Table 1   (continued) 

 
 
 
 

29.07.89  18.30  19.5  8/8    S6  
30.07.    9.00  21.0  8/8     0  
 23.00  19.8  8/8    0 
31.07.    8.30  21.0  6/8     0  
 12.30  25.5  6/8  NW 3  
 18.00  25.0  5/8  SW 3  
01.08.    7.45   2/8     0  
12.09.    8.00  20.3  0/8     0  
13.09.    8.00  21.2  7/8     0  
 22.00  18.3      0  
14.09.    7.45  19.5  1/8    0  
 15.00  25.8  3/8  NW 2 
18.09.    7.30  20.0  8/8   
23.09.  18.00  21.8  8/8   
25.09.    7.20  19.0  8/8   
 22.00  20.0  8/8   
26.09.    7.45  19.2  7/8   
 13.30  23.9  8/8   
 24.00  18.9  8/8   
27.09.    6.30  18.0  5/8   
 17.00  24.1  8/8   
 22.00  19.2  8/8   
09.10.    7.10  19.3  5/8   
 13.20  22:9  7/8  SO 3  
 23.00  19.5  8/8     0  
10.10.    6.15  20.0  8/8     0  
 14.00  28.5  4/8  NW 5 - 6  
 18.20  22.2  8/8  SW 3 - 4  
11.10.    7.30  19.8  0/8     1  
 17.00  26.3  5/8  SW 5 - 6  
 21.00  20.1  8/8    
12.10.    7.00  20.0  8/8   
 11.45  26.1  8/8  NW 5 - 6 
13.10.    8.00  21.8  2/8  SSO 3  
15.10.    8.30  20.6  5/8   
16.10.    7.00  19.2  8/8   
 13.00  29.2  4/8    N 4 
17.10.    7.30  20.5  7/8   
18.10.  13.30  29.3  5/8   
19.10.    7.30  21.0  8/8   
30.10.    7.00  19.6  4/8   
31.10.    7.00  19.7  1/8   
06.01.  15.15  28.7  0/8  NO 6  
07.01.    9.00  20.0  0/8     1  
 16.30  27.0  2/8  NO 6 
09.01.    8.15  20.2  8/8     0 

 
    

26.03       8.00          21.9        6/8   
28.03    7.20  19.1  0/8        0   
   0.30  21.4  0/8    
29.03    7.30  22.2 8/8    
30.03    8.00  20.5  1/8   
 16.30  28.2  7/8  NW 4 -5  
31.03    8.45  22.5  8/8   
 12.30  25.6  8/8    W 1 - 2  
 24.00  20.3  8/8    
01.04.    9.20  21.9  8/8    
02.04    7.45  19.5  1/8    
 23.00  20.5  0/8    
03.04.    8.00  20.5  0/8    
04.04.    8.30  22.5  8/8    
09.04.    7.30  20.0  1/8    
28.06.    7.00  13.4  0/8    
29.06.    7.30  14.5  6/8    
24.08.    7.30  16.8  0/8    
 19.20  22.8  0/8     W 4   
27.08.    7.00  16.0  0/8    
08.01.91   7.30 14.3 1/8   
10.01.    7.30  17.6  0/8    
15.01.    7.30  21.9  1/8    
16.01.    7.30  20.2  1/8    
17.01.    7.15  19.8  8/8    
21.01.    7.45  20.2  5/8    
30.01.    7.45  18.2  6/8    
 14.00  27.6  3/8    NO 5   
31.01.    7.30  17.5  0/8    
08.02.  17.00  23.7  7/8    
09.02   8.30 21.1  0/8 
11.02.    7.30  19.6  3/8    
12.02.    9.30  23.5  1/8   
14.02.  10.00  23.7  4/8    
19.02.    7.30  16.7  0/8    
 16.50  26.0  4/8    
20.02.    7.50  18.1  7/8    
21.02  20.45  20.7  7/8    
25.02.    7.30  16.7  0/8    
26.02    7.30  18.2  0/8    
28.02    8.00  20.0  8/8    
07.03.    8.00  21.4  1/8    
  17.00  26.5  3/8  NO 4 - 5  
14.03.         14.30        28.3         5/8   

 
 
  

 

  Date       Time      Air      Overcast      Wind                      
         temp                         direction 
              °C 

 Date        Time      Air     Overcast        Wind   
          temp                          direction 
               °C 
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polimnion (Figure 6). Here the water body remains 
very long and the estimated retention time may reach 
150 years. This approximate value can be calculated 
from (a) the average outflow of Lake Toba of 82 m³ 
sec-1 (Zen 1990),  (b) the relative size of the 
Pangaruran Basin in relation to the lake area (1:50) 
and (c) the estimated volume of lx1010 m³ and an 
inflow of 2 m³

 
sec-1. The ridge in 27 m water depth in 

the South-East passage (Figure 1) only allow the 
always warmer water ( ± 60% oxygen saturation) 
(Figure 5) of the epilimnion to be transported into the 
southern part. The plotted temperature and oxygen 
saturation value (Figure 5) are close to the graphs 
from Ruttner (1931). One may argue there is no mix-
ing/circulation in this basin. This impression is fur-
ther supported by the overall topography where shel-
tering high mountains prevent strong winds to stress 
the surface waters, thereby inhibiting oxygen trans-
port into the hypolimnion. Temperature and oxygen 
levels are stratified in the south of the Pangaruran 
passage at 75 m depth (station 6) (Figures 3, 4). 
Again a slightly acidic pH (6.9) was found in this 
layer. In greater depth (175 m) pH increases slightly 
to neutral. This can only be interpreted if all depth 
layers and water-sources (flow-patterns) are consid-
ered in concert. This stratification pattern may also 
be interpreted similar to the situation discussed be-
fore and another ridge system may be present form-
ing another basin (Figure 2), see dashed line close to 
station 6. 
     Secchi-depths readings indicate to some extent 
the primary production of the aquatic system stud-
ied. At some location (e.g. station 4-7, (15) primary 
production was reasonable, showing water visibility 
between 5 and 8 m only. A high Secchi-depth  
 

 
(13 m) was determined during the first survey which 
indicates a low assimilation rate (station 1) (Fig-
ure 4), but the two peaks of oxygen supersaturation 
below the surface indicate a higher primary produc-
tion. Because of the replicate for oxygen determina-
tion of each sample the data are fairly reliable. Since 
primary production, oxygen levels and pH levels are 
closely linked (depending on the biocarbonate sys-
tem) similar results can be assumed for the pH plot 
(Figure 3, station 1) which has been enlarged in Fig-
ure 7 continuing with two minor peaks in 10 m and 
20 m depth this relationship. Since biogenic decalci-
fication has been observed at pH 8.8 at the shoreline 
of Muara, the pH value of 8.75 at station 1 indicates 
the buffering potential of the lake has almost been 
exhausted and may therefore limit further assimila-
tion. The light intensity measured at station 1 of 6.79 
E m-2 s-1 

( 350,000 Lux) reflects the known phenom-
enon of strong radiation inhibited assimilation: 
plankton organisms tend to move into lesser illumi-
nated zones. Since the Secchi-visibility was 13 m 
another productivity maximum in 20 m depth is 
likely, particularly when considering Ruttner (1931) 
who stated that the euphotic zone fits with the char-
acteristic shape of the pH curve. Presently we assume 
that the two oxygen peaks originate from the assimi-
lation of phytoplankton, however, this will have to be 
verified when plankton samples have been examined 
quantitatively. Unfortunately, the pH value of 8.75 at 
the surface is not congruent with the oxygen satura-
tion at this station which amounts to 100 %, only, but 
a higher temperature results conclusively in a lower 
oxygen saturation. From the oxygen supersaturation 
which occur in 5 m -20 m depth (Figure 4) and the 
corresponding Secchi-depths in Figure 2, a correla- 

                                       
Figure 6.      Outflow model at the rivermouth of river Halian and Simamare 
(modified  after Imboden (1990) 



  LIMNOLOGICAL AND BIOLOGICAL INVESTIGATION  83
   

 

 

 

 

. 

 

        
 
Figure 7.   pH  plot of station 1 on a larger  scale than 
in Figure 5 
 
 
tion can be concluded between Secchi-depth and the 
depth in which oxygen supersaturation occurs through 
assimilation.  
     The temperature and oxygen profile shown at sta- 
tion 1 (Figure 4) indicate high O2 saturation levels 
(90% in 75 m and 73% in 100 m depth). Even in 200 
m depth the O2 saturation is 59.7 %. The shape of 
the pH curves in the plots within the range of 
100 m - 200 m show a maximum at 150 m depth 
(Figure 3). At the same station (at a later date; called 
station 9) a similar shape of the curves had been 
identified, indicating a vertical transport of water 
masses. In comparison to station 1 (February) the 
situation at station 9 (June) same spot had not much 
changed down to 50 m depth. The O2 saturation of 
72% remained still higher than at all other stations. 
Since the temperature stratification is very strong (as 
already shown by Ruttner, 1931), this vertical trans-
port may not be interpreted as caused by circulation. 
The thermocline is always present and no circulation 
was encountered on the lake during the study (Fig-
ure 4). The positions of station 1 and 9 are the most 
exposed one for wind of all directions. Strong wind 
may stress the surface to that degree, that Seiches are 
induced and that through their very slow vertical 
movement oxygen rich surface water is transported 
into the hypolimnion (Imboden 1990). A similar ob-
servation was not made for station 10 although the 
wind-stress is powerful particular in the months be-
tween June and September when the strong North-
West wind blow along the passage connecting the  

 

northern with the southern part. Probably, Seiches 
may be induced to another time in the year or still 
unknown geological formation of the lake bottom 
may inhibit Seiches.  
     Above was stated that the Porsea Basin is consid-
erable polluted through disposal of suspended load, 
but also solid load e.g. all the rice hulls and sewage 
are dumped into the rivers and from there into the 
lake. In respect to the huge amount of organic mate-
rial entering the Porsea Basin the eutrophication is 
by the mean of dissolved phosphate very small and 
mostly less than 0.48µmol l-1. The concentration of 
dissolved phosphate found in this study are a little 
less than those determined by Ruttner (1931), which 
likely originate from the improved analyzing method. 
The ridge across the Porsea Basin in 80 m depth 
Ruttner (1931), could not be confirmed. A ridge 
separating the Porsea Basin from the southern Part 
of Lake Toba would in respect of the huge input of 
organic material result in a similar situation as found 
in the Pangaruran Basin. Instead a channel along the 
Porsea Basin was found leading into the southern 
part (Figure 2). From the findings close to the out-
flow of the River Halian (Aek Halian) and Aek 
Simamare the missing eutrophication can be ex-
plained. For Aek Halian near the Bay of Balige 
19.4 °C was measured in January 1990. In March and 
August '91 samples were collected close to the out-
flow and close to the slope in order to encounter the 
thermocline of the cold river water, but obviously the 
layer was too thin to be collected with the water-sam-
pler. Only some more decayed plant material and 
other sediment particle were found in the sample 
close to the ground. The situation seems to be same 
as discussed for the Pangaruran Basin and shown on 
Figure 6. With the runoff the potential factor of 
eutrophication is drawn through the channel of the 
Porsea Basin into the depth of the Lake. Only in the 
basin some 0.54 µmol l-1 dissolved carbonate was 
present and probably result from the faster decom-
position of sediment through an increased tempera-
ture of 0.6 °C at the bottom in the shallow zone or 
either from the dilution of the CaCO3) sediment at the 
northern shoreline which may be mixed during 
strong wind.  
      Finally near bottom temperatures of the deeper 
zones of the southern Lake area were 0.2 to 0.3 °C 
higher than those found during the Sunda-Expedition 
(Ruttner 1931). No explanation for this differences in 
observations is presently available.  
      From all the copepodes described by Kiefer (1933), 
seven of them have been dissected and re-drawn while 
species identification is not yet completed on hand the 
original material from the Sunda-Expedition. 
Eudiaptomus doriai described by Richard (1895) is   
the first calanoid copepode re-identified. 
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   Harnisch (1932) found 4 species of testace 
rhizopoda in the Porsea basin. One species has been 
identified as Centropyxis acu1eata. In this study 
two different sponges were found on the leaves of 
potamon spec.. One species might be the same Arndt 
(1931) identified as Spongilla carted, but he indexed  
this species already with an questionmark. The sec-
ond species I found was not described for Lake Toba 
in the paper of Arndt (1931). Unfortunately there are 
no gemmule spicules to make a reliable identifica- 
tion. Since sponges which have spicules covered with 
very minute spines are described from Sumatra (Gee, 
1930a) the spicules found are likely from Spongilla 
sumatrana but because the spicules are too long 
Ephydatia spec. may be considered too.  

 At the present state a number of phytoplankton 
mostlydiatoms have :been examined, but not that 
comprehensive as Hustedt (1938a, b). Melosira 
spec. is a very common diatom in the pelagial and sedi- 
ment. Melosira granulata v. curvata was the smallest 
diatom found in the examined sediment probes, only 
60 µm in diameter. Other diatoms from the M. 
granulata v. curvata type reached almost 200 µm, but 
another linear one of the Melosira type was found 
too. Two other diatoms were identified as Cymbella 
javanica and Surirella spec.  

 The identification made and the names given 
above may be preliminary and are probably not on 
the latest taxonomic foundation.  

5.    Conclusion  

From the pH-measurements it can be derived that the 
lake is alkaline throughout at least for its surface but 
not through high concentrations of dissolved alkali 
components which are very low in this lake but be-
cause of its very weak buffering capacity which was 
discussed. An increase of organic material may led 
in the long run to acetous condition as already found 
in the Pangaruran Basin and the assumed -basin south 
of it. The lake is temperature and oxygen stratified; 
no circulation has been found and the lake is of 
course not monomictic as stated by Herdendorf 
(1990), but through Seiches oxygen is transported 
into the hypolimnion. the study show that the lake is 
still a very oligotrophic lake with a series of particu-
lars not studied comprehensively to today. The sug-
gestion to redirect the River Renun into Lake Toba 
(Zen 1990), although its outflow is only 8 m³ sec-1 
may be a disadvantage to the Lake, its limnology and 
its environment from which we only have a very 
small insight. A further research becomes urgent in 
regard to the countless questions still open e.g. the 
missing echo survey, the hydrobiology and the 
mostly unknown northern part of Lake Toba.  
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