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Abstract 

(Lake Nyasa) 

Lake Malawi, in tropical central Africa, is 560 by 75 km and consists of a single basin, 
maximum depth 695 m. Below 250 m the lake is homothermal at about 22.5”C and is 
anoxic. Above this level there is a seasonal cycle with the development of a marked 
thermocline. By May the upper 60 m is homothermal at about 27°C. During the dry, 
windy cool season the epilimnion cools but only in exceptional years approaches a homo- 
thermal condition. Complete mixing has never been observed. In the shallower southeast 
arm the surface temperature may fall to 21.0% as the result of inshore chilling; this cool 
water flows northward as a profile-bound density current and appears to maintain the 
stability of the stratification. Large-scale oscillations of the level of the thermocline, appar- 
cntly the result of internal waves and of wind-induced upwelling, cause advcctions of 
water from the mctalimnion into the southeast arm, site of the major fishery in the lake. 

Lake Malawi, formerly Lake Nyasa, is 
the most southerly and the least well docu- 
mented of the three largest great lakes of 
Afsica. 

The earliest limnological information 
from Lake Malawi was that of Fuclleborn 
(1900) who observed the first example of 
a thcrmoclinc in a tropical lake. Beau- 
champ ( 1953) made detailed observations 
in 1939-1940. The water below 250 m was 
anoxic except in one instance on the east- 
ern short in April near the mouth of a 
large river, where the oxygen concentra- 
tion of 0.5 ppm may have been brought 
about by a density current. He believed 
the lake was permanently stratified, al- 
though, on the strength of low tcmpera- 
tures observed a,t the extreme south in 
1946, he did suggest that it might occa- 
sionally mix. In 1954 the Joint Fisheries 
Research Organization of Northern Rho- 
desia and Nyasaland began observations on 
the lake (Jackson et al. 1963) and these 
were continued by others (11~s 1960; Ec- 
cles 1962n, b, 1965) who also drew atten- 
tion to the importance of internal waves. 
This work presents new results and at- 
tempts to correlate them with earlier work 
and to derive an outline of the physical 
processes in the lake as a whole. 

I wish to express my thanks to A. J. P. 
Mzumara, W. C. Ambali, and A. M. Phiri 
who made many of the routinc obscrva- 

tions, to T. D. Iles, G. Fryer, C. I-1. Mor- 
timer, and J. F. Talling for advice and 
criticisms of the manuscript, and G. Coul- 
ter for many hours of discussion. 

Physiography ancl climate 

Lake Malawi is the most southerly of 
the Great African Rift Valley lakes. It is 
about 560 km long and has a greatest width 
of about 75 km ( Fig. 1). In contrast with 
Lake Tanganyika, it consists of a single 
basin with greatest depth of about 695 m 
near the western short north of Nkhata 
Bay (Fed. Dep. Surveys undated). It lies 
between 9’30’ and 14”3O’S at an altitude 
of about 500 m in a tropical climate. How- 
ever it lies far enough south of the equator 
to experience marked seasonal variations 
in wind, temperature, and precipitation. 
Table 1 shows mean tempcraturc and dew 
point for January and July at a number 
of lakeshore stations. No overall effect of 
precise latitude is apparent, the ends of 
the lake experiencing a wider range of 
temperature than the stations nearer the 
middle whcrc the lake exerts a moderating 
effect on climate. Daily maximum and 
minimum temperatures over a period of 
17 months at Monkey Bay arc shown in 
Fig. 2. This period included the coldest 
weather recorded for about 30 years in 
southern Africa. The screen minimum at 
Monkey Bay was 12.2”C on 17 June 1968 
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Fig, 1. Map of Lake Malawi showing bathy- 
metric contours for 250 and 500 m, and contour 
of land over 1,220 m above sea level. The lake 
level is about 475 m above sea level. Inset shows 
positions of lakes Albert (A), Victoria (V), Tan- 
ganyika (T), and Malawi ( M ). 

when a ground temperature of 4.2”C was 
recorded at Mangochi and frost occurred 
on higher ground. 

The prevailing winds for much of the 
year tend to blow along the axis of the 
lake, to some extent channeled by topogra- 
phy. During the rainy season (Novcmbcr 
to March) the winds tend to bc northerly 
but between April and May the intertrop- 
ical convergence zone moves northward 
and southerly winds become predominant. 
These winds blow with considerable force 
for periods of several days, often attaining 
40 km hr-2 and generating surface waves 
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Table 1. Climatic data (“C) from stations on 
shore of Lake Malawi (D.P. = dew point). 

Jan means Jul means 

Max Min D.P. Max Min D.P. 

Karonga 29.7 21.8 21.5 26.9 15.0 15.5 
Nkhata Bay 28.6 21.3 21.0 25.3 14.3 14.0 
Likoma 28.9 22.9 21.0 26.0 19.0 13.0 
Nkhotakota 28.2 21.3 21.5 25.4 25.0 13.5 
Salima 29.3 21.5 21.5 26.2 15.0 13.5 
Monkey Bay 28.9 21.9 21.0 26.5 14.4 13.5 
Mangochi 30.2 21.3 21.0 26.5 13.6 14.0 

34 m high, By September winds are more 
easterly and may be very strong in the 
mornings. The lake however cxcrts a con- 
siderable modcrating effect on the winds 
in its vicinity, generating land and sea 
breezes, the former being particularly 
strong in the vicinity of high ground. The 
lower minimum temperatures recorded 
from Nkhata Bay and Mangochi than 
from other lakeshore stations arc the result 
of the proximity of high ground. 

Annual rainfall over the lake varies from 
about 65 cm just north of Mangochi, which 
lies in the rain shadow of the high land 
to the east and southeast, to 200 cm at 
Nkhata Bay, and 250 cm near the northern 
extremity. 

With runoff from the land the total an- 
nual addition of water to the lake is 
equivalent to a rise of the surface varying 
between 1.73 and 2.5 m; the annual rate of 
loss is more constant, evaporation account- 
ing for about 1.9 m while flow down the 
Shire River at the present high lake level 
takes only about 45 cm (Pike 1964). Wa- 
ter gains and losses occur simultaneously 
at differing rates so that the annual rise 
varies bctwcen 0.7 and 1.8 m while the 
average fall is 1.1 m. The depth of the 
Shire River where it leaves the lake is at 
present about 3.5 m and, since at this level 
the river still only accounts for 20% of the 
water loss from the lake, a considerable 
change of level is necessary before a com- 
pensating change in outflow occurs. The 
lake is therefore in a state of delicate hy- 
drological balance and runs of years of 
abnormally high or low rainfall result in 
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Fig. 2. A-Isotherm depths; B-temperature at 10 m; C-wind at the stanclard station off Mon- 
key Day; D-daily screen nlaximum and minimum 
period. 

air temperature at Monkey Bay over a 17-month 

considerable variations of the surface lcvcl, 
the total range between 1900 and 1969 
having been about 6 m. A barrage was 
constructed at Liwondc on the upper Shirt 
River in 1965 and will be operated so as 
to maintain a certain minimum level con- 
sistcnt with the requirements of hydroelec- 
tric power generation. In addition to long 
term fluctuations of level, short term sur- 
fact setups and seichcs with an amplitude 
up to about 12 cm and periods of 6 and 
24 hr occur, being most marked at the 
south end of the lake. 

The lake occupies part of the southern 
end of the Rift Valley system and is to a 
large extent delimited by faults, particu- 
larly to the north and on the eastern coast. 
In these areas the shorts are steep and 
depths in excess of 200 m are found close 
inshore ( Fig. 13. At the southern extrcm- 
ity and along the southern half of the west 
coast the shoreline is more gently shelv- 
* . The maximum depth of 695 m is 
Efrhd toward the western short about 45 
km north of Nkhata Bay. From here the 
bottom rises gradually to north and south 
and, except for a ridge some 20 m high 
at 10*25’S, there is no tract of scparatc 
basins as in Lake Tanganyika. In further 

contrast to Lake Tanganyika, where a 
depth of 200 m is found within 20 km of 
the southern extremity of the lake, in Lake 
Malawi such a depth is not cncountcrcd 
within 110 km of the southern end. 

The prcscnt estimated annual catch of 
fish from the lake is quite small, being of 
the order of 21,000 metric tons in 1971. 
This is certainly an underestimate and is 
far short of the potential yield since some 
stocks arc underexploited and others are 
untouched. However the distribution of 
fish is by no means uniform and echo- 
grams show stocks to bc concentrated in 
the shallower marginal areas, in particular 
in the southeast arm. This recalls the situ- 
ation reported for Lake Tanganyika by 
Coulter ( 1963) where inshore areas show 
relatively high productivity and the open 
lake is oligotrophic. 

Methods 

More or less regular observations have 
been made since March 1954, when the 
Joint Fishcries Research Organization se- 
lectcd a standard station close to that 
adopted by Bcauchamp in a depth of about 
400 m some 5.5 km offshore from Nkhata 
Bay in the middle section of the lake. Two 
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profiles have also been obtained near the 
decpcst point of the lake some 37 km to 
the north of the standard station. In Au- 
gust 1962 the research ccntcr moved to 
Monkey Bay near the end of the peninsula 
between the southern arms of the lake, and 
from April 1963 until 1969 regular obscrva- 
tions were made at a point about 4.5 km 
offshore at a depth of about 98 m. Obser- 
vations at Nkhata Bay wcrc discontinued 
in 1964. Some sporadic observations have 
been made during cruises, and some cruises 
have been made with regularly spaced 
stations. In May 1964, in conjunction with 
the work of Coulter ( 1968a) on Lake 
Tanganyika, temperature profiles were ob- 
tained from a series of stations along the 
length of the lake. Other series of profiles 
have been obtained in the southern part 
of the lake. 

The observations at Nkhata Bay include 
temperature, chemical analysts, and net 
plankton. At first analyses were made for 
several ions (Jackson et al. 1963) but from 
1957 were limited to pH, oxygen, and sili- 
cate since other nutrient ions were present 
in amounts too small to give meaningful 
results. At Monkey Bay only the tempcra- 
ture measurcmcnts have been continued 
on a regular basis, though some work was 
done on phytoplankton by a scdimcntation 
method. Earlier observations were made 
with a Friedinger limnological sampling 
bottle and rcvcrsing thermometer; in 1961 
thcsc were replaced by a series of Knudsen 
oceanographic reversing water bo ttlcs with 
reversing thcrmometcrs attached. From 
time to time a thermistor sensitive to 0.02 
“C was used, and since 1963 almost all 
observations have been made with this 
equipment. Readings with reversing thcr- 
mometers were made at depth intervals of 
5 or 10 m in the upper 100 m and thcre- 
after at incrcmcnts of 25 or 50 m. Thcrm- 
istor readings at the Monkey Bay station 
are made at intervals of 2 m to the bottom 
at about 98 m. Since 1961 a nomographic 
correction has been applied to depth read- 
ings to allow for the inclination of the sam- 
pling wire, which may reach 35” in heavy 

wca ther. Wind measurements at Monkey 
Bay wcrc from the boat at the time of 
sampling using a Dwycr handheld patent 
windmctcr. 

Observations 

The seasonal cycle of stratitication 

The Nkhata Bay observations arc rcprc- 
scntativc of the open area of the lake near 
the deepest part of the basin and show a 
thermal regime similar to that of the off- 
short areas of Lake Tanganyika (Coultcr 
1963, 1968a, b). Figure 3 shows tcmpera- 
turc profiles made almost 9 years apart 
at the deepest point of the lake with one 
of Beauchamp’s profiles for comparison. 
From the bottom to a depth of about 250 
m the tcmpcrature is almost uniform. At 
300 m the temperature had apparently 
risen from 22.45” to 22.56”. The tcmpera- 
turc of 22.1” recorded in 1939 at this depth 
by Beauchamp ( 1953) indicates that this 
was probably a real rise, not an artifact of 
instrumental error, and that bctwecn 1939 
and 1964 there was a gradual but steady 
warming at this level. At about 250 m 
there is a small but consistent thermal dis- 
continuity, seen in Figs. 3 and 4. Since 
1954 the water below this level has been 
anoxic and has contained free II& al- 
though Bcauchamp did on one occasion 
report the prcscnce of small quantities of 
dissolved oxygen at 300 m. This deep hy- 
polimnion is relatively rich in nutrient 
salts, but thcrc is little difference in total 
ions, measured as conductivity, between 
this and the surface water (Bcauchamp 
unpublished data; Jackson et al. 19,63); 
hence the stability is probably maintained 
by the slight temperature difference rather 
than by increased concentrations of solutes. 

In the upper 250 m an annual cycle 
of stratification occurs, illustrated by rcp- 
resentativc profiles in Fig. 4 and by a 
diagram of isotherm depths in Fig. 5. Com- 
plcte mixing has never been observed, the 
nearest approach to a homothermal con- 
dition having been on 18 August 1958 af- 
ter 8 days of continuous strong southerly 
winds, when the upper 80 m were homo- 
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Fig. 3. Left-profiles of temperature, oxygen, and silica concentrations against depth at the deepest 
point of Lake Malawi (after Jackson et al. 1963). Right-temperature-depth profiles at a station 4 km 
off Nkhata Bay (after Beauchamp 1953) and at the deepest point of Lake Malawi 37 km north of 
Beauchamp’s station showing warming of hypolimnion between 1939 and 1964. 
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Temperature profiles from deep station off Nkhata Bay 

Fig. 4. Temperature-depth profiles showing seasonal dcvclopmcnt of stratification at the standard 
station off Nkhata Bay. Profile for 18 August 1958 shows closest recorded approach to a homother- 
ma1 condition ( after Iles 1960). 

thermal at 23.08”C. The year 1958 was 
exceptional in the degree of surface cool- 
ing; in the other years between 1954-1963 
the lowest surface temperature recorded at 
the standard station was 23.6”C. 

While stratification is developing be- 
tween September and December, tempcr- 
ature profiles usually show a series of 
gradients separated by more or less homo- 
thermal layers. Later, one major thermo- 
cline develops and moves deeper as the 
season progrcsscs until, by the beginning 
of May, the whole upper 60 m may bc 
homothermal at about 27°C. With the on- 
set of the dry season, and of the southerly 
winds, cooling of the epilimnion begins 
and the thermoclinc is driven decpcr. 

The picture outlined above is somewhat 
idealized since in fact isotherm depths 
fluctuate considerably as the result of in- 
tcrnal waves. These were first postulated 
by Beauchamp ( 1953)) and an east-west 
tilt of the isotherms between Nkhata Bay 
and the opposite shore was demonstrated 
in January 1958 by Iles (1960). Eccles 
( 1962a, b) d emonstrated the existence on 
the upper thermocline of longitudinal un- 
dulations with an amplitude of up to 20 m. 

At the station off Monkey Bay the an- 
nual cycle of events shown in Fig, 2 is 
basically similar to that in the upper 100 
m at Nkhata Bay, but there are consider- 
able diffcrcnccs of detail. Although for 
most of the year the surface temperal.ure 
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is close to that off Nkhata Bay, the tem- 
pcrature of the bottom water in the cool 
season often falls below that of the hypo- 
limnion of the open lake, and in some years 
the whole water column falls below 22.5”C. 
This is the result of chilling under the in- 
fluence of strong cool southeasterly winds 
which here arc dry, having deposited much 
of their moisture on the Shire Highlands 
and their associated massifs to the south of 
the lake. The greater cooling of the south- 
ern extremity of the lake is probably the 
result both of relative shallowness of the 
water and of the greater rate of evapora- 
tion in this area resulting from the low 
relative humidity at this time of year. 

The channeling effect of the lake basin 
on the wind has the result that the air 
moving uplake from the south has already 
picked up a considerable quantity of water 
vapor. This is reflected in the fact that 
the dew points recorded at Karonga and 
Nkhata Bay, and to a lesser extent Nkho- 
takota, between May and July are higher 
than those from the more southerly stations. 

That the appearance of water no warmer 
than the hypolimnion on the bottom off 
Monkey Bay is due to chilling, rather than 
to upwelling, is borne out by the fact that 
there may bc a marked temperature gradi- 
ent at the surface, the surface temperature 
45 km to the south being as much as 15°C 
lower than that at the standard station. At 
the same time, a series of profiles taken 
between these points (Fig. 6) shows a sim- 
ilar gradient along the bottom. This is the 
result of the water chilled at the south 
sinking and running along the bottom as 
a profile-bound density current similar to 
that demonstrated by Talling (1963) in 
Lake Albert. As this water flows north- 
ward it gradually becomes warmer both 
by turbulent mixing and by heat transfer 
from the underlying sediments, as is borne 
out by the existence of temperature inver- 
sions at the base of the water column (Fig. 
6C, stations 4, 8, 9). Such chilling is a 
regular feature of the annual cycle in the 
south of the lake. 

In addition to incursions of chilled water 
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Fig. 6. A-Stations in the southeast arm; B-diagram of isotherm depths and temperature-depth 
profiles of individual stations on 30 July 1963, showing surface chilling of water at southern cxtrem- 
ity; C-density current formed by sinking of chilled water. 
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IFig. 7. Temperature-depth profiles at the standard station off Monkey Bay in May 1966 showing 
recovery of stratification over a 2-week period following upwelling during period of strong southerly 
winds. 

on the bottom, Fig. 2 shows more or less 
regular oscillations of the thermocline with 
an amplitude of several tens OF meters. The 
period of these oscillations tends to bc 
shorter bctwecn December and February 

60 
r 

60 

Kilometers from south end of lake 

Fig. 8. Isotherm-depth profiles of southeast 
arm of Lake Malawi 2 days apart in April-May 
1964 showing displacement of surface water and 
incursion of cool water along the bottom at the 
beginning of an upwelling period. 

when the epilimnion is warmest. At this 
time the period is about 20 days, becoming 
about 30 days by May. These oscillations 
appear not to be directly rclatcd to local 
wind and indeed are most regular in the 
rainy season when winds are variable in 
strength and direction. Upwelling of nu- 
trient-rich water from the metalimnion may 
occur under the influence of strong wind 
stress, as in May 1966 when strong south- 
erly winds in the early part of the month 
brought about upwelling off Monkey Bay. 
It was impossible to obtain data before the 
windy period, but Fig. 7 shows the recov- 
ery phase with the epilimnion rapidly rc- 
turning. That this was in fact upwelling 
rather than local chilling is demonstrated 
by the fact that very dcnsc blooms of phy- 
toplankton were observed on 19 May and 
a scum of Anabaena collected in the lee 
of the launch several kilometers offshore. 
Such upwelling is not uncommon in the 
southcast arm during the windy season. 

The apparent periodicity of the oscilla- 
tions of the thermocline off Monkey Bay 
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Fig. 9. Isotherm-depth profiles of Lake Malawi in May 1964 showing tilting of thermocline under 
the influence of southerly wind and recovery of level after cessation of wind. 

and the occurrence of similar phenomena 
at the southern end of Lake Tanganyika 
led Coulter ( 1963) to suggest that they 
may be the effect of an overall tilting of 
the thcrmoclinc under the influence of an 
internal seiche. To test this hypothesis 
Coulter and I undertook longitudinal runs 
of both lakes in May 1964, measuring tem- 
perature profiles to a depth of 120 m at 
stations 10 km apart (Eccles 1965; Coulter 
1968b). On Lake Malawi many of the 
stations near the middle of the lake had 
to bc abandoned duo to heavy weather 
and mechanical breakdown. However the 
results were sufficient to show a similar 
picture in both lakes. On Lake Malawi be- 
tween 29 April and 1 May there was an 
incursion of cooler water from the mctalim- 
nion along the bottom (Fig. 8). This was 
accomplished by a general tilt of the ther- 
mocline in a northerly direction, the iso- 
therms lying some 50 m deeper in the north 
than off Monkey Bay (Fig. 9), though by 
12 May the isotherms at the south had 

fallen to about the same level as those at 
the north. On the northward voyage an 
interruption of the thermocline was ob- 
served about 80 km from the north end of 
the lake. This was associated with a strong 
current shear bctwecn the surface and 
deeper water, the instrument wire being 
observed to enter the water across the di- 
rection of the wind. This may have been 
associated with separate surface circulation 
cells to the north and south of this point 
since the wind had been southerly in the 
southern part of the lake and at this 
station, but at the next station the wind 
was northerly. The mixing resulting from 
boundary effects between these cells could 
explain the relatively rich fishcries of the 
west shore in this area. 

Currents 

The current systems of the lake have 
not been studied, but sporadic observations 
an d circumstantial evidence suggest that 
they may be of importance. In general 
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there appears to bc a northerly drift on the 
western shore with a southerly return cur- 
rent of about 0.5 km hr-l on the eastern 
shore. At times much stronger currents 
have been observed and on 2 February 
1968 a wake was seen behind a buoy 
moored to a reef at a depth of 25 m about 
7 km offshore from Monkey Bay; the cur- 
rent on this occasion was probably at least 
1 km hr-l. A similar current was observed 
south of Boadzulu Island in the southeast 
arm aEtcr a period of upwelling in April 
1968, and again in early June 1968 a strong 
southerly current off Monkey Bay made it 
difficult to maintain course while trawling, 

In addition to observational evidence for 
surface currents, the cxistencc of profile- 
bound density currents is inferred from 
temperature data from the southeast arm, 
Probably considerable currents arc gener- 
ated near the bottom by the mass flow of 
the metalimnion and epilimnion into and 
out of this area in association with movc- 
ments of the thermocline. Evidence for the 
existence oE such currents is that reefs in 
the southeast arm are often surrounded by 
a moatlike depression in the bottom depos- 
its, in which the soft ooze that covers most 
of the bottom in this area is replaced by a 
peculiar deposit consisting largely of fish 
bones and nodules. These occur in the 
ooze in small quantities and their greater 
abundance in the depressions around recEs 
is almost certainly the result of turbulence 
inhibiting the deposition of the finer par- 
ticles of ooze. 

Discussion 

Although the temperature gradient at 
about 250 m is only some O.Ol”C per meter, 
over 25 m it appears to form an effective 
barrier to mixing and thus to constitute a 
thermocline. The density difference across 
this thermocline is very small, but it prob- 
ably persists due to the relative shortness 
of the cool season and to the mechani- 
cally inefficient transfer of wind energy 
through such a thick layer. Furthermore, 
the amount of energy required to bring 
about mixing against even a slight density 

gradient is large where the layers con- 
cerned arc several hundred meters thick. 

The occurrence of chilling and of profilc- 
bound density currents in the southeast 
arm suggests that this mechanism, first pro- 
posed by Talling ( 1963) to explain the 
stratification of Lake Albert and also con- 
sidered by Coultcr (1968a) to be a factor 
in the stratification of Lake Tanganyika, 
is in fact the reason for deep stratification 
in these lakes. The regular occurrence of 
these currents in Lake Malawi, and the 
fact that occasionally the cooling involves 
the whole southeast arm, at least as far 
north as Monkey Bay, means that large 
volumes of water must enter the hypolim- 
nion every year. Since the hypolimnion it- 
self is homothermal it must undergo mixing 
processes as the result of movements gen- 
erated within it either by internal waves 
or by mechanical coupling with the meta- 
limnion across the deep thermocline. Ei- 
thcr of these processes would be expected 
to generate turbulence in the region of the 
thermocline which would gradually be 
driven deeper. That it does not in fact go 
deeper is due to the replenishment of the 
hypolimnion by cool density currents. Due 
to the form of the lake basin and to the 
direction of the prevailing winds it is prob- 
able that the main area of cooling is the 
southeast arm and, to a lesser extent, the 
southern half of the western shore. Al- 
though cooling takes place at such places 
as Nkhata Bay the nocturnal oEfshore winds 
along the steep coast in the area are so 
strong that an offshore surface current sev- 
eral meters thick is generated and cooled 
water is mixed into the epilimnion before 
it can sink. 

The rise in the temperature at 300 m 
from 22.l”C observed by Beauchamp 
( 1953) in August 1939 to the values of 
22.45” in 1955 and 22.56” in 1964 (Fig. 3) 
indicates that there was a gradual warm- 
ing of the hypolimnion over a period of 
25 years. This must take place by mixing 
across the deep thermocline since the rate 
of heat flow through the lake floor, at 
about 30 cal cm2 yr-1 ( Von IIerzcn and 
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Vaquier 1967), is too low to have any sig- 
nificant effect on the heat budget of the 
lake. This warming suggests that the lake 
may overturn and there is some oral cvi- 
dencc that at least a partial overturn oc- 
curred in 1937 when a mass mortality of 
fish took place around Nkhata Bay. IIow- 
ever, I feel that this was more likely to 
have been due to a local partial overturn 
or upwelling, rather than to a complete 
overturn. IIad the latter occurred, the cf- 
fccts would have been dramatic due to fish 
mortalities consequent on the appearance of 
free HZS over a large area of the lake. 
Beauchamp, whose 1953 paper reported 
data collected by him in 1939, could hardly 
have failed to have heard of the effects of 
such an occurrence, which would have im- 
pressed all the people on the lake. The 
tempcraturcs of 23.4” at the surface and 
22.95” at 75 m at Domira Bay in July 1939 
arc not inconsistent with stability, espe- 
cially as the hypolimnion was then at about 
22.l”C. The August 1946 figures of 21°C 
at the surface and 20.75” at 20 m, recorded 
by Lowe and quoted by Bcauchamp as in- 
dicating a possible overturn that year, were 
obtained at the cxtremc southern end of 
the lake and reflcctcd local chilling, 

It may be that, rather than the whole 
lake becoming homothermal at once, an 
overturn may take place fairly slowly so 
that thcrc could bc upwelling of anoxic 
water over a period of several weeks, which 
might allow the dissipation of H2S and the 
oxygenation of the water at a rate suffi- 
cient to permit fish survival. Such a grad- 
ual overturn could occur as the result of a 
massive flow of cold water to the hypolim- 
nion displacing quite large quantities of 
anoxic water, which may then mix fairly 
rapidly with the metalimnion where the 
H2S would be oxidized. The mixed water, 
low in oxygen, might upwell in the south- 
cm part of the lake without causing mass 
mortalities. Such a mechanism stems pos- 
sible in view of the fact that the main heat 
loss from the lake probably takes place by 
evaporative chilling, and that this is great- 
est at the windward end where the air is 

rclativcly dry, having crossed the Shire 
Highlands. In the northern part of the lake 
the wind is moister, cloud amounts are 
greater, and evaporation is less, so that the 
surface temperature will. not fall as low as 
at the south, and stratification may bc 
maintained above the major part of the 
hypolimnion. 

Internal waves appear to play a large 
part in nutrient cycling in Lake Malawi. 
Since in most years stratification above the 
hypolimnion does not break down com- 
pletcly they arc an important mechanism 
in returning nutrients from the mctalim- 
nion to the epilimnion. Where the bottom 
is relatively gently sloping, quite small 
shifts in the level of the thcrmoclinc in- 
volve large horizontal displacements (Fig. 
8) with resultant currents along the bot- 
tom. Turbulence associated with these 
currents will result in mixing between the 
metalimnion and the epilimnion and may 
also agitate the surface of the mud and 
release nutrients. In the open lake, cur- 
rents associated with internal waves may 
also play a part in mixing processes, but 
this is apparently not as important as their 
effect at the lake margins. Upwelling un- 
dcr the influence of wind in the cool 
season is another important factor in the 
nutrient cycle, especially when the thermo- 
cline approaches the surface under the in- 
fluencc of an internal wave. 

The nature of these internal waves is still 
unclear. The oscillations in thermocline 
depth at the southern end of the basin pos- 
sess an apparent periodicity close to that 
calculated for a uninodal internal seiche in 
the absence of rotation. It seems likely, 
however, that the earth’s rotation must be 
taken into account and that the undulations 
on the thcrmoclinc recorded by Eccles 
( 1962a, h ) , which exhibited considerable 
amplitude offshore, may bc associated with 
Kelvin-type internal boundary waves and 
internal Poincare waves. A similar sugges- 
tion was made for Lake Tanganyika by 
Coultcr (1968b). Many more extensive, de- 
tailed, and frequent tcmpcrature obscrva- 
tions are necdcd to test these suggestions. 
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