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Figure 16 

1000-minute median upper lethal temperatures for summer Baetis 

harrisoni· nymphs not attempting ecdysis during exposure to high 

temperature, after acclimation in the laboratory at 10
oe, 15

0 e 

and 20°C for different times. 95% confidence limits are shown 

about each median value. Lethal temperatures for winter nymphs 

shown by broken lines. 
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Figure 17 

1000-minute median upper lethal temperatures for summer Choroter-

. ° peS bugand~nsis nymphs after acclimation in the laboratory at 10 C, 

15°C and 20°C for different times. 95% confidence limits are shown 

about each median value. Lethal temperatures for winter nymphs 

shown by broken lines. 
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FIELD OBSERVATIONS 
, , 

Highest water temperatures in Transvaal rivers occur most frequently! 

during early summer before the first rains (Chutter 1967). Stream flows 

at this time are generally lowest. On one occasion in October, during a 

particularly hot dry spell, temperatures in some of the smaller stagnant 

pools of the Pienaars River near Pretoria were found to rise during the 

o 0 
day to levels between 31. 6 C and 32.5 C. Numbers of Choroterpes bugan-

densis nymphs were found in these pools, apparently unaffected by the high! 

temperatures. These nymphs were collected and brought back to the labora-

tory. ·After being held overriight at 32.5
0

C they were exposed to a number 

of temperatures in the ~ lethal range as was described earlier. The median, 

lethal 'temperature estimated on this occasion is in fact that shown- in tabl'el29. 

. 0 
On another day during the same month a temperature of 28.2 C waS 

recorded in the Braamfontein Spruit near Johannesburg. Numbers of nymphs 

of Baetis harrisoni were present. This temperature was well above the me­
l 

dian lethal temperature found earlier for winter nymphs. Quite large num-

bers of nymphs were to be found in the stream. Many were seen sponta-

i 

neously to release their hold on the substratum and to drift short distances' 

downstream, their bodies arched backwards slightly and their legs outstret6hed. 

Those that landed in a stagnant corner swam back into the flowing water with 

three or four jerking body movements. No nymphs were found dead, but a. 

large number were obviously behaving abnormally. 

: 
In a stagnant pool cut off from the main stream, the temperature .on 

o 
this day was found to be 29.6 C. Nymphs transferred from the river to 

this pool all died within 20 minutes. A number of nymphs collected at this 
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station on this occasion were brought back to the laboratory and held there 

° " " at 25 C for 24 hours. They were then exposed to lethal temperatures ~d 

their median upper lethal temperature estimated. These are the figures 

given earlier in tables 27 and 28. It seems" clear from these observations 

that temperatures were reached in the Braamfontein Spruit on this occasion 

which' were only very slightly below those which would have kill~d off the 

Baetis harrisoni nymphs. This ,vas' a rather rare occasion associated with 

warm weather and very low water flow." Efforts were made. during the same 

period to find other streams within reach of Pretoria irlwhich $imilar and 

perhaps even higher temperatures prevailed. "" .. The highest temperature mea.,.. 

sured during this period in any other" stream in which" Baetish~rrisbni were 

° found was 26.8 C. iIowever, temperatures higher than 30°C were measured 

irl several slow-flowirlg streams where Baetis" harnsoni nymphs could not be 

found. 

SUMMARY 

1. Summer nymphs of both species were more tolerant of high tempera-

tures than were winter nymphs. Median upper lethal temperatures for 

Baetis nymphs ranged from 27°C to 29.3
0

C irl ecdysis and from 30. 2°C 

to 31.2
0

C out of ecdysis irl summer, from 25.40C to 25. SoC irl ecdysis 

° ° and from 28.6 C to 28.9 C out of ecdysis in winter. Those for 

Choroterpes nymphs ranged from 35.90C to 36.20C irl summer and 

from 35.6
0

C to 35. SoC in winter. 

2. Median upper lethal temperatures determined usirlg nymphs collected 

during a heat wa;ve (29.30C irl ecdysis and 31. 7°C out of ecdysis for' 

Baetis, 36.2
0

C for Choroterpes) are assuinErl to approximate the 
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ultimate upper lethal limits for these species. 

3. 
. 0 

Upper lethal temperatures for wiriter Baetis nymphs rose about lC 

and those of Choroterpes rose about 0.3
0 

C . when they were held in 

the laboratory at higher temperatures than: those at which they had 

been living in the' field. 

4. Upper lethal temperatures of summer Baetis nymphs fell about 0.4
0

C' 

o . '. . 0 
to 0.6 C and those of Choroterpes nymphs fell about 0.05 C (if at all) 

when they were held in the laboratory' at temperatures lower than 

those at which they had been living in the field • 

5. 
. ' .' '. ' .' 0 
Very high water temperatures (up to 32.5 C) were observed in the 

Pienaars River during a period of hot dry weather. These high' 

temperatures had no apparent affect on the Choroterpes nymphs. 

They were considerably higher than the lethal. temperature for Baetis 

nymphs. 

6. Baetis nymphs were found on one occasion in the Braamfontein Spruit 

at temperatures at which they were barely able to survive (up to 

o 
29.6 C). These temperatures would have killed winter nymphs. 
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MORTALITY AND SURVIVAL OF LAST INSTAR NYMPHS OF BAETIS 
HARRISONI AND CHOROTERPES BUGANDENSIS AT HIGH TEMPERA­

TURES 

INTRODUCTION 

Results presented earlier have shown that nymphs of Baetis harrisoni 

were far more sensitive to high temperatures during ecdysis than they were 

at other times. Nymphs of Choroterpes bugandensis, on the other hand, 

appeared to be equally tolerant at all times. Last instar nymphs were 

not included in this earlier study, but for both species larger nymphs were 

. invariably found to be less tolerant than were smaller nymphs. Since Ide 

(1935) found some Ephemeroptera could not be bred out at higher tempera-

tures and since both Macan (1960) and Pleskot (1962) have described mayfly 

nymphs to be least tolerant of high temperatures during their last ins tar and 

final moult, observations were made here of mortality and survival of last 

instar Baetis harrisoni and Choroterpes bugandensis nymphs at high temperatures. 

Both Lyman (1944) and Macan (1963) have pointed out that most 

Ephemeroptera undergo their final nymphal moult and emerge as flying 

subimagines at night. They point out that this· might protect at least 

certain species from exposure of their last instar nymphs to maximal diur-

nal temperatures. Pleskot (1958) has also shown that. Baetis rhodani emer-

gence is stopped by heat. She does not suggest how this occurs, but it 

is known that heat can delay ecdysis in certain insects (Okasha 1968). 

PATTERNS OF EMERGENCE 

Tj!6IUleland (1960) has shown that subimagines of Choroterpes bugan-

densis emerge during the early evening and that the subimaginal moult takes 
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place fairly shortly after sunrise the next morning. This pattern of emergence 

was also shown by Choroterpes bugandensis both in the Pienaars River arid m 

the laboratory during the present study. 
< , 

Less is known of patterns of emergence of Baetis harrisoni. CrasS 

(1947) reported that emergence of this species took place during the day. 

Dui-ing the present study both in the Braamfontein Spruit and in the labora-

tory, sub imagines were observed to emerge during early and mid-morning. 

On one occasion, emergence was even observed during the afternoon. Most., 

however, emerged during the early morning. 

l\1A TERIAL AND METHODS 

Last instar nymphs of Baetis harrisoni and Choroterpes (Euthrauhis), 

bugandensis were collected and transported to the laboratory in the same way 

that other nymphs were brought in for experimaItation'. Thes~ nymphs were ex-

posed to high temperatures in shallow trays made out qf nylon gauze and sus-

pended in tanks which were held at constant temperature. A slow flow of 

water was supplied· into each tray from the outlet pipe of the thermostat- : 

heater. Chlorella or Scenedesmus cells were provided as food. Satisfac-' 

tory conditions for the maintenance of these nymphs appeared to beprovid~ 

in these trays •. If left there long enough they emerged, usually without 

difficulty • 

Relatively fewer last instar nymphs of Baetis harrisoni were found to 

die at normal temperatures than were smaller nymphs. POSSibly the last: 

instar nymphs were. easier to handle because of their size. As before, the 

median lethal temperature calculations were compensated and balanced for 
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"natural" mortality observed at normal temperatures (Finney 1952). 

LAST INSTAR NYMPHS IN CLOSED TUBES 

All last instar nymphs held in the experimental tubes in which smal-

ler nymphs were exposed to high temperatures died if kept long enough in 

the tube. All the Baetis harrisoni that died did so after the onset of ecdysis. 

Nymphs starting ecdysis became quiescent and stayed motionless for very 

long periods of time. These nymphs all had black wing buds. The Baetis 

that died during the experiment showed the same signs of ecdysis desclibed 

earlier for younger nymphs dying at high temperatures. They had loose 

outer skins and this outer skin had often split. The Choroterpes last instar 

nymphs also died in the tubes but did not show these symptoms. Most of 

those that died did so before the nymphal skin had split between the wing 

buds. 

MORTALITY IN OPEN TRAYS 

The experiments in which Baetis harrisoni and Choroterpes bugandensis 

final instar nymphs were exposed to lethal temperatures in open trays were 

carried out over a 1000 minute period of time, during which all the nymphs 

either emerged or died. Food was provided but the animals were not ob-

served to feed. The lethal temperatures calculated from observations made 

in· these experiments are summarized in table 30. 

These experiments were carried out in August at a time when stream 

temperatures fluctuated fairly widely between l4
0

C and l8
0 e. The median 

upper lethal temperatures for final instar Baetis harrisoniand Choroterpes 

bugandensis nymphs shown iIi table 30 were lower, than were those of 
/ 
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smaller nymphs tested during the same month (tables 21 and 23 of the 

previous secJ;ion). This difference was about 2
0

C for Choroterpes and was 

significant. For Baetis the difference was only O. ZOC and was not statisti-

cally significant, especially since the tests were carried out on different 

days of this month. 

TABLE 30 

lOOO-MINUTE MEDIAN UPPER LETHAL TEMPERATURES FOR FINAL 1 

INSTARBAETIS HARRISONI AND CHOROTERPES BUGANDENSIS NYMPHS 

, ! 

Number Test Lethal 
0 

temperature ( C), 95% ' 
Mayfly of temperatures confidence limits in 

nymphs (C) brackets , 
, 

Baetis 65 24.5 25.2 (24.8 to 25.6) , 
25.0 
25.5 
26.0 

-------------- ------------ ---------------- ------------------------------
Choroterpes 52 33.0 33.6 (33.3 to 33 .. 9) 

33.5 I 

34.0 
35.0 

, 

RATE OF EMERGENCE 

Simultaneously with the experiments in which last instar nymphs were 

exposed to lethal temperatures. parallel groups selected at random for each 

species were held at 20
o

C. Times to emergence both' of these nymphs and 

of the nymphs at high temperatures were observed. Relative numbers of 

Baetis harrisoni nymphs found to have emerged in the laboratory after diffe­

rent times at 20
0

C and at lethal temperatures, as well as the relative num-, 
J 

bers of Choroterpes bugandensis emerging on each of the three successive 
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nights at different temperatures, are shown in table 31. N one of these 

observations appear. to suggest that ecdysis of either species might be de-

. layed or stopped at very high temperature. 

TABLE 31 

EMERGENCE OF BAETIS HARRISON! AND CHOROTERPES BUGAN­
DENSIS IN THE LABORATORY AT DIFFERENT TEMPERATURES 

. 0 Daily emergence . (per' cent of total) 
Mayfly . Temperature ( C) 

first day second day . third 9ay 

Baetis 20.0 71 29 0 
24.5 82 18 0 

.25.0 91 9 0 
25~5 78 22 0 

. 26.0 80 20 0 
------------ -------------_ .... _-- ------------ -------------- -------------
Choroterpes 20.0 62 26 12 

33.0 59 30 11 
33.5 70 16 14 
34.0 62 35 3 
34~5 61 21 18 

SUMMARY 

1. Upper lethal temperatures of last instar Choroterpes nymphs were 

o . 
about 2 C lower than those of smaller nymphs at the same time of 

year. Upper lethal temperatures of last instar Baetis nymphs were 

not significantly lower than those of s:r:naller nymphs. 

2. . Ecdysis and emergence did not appear to be delayed in either species 

at increased temperature. 

..-I' 

I 
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EFFECTS OF LOW TEMPERATURES ON NYMPHS OF BAETIS 
HARRISONI AND CHOROTERPES BUGANDENSIS 

INTRODUCTION 
, 

Low temperatures have been widely considered important in limiting ; 

the range of freshwater animals, Jubb (1962), Poynton (1962) and Harrison 

0965a) believe the southerly distribution of certain fish, frogs and riverine 

invertebrates which also occur in tropical Africa to be limited in South 

Africa by low winter temperatures. Widespread mortalities of Tilapia 

mossambica, and sometimes of other fish as well, occur quite commonly 

during cold spells in parts of South Africa (Jubb 1962, Ernst 1965). 

Observations are reported here of chill coma and mortality at low 

temperatures of nymphs of two common South African mayflies, Baetis harri-

soni and Choroterpes bugandensis. 
I 

This investigation was not prompted by: 
'. 

any previous evidence that these species might from time to time be exposed 

to lethal temperatures. However, previous work had indicated that one 

species, Baetis harris oni , might occaSionally be exposed to lethal high tem';' 

peratures. Observations of the effects of low temperatures on ,these species 
I 

were then made for completeness~ 

Salt (1961a, b) and Kinne (1963) list a large number of fish and other , 

aquatic animalS of relatively warm climates which are known to become cola-

tose at water temperatures greater than OOC, especially if they have been " 

living at fairly high temperatures (Mellanby 1958). A number of different i 

poikilothermal animals are subject to chill coma at low temperatures. 

Symptoms in insects (for instance Payne 1926) and fish (for instance Doudoroff . .... ! 
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1!H2, UHf) arc similar and appear to indicatc that it is thcecntral nervous 

system which is primarly affected (Stroganov 1962). . Animals in ehill coma 

lose equilibrium completely,. lie motionless and after a while no longer re-

spond to any stimuli • 

. In fish, Doudoroff and others have distingUished two forms of chill 

coma. Primary chill coma occurs soon after trartsferto low temperature. 
.. , . 

Some of the fish succumbing to primary coma recover after a while at the 

same temperature. Secondary coma occurs much later and fish succumbin.g 

to it do not recover unless transferred to war'mer water. Pitkow (1960) 

found tJ::tat recQveryfromprimary chill coma· was facilitated by raising the 

dissol ved oxygen content of the water • He reasoned that this overcame the 

. shortage of oxygen supply to the brain caused by cessation of opercular move...; 

ments. Increased oxygen did not make these fish either less susceptible to 

. secondary coma o.r less liable to die while in secondary coma. 

The causes of cold death of poikilothermic animals are obscure 

(Payne 1927). Death of animals in secondary coma apparently depends on 

the. time spent in chill coma (Strog:anov 1962). Referring to insects, parti-

cularly terrestrial ones,. BurseH (1964) has sug ges ted. that. cold death might 

result from some metabolic upset. Doudoroff found that the marine fish 

he worked on were more resistant to secondary chill coma when they were 

in.isotonic miXohaline water. Wikgren (1953) found fish to lose salts at 

low temperatures. Houston (1962) and Ernst (1965) have both found f1'esh-

water fish to gain water and become bloated at low temperatures. This 

process started before their fish entered secondary chill coma and continued 

even after death. Dilution of the blood seemed a likely cause of death 
. ./ 



-128-

in these fish. It also seems likely, as Eliassen et al (1960) have pointed, 

out, that osmoregulatory failure in fish at low temperatures mighttesult 

from metabolic depression caused by the cold. 

Nymphs of Baetis harrisoni and Choroterpes bugandensis were exposed 

to low temperatures in waters of different salt content in the present study! 

I 
in order to see to what extent osmoregulatory effects might affect their CQld 

1 

tolerances. 

Cold tolerances of different animals have been found to be altered by 

acclimation to very different extents. Some insects held in the laboratory 

1 
at relatively cooler temperatures have been found to become much less su~-

ceptible to chill coma (Mellanby 1958, Colhoun 1960) and to survive colder' 

temperatures (Mellanby 1960). Other insects and invertebrates, on the 

other hand, have not been found to be affected by laboratory holding tempe-;­
! 

, I 
ratures (Payne 1926, Scholander et al 1953). Brown (1929) found Cladoce,ra 

collected at different times of the year to differ greatly in their temperatui'e 

tolerances but found no evidence of acclimation of these animals in the labo-

ratory. Rates of acclimation to decreased temperature have also been fo~d 
1 

to differ greatly. Doudoroff (1942) found that it took at least 20 days for 

a fish to become fully acclimated to a decrease in temperature, while 

Mellanby (1939) found an insect to require only 1 to 3 days for full acclima-

tion to take place. 

Acclimation to changed temperature conditions is known to involve 

compensatory changes in metabolic rates. Sayle (1928) found the oxygen 

uptake rates of dragonfly nymphs transferred to warmer and to cooler wat~r, 

respectively, to increase and to decrease. After a while they then both 

\ 
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returned to. the same intermediate value. Presumably fer this reaso.n, 

Dehnel and Segal (1956) fo.und the m~tabo.lic rates at lew temperatures o.f 

co.ld-acclimated insects to. exceed these o.f warm-acclimated o.nes • 

. Rae (1962) has shewn that several Cl.lfferent precesses take place 

during co.ld acclimatio.n. So.me o.f these changes invo.lve the. nervo.us sys-

tem (Presser 1966) and changes in metabo.lic rate appear to. be asso.ciated 

with a number of different bio.chemIcal changes (Serfaty and Laffo.nt 1965, 

Rae 1966a, b). 

MA TERlAL AND METHODS 

Nymphs. of <Baetis harriso.ni and Cho.ro.terpes bugandensis were co11ec": 

ted and bro.ught in to. the laborato.ry as has been described elsewhere. Ran-

do.m gro.ups o.f nymphs were held < in the labo.ratory fer 24 ho.urs at selected 

temperatures < and were then transferred to. experimental tubes and expo.sed 

as described in the relevant sectio.ns belo.w to selected lew temperatures 

"in the lethal range. The same <apparatus was used in these experiments 

as was described fer o.bserving the effects o.f fast water flew en nymphs. 

In all of the tests described here a water current speed o.f 10 cm/sec was 

maintained thro.ugh the exPerimental tubes. Experimental tubes of 1.6 cm 

internal < diameter were used thro.ugho.ut. The water flew at this speed 

< < , 

thro.ugh these tubes Was therefo.re laminar (Re = 1600). 

BEHAVIOUR AT LOW< TEMPERATURES 

< In o.ne series o.f experiments carried o.utbo.th in summer and in 

Winter, numbers of nymphs were held in the laborato.ry fer 24 ho.urs at 200.C 
. i ' 

0. 
and at 10 C. These were temperatures which were o.f the same o.rder as 
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those in which they had been living in the field on these two occasions. 1)1 

each case, random groups of these nymphs were placed in experimental tubes, 

Each tube was then transferred directly to 

one of a series of experimental tanks at a pre-set iow temperature in the 

lethal range and immediately coupled to the impeller which then drove a cur-

rent of water through the tubes. 

When exposed to low temperatures in this way I the nymphs either became 

quiescent or entered a state of chill coma similar to that described by Colhoun 

(1960). In this latter state they lost equilibrium, released their hold on the 

substratum and drifted with the current. During the succeeding three houl's 

or so, many of these comatose nymphs were observed to recover, to re-esta-

blish their hold on the substratum and to remain in a quiescent state until the 

end of the experiment. None of the individuals which recovered were observed 

again to enter coma. 
o 

Some comatose nymphs transferred to water at 15 C or 

20
0

C instantly recovered. Others did not and died. The sequence of these 

events observed at different low temperatures is illustrated in figures 18 and 

19 for summer and winter Baetis harrisoni nymphs and figures 20 and 21 for 

summer and winter Choroterpes bugandensis nymphs. 

In another similar series of experiments also carried out in summer 

and in winter, nymphs in their experimental tubes were again transferred to' 

the experimental tanks at the same temperature as that at which they had 

been held. The temperature in each experimental tank was then lowered· 

over six hours to a pre-selected test temperature. These animals reacted 

to low temperature in much the same way as had those directly transferred 

to cold water. Their reactions are shown in figures 22 and 23 for Baetis 
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harrisoni and figures 24 and 25 forChoroterpes bugandensis. 

In each of these experiments, more nymphs were seen to be comatose 

during the first four hours of exposure to cold water after direct transfer 
, 

from warmer water than after gradual decrease in temperature.' The shock 

of direct transfer evidently caused a greater number of nymphs to enter coma. 

From four hours after the beginning of exposure to low temperature, on the 

other hand, similar numbers of nymphs directly transferred and subjected to 

gradual temperature decrease were found to be comatose. 

CHILL COMA TEMPERATURES 

From the numbers of nymphs recorded in figures 18 to 25 to have 

been comatose after different exposure times, median effective temperatures 

,were estimated by probit analysis (Finney 1952). These were the tempera-

tures' at which 50 per ceritof nymphs would have been expected to be comatose 

after each exposure time considered. Median effective temperatures estima-

ted in this way for Baetis harrisoni are shown in figure 26, while those for 

Choroterpes bugandensis are shown in figure 27. 

Baetis harrisoni nymphs are revealed in thses results to have been 

more tolerant of low temperatures throughout than were Choroterpes bugan-

densis nymphs. Winter nymPlls of both species were significantly more 

tolerant than were summer nymphs. Almos t no shock effect was evident 

in the case of winter nymphs, presumably because the difference between 

holding and test temperatures was small. In all cases shock only appeared 

to affect results within the first four hours. 
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Figure 18 

Numbers of summer Baetis harrisoninymphs com'l-tose (expressed 

per cent) at intervals of time after direct transfer to low teinpe-

rature. Stars represent superimposed pOints. 
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Figure 19 

Numbers of winter Baetis harrisoni nymphs comatose' (expressed 

per., ?ent) at intervals of time after direct transfer to low tem-

perature; 
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Figure .20 

Numbers {){. ·summer Choroterpes'bugandensisny.mphscomatose 

(expressed per:cent) at Intervals of tlmeafterdirect transfer· 

to low temp·erature. 
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Figure 21 
. . . 

Numbers of winter Choroterpes bugandensisnymphscomatose 

(expressed per cent) at intervals of time after direct tranSfe:r 

to low temperature. 
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Figure 22 

Numbers of summer Baetis harrisoni nymphs comatose (expressed 

per cent) at intervals of time after drop in temperature over six 

hours. Stars represent superimposed points. 
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Figure~3 

Numbers of winter Baetis -harrisoni nymphs comatose (expressed 

per cent) at intervals .of ti1l1eafter drop in temperature over six 

hours. 



-143-

o 

(lue:> Jed) eSOlewo:> slew!u" 

u; 
II) -:s c 
E 

II) ... :s -CtI ... 
II) 
tl. 
E 
II) -
-CtI 
II) 

E 
~ 



-144-

Figure 24 

Numbers of summer Choroterpes bugandensis nymphs comatose 

(eXpressed per cent) at intervals of time after drop in temperature 

over six hours. 
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Figure 26 

Median chill coma temperatures for Baetis harrisoni nymphs, 

calculated for different times of exposure to low temperature 

as follows: 

open triangles summer nymphs transferred directly 
to low temperature 

open circles summer nymphs, temperature decreased 
over six hours 

closed triangles - winter nymphs transferred directly to 
low temperature 

closed circles winter nymphs, temperature decreased 
over six hours 
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Figure 27 

Median chill coma temperatures for Choroterpes bugandensis 

nymphs, calculated for different times of exposure to low tempe-

rature as follows: 

open triangles summer nymphs transferred directly 
to low temperature 

open circles summer nymphs, temperature decreased 
over six hours 

closed triangles - winter nymphs transferred directly to 
low temperature 

closed circles winter nymphs, temperature decreased 
over six hours 
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MORTALITY AT LOW TEMPERATURES 

In an experiment carded out in summer only, Baetis harrisoni and 

Choroterpes bugandensis nymphs brought in from the field were held in the 

o 
laboratory at 20 C for 24 hours. Groups of these nymphs were then trans-

ferred in experimental tubes directly into four, test temperatures. At inter-

vals of time thereafter groups were removed from the experimental tanks. 

Numbers of nymphs in these groups found to be comatose and numbers re-

covering when transferred to water at 20
0

C were noted. The mortality ob-

served in these experiments of Baetis and of Choroterpes nymphs are shown, 

respectively, in figures 28 and 29. 

It was found in these experiments that some nymphs of each species 

died quite early on in the experiment. Others survived for a relatively 

long period in a comatose state before dying. The proportion of animals 

found dead increased with time of exposure and all of the nymphs still in 

coma after four hours would apparently have died eventually if left' at the 

test temperature. A distinction might therefore be drawn between the 

comatose state from which nymphs were observed to recover at the same 

temperature, perhaps resulting from shock at sudden exposure to lowtem-

perature, and the Similar state from. which nymphs apparently were not 

able to recover if they were not transferred to warmer water. The first 

began within five minutes or so of transfer to cold water and was restricted 

to the firs t four hours of exposure. The second could also apparently 

occur within a relatively few minutes, but continued until death. 

In fish, Doudoroff (1945) and others have distinguished a primary chill 

coma state occurring relatively soon after exposure,from which ildiVDuaS might 
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or might not recover at the same temperature, and a secondary coma only 

occurring much later. The two kinds of coma found here might superfi-

cially be compared to the primary and secondary chill coma of fish. However, 

in fish these two states differ clearly from one another not only in time, but 

also in the degree to which they are influenced by dissolved oxygen concen­

tration and salinity (Pitkow 1960). In the mayfly nymphs studied here no 

such clear-cut distinction can be drawn. 

NYMPHS OF DIFFERENT SIZES 

In another summer experiment carried out for Baetis harrisoni and 

for Choroterpes bugandensis, nymphs of different sizes were held in the 

laboratory for 24 hours at 20.0 C and then transferred in experimental tubes 

directly into water at four different test temperatures. Numbers in :coma 

were noted at intervals of time thereafter. At the end of the experiment 

the length of each individual, excluding antennae and cerci, was measured 

under a microscope. The results obtained are shown in figures 30 and 

31 for Baetis and· Choroterpes respectively. These results indicate that 

for both species the different size groups did not differ greatly in their 

susceptibilities to chill coma, but that the larger nymphs (body length 5.0 . 

to 6.5 mm for Baetis and 4.5 to 6.0 mm for Choroterpes, as were used 

in all other experiments) were less susceptible to chill coma than were the 

smaller nymphs. 



-154-

Figure 28 

Numbers of Baetis harrisoni nymphs dead (expressed per cent of 

animals in chill coma) after different times at the following low 

temperatures: 

circles 

triangles 

squares 

o 
4.5 C 

o 
6.5 C. 

Stars represent superimposed points. 

/ 
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Figure 29 

Numbers of Choroterpes bugandensis nymphs dead (expressed per 

cent of animals in chill coma) after different times at the following 

.. temperatures: 

circles 

triangles 

squares 

o 
5.0 C 

o 
7.0 C. 

Stars represent superimposed points. 
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Figure 30 

Numbers of summer Baetis harrisoni nymphs of different sizes ' 

comatose (expressed per cent) after different times at low tempe-

rature. Sizes as follows: 

closed triangles, circles 
and squares 

shaded triangles, circles 
and squares 

open tiiangfes, circles, 
, and squares 

Temperature' as follows: 

triangles (pOint up ) 

triangles (point down) 

circles 

squares 

body length 2.0 to 3.4, mm 

bO,dy'length 3.5 to 4.9 mm 

body length 5.0 to 6.5 mm. 

o ' 
7.0 C • 

'Stars represent superimposed points. 
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Figure 31 

Numbers of summer Choroterpes bugandensis nymphs of different 

sizes comatose (expressed per cent) after· different times at low 

temperatures. Sizes as follows: 

closed triangles, circles 
and squares 

shaded triangles, circles 
and squares 

open triangles, circles 
and squares 

Temperatures as· follows: 

triangles (point up) 

triangles (point down) 

circles 

squares. 

body length 1.6 to 2.9 mm 

body length 3.0 to 4.4 mm 

body length 4.5 to 6.0 mm. 

o 
7.5 C. 

Stars represent superimposed points. 
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COLD ACCLIMATION 

Comparison of figures 18 and 22 with figures 19 and 23, and of figures 

20 and 24 with figures 21 and 25 shows that summer nymphs of both species 

tested were much more susceptible to chill coma than were v.'inter nymphs. 

Experiments were therefore carried out to see to what extent nymphs gained 
. ~.~: j • " , . 

. . 

ot lost cold tolerance when. held in, the laboratory at different temperatures. 

Separate experiments were once again: carried out usfug BaeUs harrisoni and 

. . - ." 

Choroterpes bugandensis nymphs.' 

For each species, summer nymphs were collected. and held in the 

, . 0 
laboratory for 24 hours at 20 C. Thereafter, the population was divided at 

random into four groups, one of each of which was then tr~sferred to trays . . .' . ~ 

Random subgroups of each were'removed. from each of these, after one, . two, 

three and four days and tran$ferred in experimental tubes to four test tem~ 

peratures in the low lethal range. Numbers in coma and numbers notreco-

vering in water at 200 C were then noted. at the end of 1000 minutes' exposure 

for each subgroup. 

Median effective chill coma temp~ratures for 1000 minutes i exposure 

were calculated by probit analysis from these results for each acclimation 

temperature and time. The effects of acclimation on chill, coma temperatu-

re are shown in figure 32 for Baetisharrisoni and in fi~re 33 .for Choroter-

pes bugandensis. 

These results show that acclimation to low temperature by· summer 

nymphs of both Baetis and Choroterpes took place when these animals were -.,.. '- .'. . '~> ... t- • l.. ._ ' 

held in the laboratory at 10
0

C and 15
0

C. Nymphs held at these tempera-
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tures progressively gained in cold tolerance. The median chill coma tem-

o 
peratures of Baetis nymphs held at 20 e and of ehoroterpes nymphs held 

0e o. . either at 20 or at 25 e, on the other hand, did not alter Significantly. 

The chill coma temperatures of nymphs held at 10
0

e and at 15
0

e did not· 

differ Significantly from one another. Baetis nymphs held for a day at 

o 
25 e were found to have lost cold tolerance (not shown in the figure), 

o 
possibly because 25 e was close to the lethal temperature for this species 

and had a deleterious effect on these nymphs. 

For comparison with these results, the 1000-minute median chill 

coma temperatures for winter Baetis and ehoroterpes nymphs, estimated 

respectively from figures 19 and 23, have been shown in figures 32 and 

33 as broken lines. Summer Baetis acclimated at 100e for four days 

were still found to be Significantly less tolerant of low tem~erature than 

the winter nymphs had been. It seems possible that winter Baetis nymphs 

might differ from summer nymphs by more than merely a short~ term physio-

logical adjustment to environmental temperature. The chill coma tempera-

ture of summer Choroterpes acclimated in the laboratory at 10
0

e for four 

days, on the other hand, did not differ very greatly from that of winter 

nymphs. Acclimation appears to be sufficient to account for the observed 

difference in cold tolerance of winter and summer nymphs of this species. 

The rate of gain in cold tolerance of ehoroterpeswith acclimation at lOoe 

and l5
0
e, however, was rather lower than that of Baetis. 

A similar pair of experiments was carried out during winter to see 

to what extent winter nymphs might lose cold tolerance while being held in 

the laboratory at higher temperatures. One experiment again dealt with 
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Figure 32 

lOOO-minute median chill coma temperatures for summer Baetis 

harrisoni nymphs held in the laboratory at the following temperatures: 

circles 20
0

C 

squares 

triangles 

95% confidence limits shown about each median value. The median 

chill coma for winter nymphs shown by a broken line. 
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Figure 33 

1000-minute median chill coma temperatures for summer Choroterpes 

bugandensis nymphs held in the laboratory at the following tempera­

tures: 

diamonds 

circles 

squares 

triangles 

25°C 

20°C 

15°C 

10°C. 

95% confidence limits shown about each median value. The median 

chill coma temperature for winter nymphs shown by ,a broken line. 

( 

, 
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Baetis harrisoni and the other with Choroterpes bugandensis. Nymphs were 

o . . . 
collected and held for 24 hours at 10 C, a temperature a little below actual 

stream temperatures at the time of collection. Thereafter ,groups were 

transferred to water maintained at 10°C, 15°C, 20
0

C and, in the case of 

o 
Choroterpes only, 25 C. They were held here for one; two, three and 

four days before being transferred directly to low temperatures ill the lethal 

range. As before, numbers of nymphs comatose after 1000 minutes' expo-

sure were counted and median chill coma temperatures estimated from these 

observations. 

The results of these experiments are illustrated in figqres 34 and 

35. '. As may be seen, the median chill coma temperatures of nymphs held 

at different temperatures did not differ very greatly. Very few of the 

values obtained could be demonstrated to differ Significantly from one another~ 

However, a rank correlation test (Kendall 1955) confirmed the Significance of 

the observation that the chill coma temperatures of nymphs held in the labo-

00· . '. 
ratory at 10 C and 15 C were conSistently lower that those of nymphs .held 

at higher temperatures (p< 0.01 for Baetis, p < 0.001 for Choroterpcs). 

From this it seems that. the chill coma temperatures, of winter nymphs were 

increased as a result of the time they spent at 20
0

C and 25
0

C, but that the 

changes in chill coma temperature that occurred were small, of the order 

of 0.2
0

C for Baetis and 0.4
0

C for Choroterpes. None of the winter nymphs 

held here at summer temperatures was found to be as int9lerant of low 

temperatures as had summer nymphs previously been found' to be. To 

illustrate this point, the median chill coma temperatures for summer nymphs 

held at 20
0 

C estimated from. figures 17 and 21 have been indicated in figures 

34 and 35 by broken lines. 

\ 
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SALINITY AND DISSOLVED OXYGEN 

Pitkow (1960) has shown that death during primary chill coma of the 

freshwater fish he studied was caused or at least aggravated by oxygen lack. 

Doudoroff (1942, 1945) and Ernst (1965), on the .other hand, found that secon-

dary chill coma in the marine and euryhaline fish they studied was influenced 

by the salinity of the water. This 'so'rt; bf information can be of great impor~. 

tance in providing clues as to the mechanisms; of lethal effects of low tempe-

rature on the animals concerned.' Separate experiments were carried out 

for Baetis harrisoni and for Choroterpes bugandensis in order to compare the 

cold tolerances of these nymphs in. different· salinities and dissolved· oxygen con-

centrations. 

1000-minute chill coma temperatures for. summer Baetis harrisoni 

. nymphs held in' the laboratory-at' 200 C f6r'24 hours ~and then exposed, to 

different 10w'tempe'ratUres in'the'letha1 rartge"'inwater with dissolved oxygen 

. contents of 4 mg/l and about 10 mg/l, and in water containing 31 mg/l and 

500 mg/l total dis sol ved solids are shown in table 31. Equivalent data for 

Choroterpes bugandensis are shown in table 32. The median chill coma 

temperatures estimatoo at the two levels of dissolved oxygen and at the two 

salinities were not significantly different from one another. 

FIELD OBSERVATIONS 

Low water temperatures may be expected in Transvaal streams either 

during winter cold spells or after hailstorms. The lowest temperature recor-

ded during this study in the Braamfontein Spruit was 6.5
0

C on one occasion 

in winter. 
." 0 

In the Pi enaars River a temperature of 7.5 C was recorded on one 
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Figure 34 

lOOO-minute median chill com~ temperatures for winter Baetis 

. harrisohi nymphs . held in the laQoratoryatthe followingte;mpe!,", 

ratures: 

circles 

squares 

triangles 
o . 

.10 C. 

95% confidence limitS are· sl1ownabout each m¢iah value. 

The median .chill coma temp~raturefor summ~r nymphs 'is shown 

by 'a proken line •. 

" 
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Figure 35 

.~ 

lOOO-minute median 'chill coma temperatures for winter Choroterpes 

btigandensis nymphs held in the laboratory at the following tempe-

ratures: 

diamonds 

circles 

squares 

triangles' 

95% confidence limits are shown about each median value. 

The median chill coma temperature for summer nymphs is 

shown by a broken line. 

, .. 
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TABLE 3i 

1000-MINUTE MEDIAN CHILL' COMA TEMPERATURES FOR SUlVIMER BAETrS 
HARRISONI NYMPHS; IN WATER CONTAINING 4 mg/lAS OPPOSED TO 
ABOUT 10 mg/l DISSOLVED' O~GEN, AN.D ,IN WATER CONTAlNING' 500 mg/l 

, AS OPPOSED TO 30 mg/l DISSOLVED, SOLIDS, ' 

" 

Dissolved ,Median effective Dissolved ,Number Test chill coma 
, .. ,> 

"solid,~' 
.. of h:iinpera"tures 

' ,,' "0" 
95% oxygen 'temp~rature'( C), 

, (mg/l) (mg/l) nympp.s tC) , confidence limits in' brackets 
, , 

i 

10 30 160 5.0 5.6, (5.2'to 6.0) , 
: 

+ - 5.5 
6.0 .. ' ' ," 

6.5 
' " ----------- ----_. ----- --------- --------~ ..... ----- ---------------------------

4 30 160, 5.0 5.9 (5.4 to 6.4) : 
, " ; 

" 5.5 
6.0 
6.5 

-t- 10 30 160 5.0 5.8 (5.4 to ~.2) - 5.5 
," 

6.0 
6.5 ----:-_ .... _--- ------------ ,-"-,;..------ -----,--------- ---------------------------" , 

+ 10 '500 160: 5.0 5.6 '(5.2 .to 6.0) t· ... 
" 

5.5 
6.0 

," 

6.5 

, ' , 

, , 

occasion;' also, iIi winter~ 'These par,ticuIar temperatureswoUld.not have' caused 

mortality of winter nymph~ of : either species, , but could cause niortalities of 
. . . . ": . 

. " ',' ' " 

Much' lower temperatui~s summer nymphs if they persisted, fo; sometime. 
. . :." . 

than ,thes'e'are thought to'occur'from' time to time 'in these'streams ,and' in . . . ."; 

other rivers in which these sp¢cies live. ,Allanson (1961)has seen ice oil the 
. 4~ .". 

Jukskei River in winterood 'Oli~f ( 1960a) has rec~rded temperatUres beloW" 

freezing in the Tugela system., Both .the Pienaars River and the Braamfon.,. 

tein Spl"Uit were viSited after fairly heavy hailstorms, 'but temperatures in 
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TABLE 32 

1000-MINUTE MEDIAN CHILL COMA TEMPERATURES FOR SUMMER 
CHOROTERPES BUGANDENSIS NYMPHS, IN WATER CONTAININ"G 4 mg/l 
AS OPPOSED TO ABOUT 10 mg/l DISSOLVED OXYGEN, AND IN WATER 
CONTAINING 500 mg/l AS OPPOSED TO 30" mg/l DISSOLVED SOL1DS 

Dissolved Dissolved Number Test Median effective chill coma 
oxygen solids of temperatures temperature tC), 95% con-
(mg/l) (mg/l) . nymphs. 

0 
fidence limits brackets ( C). " in 

+ 10 30 160 6.0 6.7 (6.1 to 7.3) 
- 6.5 

7.0 
7.5 

----------- ---------- -------- ------------- ---------~-----------------

4 30 160 6iO 6.6·(6.2 to 7.0) 
6.5 

. 7.0 
7.5 

+ 10 30 160 6.0 6.5 (6.2 to 6.8) 
- 6.5 

7.0 
7.5 . . ----------- ---------- --------- ------------ ---------------------------

+ 10 500 160 6.0 6.5 (6.0 to 7.0) 
- 6.5 

7.0 

I 
-

7.5 
, 

the lethal rarige were not . recorded. The lowest water temperatUres measured 

in the Pienaars" River after a hailstorm was 13.1
o

C. This was well above 

the chill coma temperature for Choroterpes bugandensis and nymphs' in" the· 

river appeared to have suffered no ill effects. On "this occasion the tempe-

rature subse<:J.uently rose again to 18
0

C within two hours. In all probability, 

low water temperatures after hailstorms do not persist for very much longer 

than a very few hours. 
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This information is a little inoonclusive, . but it does seem that tempe­

ratures ill the lethal range might easily occur from time to time during excep-

tionally cold spells in winter. It is not inconceivable that numbers of nymphs 

might be killed during· such spells, if they are of sufficiently long duration. 

The laboratory results seem to indicate that exposure to low temperatures qf 

a few hours only, while they might cause nymphs to go into coma, woUld not 

be lethal. 

SUMMARY 

1. Baetis and Choroterpes in cold water either became quiescent or else 

within minutes entered a state of chill coma in which they lost equilibrium. 

drifted with the current and dip not respond to physical stimulation, 

2. Some of the nymphs that became comatose at low temperature recovered 

at the same temperature within about four hours and did not become . 

comatose again. 

temperature. 

Other did not and did not recover if kept at the same 

3. Some comatose nymphs immediately recovered when transferred to warmer 

water. even after prolonged periods in coma. The proportion of nymphs 

recovering in warmer water depended on the time they had been at low 

temperature rather than the low temperature itself. Median times to 

death of nymphs in coma wer:e of the order of 1700 minutes for Baetis 

. and 2500 minutes forChoroterpes at all temperatures tested. 

4. Baetis nymphs were more tolerant of cold than were Choroterpes nymphs. 

1000-minute median chill coma temperatures bejng 5.7oC in summer and 

3.4
o

C in winter, 6.5
0

C in summer and5.5
0

C in winter for Choroterpes. 
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5. Smaller nymphs of boj;h spec~es were slightly more susceptible to chill 
! f 

. " . . 

coma than were larger nymphs. 

6. Neither dissolved oxygen concentration nor salinity materially affected 

the abilities of nymphs of either species to. tolerate low temperatures Q ,. . . 

7. Winter ,nymphs of both species were Significantly more tolerant of cold 

. than were summer nymphs (see 4 above). 
• . ' • -, ,< 

8. Summer nymphs became more tolerant of low temperatures when held 
• > , • t • 

for one. or more days at temperatures cooler than those in which they 
. ' . : - ,', 

had been living in thefield, the median chill coma temperature of . 
. -'; . 

Baetis ,nymphs being reduced Oy 1
0 

C,' that of Choroterpes nymphs being 

. a 
reduced by 0.8 C. 

9. Winter nymphs became slightly less tolerant of low temperatures when 

held for one pr more days at temperatures higher than those in which 

they had been living in, the field. Changes in chill coma temperature 

that were observed were of the order of 0.2
o

C for Baetis nymphs and 

a 
0.4 C for Choroterpes. 
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MORTALITY AND SURVIVAL OF BAETIS HARRISONI AND CHOROTERPES 
BUGANDENSIS NYMPHS AT LOW CONCENTRATIONS OF DISSOLVED OXYGEN 

INTRODUCTION 

It has long been known that aqllatic animals differ widely in the~r 

abilities to tolerate low concentrations of dissolved oxygen, and· that low 

oxygen concentrations, usually associated with the decompOSition of organic 

matter, make certain situations unavailable to less tolerant species (Hy:p.es 

1960). Well aerated streams are characteristically inhabited by animals that 

appear to be relatively sensitive to oxygen lack, notably the nymphs of cer- . 

tain Ephemeroptera (Hubault 1927, Verrier 1948a). Poorly oxyg~nated waters, 

on the other hand, are often inhabited by animals able to survive oxygen lack, 

of which the larvae of certain Chironomidae.are perhaps the best known 

(Harnisch 1951, Thienemann 1954). Observations are reported here of mor-

tality and survival at low concentrations of dissolved oxygen of nymphs of 

two common South African mayflies, Baetis harrisoni and Choroterpes 

bugandensis and the significance of these observations is discussed in rela-

tion to what is known of the ecology of the two species. 

Studies of the dissolved oxygen requirements of different freshwater 

animals have been undertaken by a number of workers. It has. also been 

recognized that the nymphs at least of certain Ephemeroptera require movement 

of the water around them in order to obtain sufficient oxygen (Avel and Avel 1932~ 

Verrier 1948a ). The same applies to the larvae of certain Trichoptera 

(Philipson 1954) and to the nymphs of some Odonata (Zahner 1959) and 

Plecoptera (Knight and Gaufin 1964, DeWitt 1964). In fact, Ruttner (1926) 
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speaks of the "respiratory value!! of flowing water. .Ambillll (1959) has shown 

that minimal dissolved oxygen concentrations. reqUired by cer.tainaquatic 

larvae and nymphs, most notably the nymphs of a spec;:ies of Baetis, 

decrease rapidly with increase in water current· speed in the range 0 to 

6 cm/sec. He also found that rates of oxygen uptake by these animals 

that wer.e favoured by waterflow increased with increase in cu,rrent speed. 

He reasoned that the a:vailability of oxygen to his animals was limited by 

the rate 'Of diffusion of oxygen to them.. Animals in stagnant water evident-

ly bec~me surrounded by oxygen-depleted water. In flowing water the 

pxygen-d,epleted. water would have been swept away and replaced by oxyge- . 

genated water. 

Of all aquatic ,animals, most is known of the oxygen uptake rates 

and requirements of freshwater fish (Fry 1957). It is ·of interest to llote 

that Shep~rd (1955) found the lethal low oxygen conoentration for one. species 
. . 

of fish,' Salvelinus fontinalis, to decrease somewhat for animals held for a. 

few days at relatively low but non-lethal oxygen concentrations. Among 

Similar individuals transferred. back to well oxygenated water he found the, 

lethal oxygen concentration to hive increased again. This reversible adjust-

ment to oxygen conditions appeared to be brought about by a change in the 

oxygen capaCity of the blood and not by a change in the rate of oxygen 

uptake • This would be impossible for the nymphs of Baetis harrisoni 

. and ChoroterPes bugandensis ~ince, like many other aquatic insects, these 

have a closed tracheal system. Any adjustment to oxygen conditions by 

these animals would therefore have had to have been brought about in a 
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very different way to that shown by Salvelinus. 

Certain chironomid larvae able to live in bodies of water which become 

anaerobic have been found to possess several interesting adaptations which en-

. able them to survive these conditions • Some of these possess haemoglobin 

. which Walshe (1950) has shown to store up oxygen which can be used during 

times of temporary oxygen lack. Other have been found to various extents 

to be able to utilize anaerobic metabolic pathways during temporarily anoxic 

conditions (Harnisch 1936, Augenfeld 1967). Certain of these and other ani-

mals have in fact been found to be killed by high dissolved oxygen concentra­

tions (Harnisch 1951) or to grow more rapidly in relatively low oxygen con-

centrations than they did in well aerated water (Fox and Taylor 19~5). Both 

Baetis harrisoni and ChoroterJ?es bugandensis appear only to live where oxygen 

is present. It seems t!.nlikely that they should share these features with the 

Chironomidae and other animals of anaerobic waters. 

were not investigated in the present study. 

MA TERIAL AND METHODS 

However, these aspects 

Baetis harrisoni and Choroterpes bugandensis nymphs were collected 

as before and populations .were held at20
0

C in oxygen-saturated water in the 

laboratory for a day before being used in experiments •. 

Dissol ved oxygen concentrations were maintained at selected levels in 

the experimental tanks by bubbling throllgh the water suitable mixtures either 

of nitrogen and air or of oxygen and air. The tanks were carefully covered, 

so .that the space above the water became filled with the gas mixture supplied 

and the proportions of nitrogen and oxygen in the water and in the gas mixture 
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were allowed to reach an equilibrium. The required proportions of gases 

iIi the mixture were calcUlated in advance and adjusted both during. a 48 

hour equilibration period and duriIig the experiment itself.· Dissolved 

oxygen concentrations in each experimental tank. were measured at frequent 

intervals during an experiment. Oxygen concentrations normally remained 

within 0.1 mg/l of desired values, although occasional deviations of 0.2 mg/l 

wereobservecL. The very lowest oxygen c.OI1'centrations were the easiest to 

:maintaiIi. '. 

Experimental tubes of differiIig internal diameter were used in order 

to. obtain· different water current speeds and laminar or turbulent flowcharac-

teristics as :these were required. A small number of tubes were connected 

in series in each tank.. In some instances, two tubes were connected in 

parallel iIi order- to get half the flow rate that would have been realiz,ed iIi 

a siIigle tube. 

'Stagnant conditions could not be maintained iIi the tUbes, siIice respi­

ration of the nymphs over 1000 minutes was found to alter the dissolved 

oxygen concentration in the water trapped iIi the tubes. Tests requiring 

non-flowing water had therefore to be carried out in nylon gauze trays 

10 cm x 10 cm suspended in the experimental tanks. 

Water quality and temperature were carefully controlled in these 

experiments in ·the way described earlier. Experiments were carried 

out over 250 or ·1000 minutes and numbers of nymphs dead and alive 

counted at'the ,end of these exposure times • Median lethal dissol ved 

oxygen concentmtions were calculated from these ·observations by probit 

analysis (Finney 1952). 
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CHOROTERPES 

Choroterpes bugandensis nymphs were exposed to a number of different 

·low levels of dissolved oxygen at three current speeds for each of laminar and 

turbulent flow and for exposures of 1000 and 250 minutes. Median lethal low 

concentrationS of dissolved oxygen estimated from. this ·experiment for· each 

current speed are shown in tables 33 and 34. As may be seen, nymphs of 

this species were found to be able to tolerate relatively low concentrlltions of 

dissolved oxygen. The lethal oxygen concentrations in stagnant water (i. e. 

in the gauze trays) were Significantly higher than those in flOwing water (i. e. 

in the tubes) for both 1000 and 250 minutes I exposure. The lethal concentra­

tion in 2.6 cm/sec laminar flow for 1000 minutes! exposure was also signifi-

cantly higher than those at faster {lows. For each exposure time, the. 

rest of the lethal concentrations estimated did not differ significantly from 

one another. 

The experiment that yielded these results could not be carriEd· out 

on one day and was carried out in four parts on different days. The diffe.., 

rent combinations of flow and oxygen concentration to be tested were distri­

buted at random among the four days on which the parts of th~ experiment 

were conducted. 

Under normal conditions, the abdominal gills of Chore>terpes bugandensis 

nymphs beat continuously and rhythmically at a fairly rapid rate. At concen-

trations of dissolved oxygen below 1. 5 mg/! the gills beat rnoreslowly and 

stopped beating for short periods from time to time, especially after prolon-

ged exposure. At concentrations near the lethal limit the gills beat only 

in weak intermittent bursts. Animals in lethal levels of oxygen were seen 
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TABLE 33 

1000-MrnUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA­
. TIONS FOR CHOROTERPES BUGANDENSIS NYMPHS AT 20

0
C AND rn 

DIFFERENT WATER CURRENT SPEEDS 

r--------,-:-----,~~_:__~---,-,,,..._;.,_---~---_;_---------- .. , 
Oxygen I 

I 

Nature 
of 

flow 

laminar 

I 

Current Tube 
speed ~iameter 
(cm/sec) (cm) 

6.8 1.6 

~~~~er 
'pr' 

nymphs 

160 

test Lethal oxygen concentra-
concen- tion (mg/l) , 95%confi­
trations dence limits in brackets 
(mg/l) 

0.5 0.62 (0.59 to 0.65) 
0.6 

I 

0.7 I 
---~:~---~-----------------------~ 

0.4 0.56 (0.54 to 0.58) I 
0.5 I 
0.6 ! 

----------- --------- ------------------ ---~:~---------------------------~ 
laminar 

turbulent 

12.0 1.2 160 0.4 0.55 (0.53 to 0.57) 
0.5 
0.6 
0.7 

--------- ------------------ ----------------------------------
<0.2 open 160 0.6 0.75 (0.72 to 0.78) 

0.7 
0.8 
0.9 

----------- --------- ------------------ ----------------------------------
turbulent 6.5 5.0 160 0.4 

0.5 
0.6 

0.58 (0.53 to 0.63) 

1

_---------- ---------

turbulent 12.0 
! 0.5 

2.6 160 

0.7 I 
---------~-----'-------------------I 

0.4 0.54 (0.51 to 0.58) ! 
I : 

1 ~: ~ I ;, _____ ..!..-___ --'-___ -.l. ____ ..!..-___ ~~ __________ ' 

to stay motionless for long periods, but to give very occasional and very 

short bursts of gill fluttering. Many were fOlUld able to survive for several 

hours in this condition. When transferred to aerated water they immediately 

rec~vered and started beating their gills normally again. 

~~'~'..r' ...... '. ',.," 
~:. ~ .. 

. , .• y .•. 

"'. '. 



TABLE 34 

250-MINUTEMEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRATIONS 
FOR CHOJ\OTERPES BUGANDENSIS NYMPHS AT 20

0 
C AND IN DIFFERENT 

WATER CURRENT SPEEDS 

Oxygen : 

Nature Current Tube Number test Lethal oxygen concentra-
of speed diameter of concen- tion (mg/l) , 95% confi-

flow (cm/sec) (cm) nymphs trations dence limits in brackets 
(mg/l) 

laminar 2.6 2.6 160 0.3 0.47 (0.43 to 0.51) 
0.4 

I 
0.5 
0.6 

I 
I 
1 

I 
I 
I 

I 
1 

1 
------------ --------~--------- -------- ---------- -------------------------
laminar 6.8 1.6 160 0.3 0.38 (0.32 to 0.44) 

0.4 
0.5 
0.6 _._----------1--------- --------- ------- ---------- -------~-----------------

laminar 12.0 1.2 160 0.3 0.45 (0.42 to 0.48) 
0.4 
0.5 
0.6 

-----------~ --------- --------- ------- ---------- -------------------------
turbulent <0.2 oRen 158 0.3 0.52 (0.48 to 0.54) 

0.4 . 
0.5 
0.6 

------------ --------- --------- ------- --------- ----------------~--------
turbulent 6.5 5.0 160 0.3 0.46 (0.41 to 0.51) 

0.4 
1 0.5 

0.6 
----------- --------- --------- ------- --------- -------------------------

tqrbul€mt 12.0 2.6 160 0.3 0.46 (0.43 to 0.49) 
0.4 
0.5 

I O~6 

It is perhaps of interest to note here in passing that the rate of aJ:xlo-

minal gill beats of nymphs of the related Choroterpes (Choroterpes) ndebele 

Agnew, also from the Pienaars River, was observed incidentally to the pre-

sent study to decrease very evenly with decrease in dissolved oxygen concen-
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tration. At a concentration in the neighbourhood of 1 mg/l, which the 

nymphs were able to survive for more than 250 minutes, the gills stopped 

beating entirely. When the dissolved oxygen concentration was raised 

slightly the gills immediately restarted and the animals recovered. The 

dissolved oxygen concentration at which the gills were just stopped presumably 

corresponded to the !1level of no excess activity" defined by Fry (1947). 

No clearcut "level of no excess activity" was observed for Choroterpes 

bugandensis. 

BAETIS 

Preliminary experiments with Baetis harriSoni soon indicated that 

for this species water current speed and the lethal low dissolved oxygen 

concentration were very closely interrelated. Also, many of the nymphs 

Of this species found dead after exposure to low dissolved oxygen concentra-

tions were found to have died during ecdysis. They showed the same symp-

toms, looseness and thoracic splitting of the skin, flexion and so forth, as 

had nymphs exposed to high temperatures and described in an earlier sec-

tion. For this reason, the statistics of mortality during and out of ecdysis 

had to be computed separately, as had been done .for high temperature stu-

dies. This added a complication to experimental design. Different oxygen 

levels had to be used for nymphs in and out of ecdysis. Extensive prelimi-

nary tests had to be carried out in order to find out which oxygen levels 

were to be used in the final experiment. Because the ecdysis rate at 20
0

C 

was fairly low, relatively large numbers of animals had to be used in order 

to have enough moulting during the experiment. 
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The final experiment to estimate median lethal oxygen concentrations 

at different rates of water flow could not all be carried out on one day. 

For ,thiS reason, the experiment was divided at random into eight parts, 

each of whiCh. was carried out on a different day. 

Median lethal low dissolved oxygen concentrations estimated from 

these experiments for Baetis harrisoni nymphs attempting ecdysis during 

the experiment (1000 minutes) are shown in table 35. Thes e are the con-

centrations estimated to be lethal for 50 per cent of those nymphs that 
:1 

attempt ecdysis during the experiment. These lethal concentrations should 

be the same for any exposure tiine~ but the number of nymphs that attempt 

ecdysis will obviously be proportional to the exposure time, so· that the lethal 

concentration for nymphs in ecdysis is equivalent to the "incipient lethal·1imit" 

. (Fry 1947) for the whole· population for infinite exposure, during which all the 

nymphs would attempt ecdysis. Too few nymphs were found to die during 

the shorter exposure time used (250 minutes) to be able to estimate lethal 

oxygen levels for nymphs in ecdysis and to see whether or not the lethal 

concentrations for two exposure times did differ. 

The results· shown in table 35 show that the lethal dissolved oxygen 

concentration decreased very markedly with increase in water current speed. 

In completely stagnant water all nymphs attempting ecdysis died even in 

water supersaturated with oxygen (10 mg/l). 
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TABLE 35 

1000-MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA­
TIONS FOR BAETISHARRISONI NYMPHS ATTEMPTING ECDYSIS AT 20

0
C 

AND IN DIFFERENT WATER CURRENT SPEEDS 

Animals Oxygen 

I 
! 

Nature Current Tube attemp- test Lethal oxygen concentra-I 
of speed diameter ting concen- I tion (mg/l) , 95% confi-

flow (cm/sec) (cm) ecdysis trations dence limits in brackets 

turbulent < 0.2 open 

__________ 1 _______ _ 
laminar 1.0 2.6 

laminar 

laminar 

121 

94 

(mg/l) 

8.0 
9.0 

10.0 
11.0 

8.0 
9.0 

10.0 
11. 0 

> 10 

--.----------------------
9.3 (7.4 to 11.1) 

158 7.0 8.6 (7.8 to 9.4) 
8.0 
9.0 

10.0 

137 5.0 6.6 (6.0 to 7.2) 
6.0 
7.0 
8.0 

tu rbul en t 6 • 0 5. 0 1 06 3 • 5 4. 2 ( 3. 4 to 4.9 ) 
4.0 
5.0 

----~~Q_- ------------------------
laminar 7.0 1.6 108 3.0 4.5 (4.1 to 5.0) 

3.5 

4.0 I 

----~~~--I --;:;-(;:;-~-~~~)~-----1 
I 

.1 
----------~--------

turbulent I 8.0 
-------------------

5.0 143 

l 
4.0 I 

·5.0 i 
------------~------ --------- --------- --------- ---------------------~-1 
laminar 12.5 1.2 163 2.5 3.4 (3.1 to 3.8) 

3.0 

. I 3.5 
'- ___________ . ______ ~J._...;. ______________________ ~.:~ __ !- _______________________ _ 
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TABLE 35 (cont) 

I I Animals 
Oxygen I 

I Nature Current I Tube attemp-
test Lethal oxygen concentra-j 

I of speed diameter concen- tion (mg/l), 95% confi- \ 
I flow (cm/sec) (cm) 

ting 
trations dence limits in brackets 

I ecdysis 
(mg/l) 

turbulent 14.8 2.6 161 2.0 2.6 (2.3 to 2.9) 
2.5 
3.0 

1 3.5 I 

----------~-------- ---------- ---------- ------- ------------------------
laminar 

I 
22.2 0.9 162 1.5 2.9 (2.1 to 3.7) 

2.0 

I 
2.5 
3.0 

----------1--------
---------- ----------I--------~ ------------------------

turbulent 22.2 2.6 123 1.5 2.4 (1. 9 to 2.8) 
2.0 

----------1--------

2.5 
3.0 -----------------------~ ---------- ----------1---------

turbulent 39.1 1.6 107 1.0 1.6 (1. 4 to 1. 7) ! 

1.5 
2.0 

1 I 2.5 

I-~;b~~~~-I---;;:;-p~~ ------ -------------------------------------------
147 1.0 2.0 (1.4 to 2.6) 

1.5 
I I 2.0 , ! 
I I 2.5 I 

In table 36 are shown median lethal dissolved oxygen concentrations 

for Baetis nymphs exposed to these concentrations for only 250 minutes and 

which have not attempted in this period to moult. Allanson (1961) observed 

marked diurnal fluctuations in dissolved oxygen concentrations in the polluted 

Jukskei River in which Baetis harrisoni occurs, with minima of the order ·of 

3 mg/l lasting around 4 hours at night apparently associated with the inter-

mittent release of' polluted water upstream. It was intended by exposing 

nymphs to low oxygen concentrations for 250 minutes to approximate to ex-

posures of this sort which might be expected in the field. 
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TABLE- 36 

250-MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA­
TIONS FOR BAETIS HARRISONI NYMPHS NOT ATTEMPTING ECDYSIS 
DURING THE EXPERIMENT AT20

0
C AND IN DIFFERENT WATER CURRENT 

Nature 
of 

flow 

turbulent 

laminar 

laminar 

- - , - -; , 

SPEEDS 

Oxygen 
Current Tube Animals test Lethal oxygen· concentra-
speed. ~iameter not concen- tion (mg/l)~ 95% confi-

(cm/sec) (cm) moulting trations dence limits in brackets 
I (mg/l) 

< 0.2 open 214 8.0 > 10 (ambiguous) 
9.0 

10.0 

----1:~--- --;:~------~~~------~;~;---1--;~~-(1:;-~-~:~)-------
3.0 l 3.5 
4.0 ----------r-------- --------- -------- ------------------------

2.0 2.6 143 1. 5 1. 8 (1. 5 to 2.1) 
2.0 
2.5 
3.0 

I 

---------- ----------r-------- ------------------ -----------~------------
laminar 

turbulent 

laminar 

4.0 2.6 201 1.0 
1.5 
2.0 
2.5 

----- ---r-------- ---------r-'-------
6.0 5.0 156 0.6 

1.0 
1.5 
2.0 ----------r---------------------------

7.0 1.6 173 0.6 
1.0 
1.5 
2.0 I 

1.2 (0.8 to 1.6) 

I 
----~------~------------I o. 8 (0. 5 to 1. 2) 

I 
i 
! 
I 

1.1 (0.8 to 1. 3) 

---------- ------------------- ---------~-------- ------------------------
turbulent 8.0 5.0 

laminar 12.5 1. 2 

168 0.6 
1.0 
1.5 
2.0 ---------r--------

171 0.4 
_:,\;', J 0.6, 

0.9 (0.6 to 1.1) , I 
I 

__ ~-~-~----~--------~--J 
0.9 (0.6 to 1.1) 

1.0 I 

1.5 I : 
--------------------------------------------------------------------~----~ 
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TABLE 36 (cont) 

I · Oxygen I 

c~ncentra- I Nature Current Tube Animals test Lethal oxygen 
of speed diameter not concen- tion (mg/l), 95% confi-

flow (cm/sec) (cm) moulting trations dence limits in brackets 
(mg/l) 

turbulent 14.8 2.6 186 0.4 0.8 (0.6 to 1. 0) 
0.6 
1.0 
1.5 

----------1---------- -------- --------- --------~------------------------
laminar I 22. 2 0.9 195 0.4 0.6 (0.5 to 0.8) 

I 0.6 I 
! 1.0 

10 5 ----------- ---------- --------- --------- ------- ------------------------
turbulent 22.2 2.6 159 0.4 0.6 (0.4 to 0.9) 

0.6 
1.0 
1.5 ----------- --,------- --------- --------- -------- -----------------------~ 

turbulent 39.1 1.6 155 0.4 0.5 (0.2 to 0.8) I 
I 0.6 

I 

I 1.0 ! 

----------1---------
1.5 . --------- --------- -------- ------------------------

turbulent 58.6 1.6 139 0.4 0.6 (0.2 to 0.9) 
0.6 

I 
1.0 
1.5 

I 
I 

As may be seen from table 36, nymphs not attempting ecdysis were 

found to be relatively tolerant of 250 minutes' exposure to iow oxygen concen-

trations, especially in water flows exceeding 10 cm/sec. With decrease in 

water current speed below 10 em/sec they were found to be increasingly much 

less tolerant of low oxygen concentrations. Several individuals survived 250 

minutes in various concentrations in completely stagnant water, but a majoril;y 

died even in the presence of 10 mg/l dissolved oxygen. 
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Median lethal low dissolved o~gen concentrations found for Baetis 
. "'; .. :.' .' ~ ~ , . ' 

-.. 
harrisoni nymphs not attempting ecdysis during a 1000 minute exposure are 

sho~ i~, ta~le 37. Th~se let~ar concentrations were uniformly slightly 
~ , ." • , , '" • ,. " , .... L. ! .:. . t' ::. • ;:' " " .' -.' , 

hj.ghe~.tha:ti 'tho~e f~r250mih1ites';exposur'e and were similarlY' related to ' 
- • . :~ . f '; I ; : • ," . " :._ • • • ~" • . ~.' ~ , :" • '. ,. r • 

water . flow rate.,. As was the c~se for 250 mil),utes' exp0l:!ure, no appa,rent. 

differen'ce's in letha( dissolved oxygen con~entrations at equivalent wat~r' 
L 

current speeds in laminar and in turbulent flow were found. 

TABLE 37 

1000-MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA­
TIONS FOR BAETIS HARRISON I NYMPiiS ,NOT ATTEMPTING ECDYSIS 
DURING THE EXPERIMENT AT,20

0
C AND:IN DIFFERENT WATERCukRE~T 

. , 
,. 

, . 
Current Nature 

of speed 
flow (cm/sec) 

turbulent <0.2 

---------:--
laminar 1.0 

laminar 2.0 

'SPEEDS 

Tube Animals 
diameter no~ 

(cm) moulting 

open 188 

-----,---~~--------
2.6 179 

Oxygen 
test 

concen­
trations 

(mg/l) 

8.0 
9.0 

10.0 
11.0 

3.0 
3.5 
4.0 
5.0 

---------~~-------~ ---------
2.6 195 2.0 

2.5 
3.0 
3.5 ' " 

------~-r~ ~~~-~--~ -------~~ ---------
laminar 4.0 2.6 

------..:..~.~ 

153 1.5 
2.0 
2.5 

. 3;0' 

Lethal oxyg'en co~6entra­
tion (mg/l), 95% confi­
dence limits in brackets 

> 10 (ambiguous) 

--~------~--------------
4.0 (3.6 to 4.3) 

I 
I 

---------~-----~~~-----~ 

2.6(2.2 to 3. ()j I 

2.1 (1.9 to 2.3) 



TABLE 37 (cont) , 

; , . Oxygen ! 
Nature Current Tube Animals test Lethal oxyg.en concentra""j 

of speed ~ij.ameter not c onc en:- tion (mg/l), 95% coiifi- I 

flow (cr:n/sec) (cm) moulting trations dence: limits in brackets I 
(mg/l) I 

turbulent 6.0 5.0 167 1.0 1.3: (0.8 to 1.8) 
1.5 
2.0 
2.5 

-----..,.----. -------:--.;. --------- -.;.------- ---------r-----... ----.--... ----:--------
laminar 7.0 1.6 164 1.0 1.5 (1.3 tQ 1. $) 

1.5 
2.0 

I 

2.5 
----------- 7-----:--,-- --------- --------- --------- ~~----~.----------~----

turbulent 8.0 5.0 ,178 0.6 1.3 (0.9 to 1.7) 
1.0 
1.5 
2.0 

I-----~---'-.;.--.---- ... --...,-------------- ---------. --------- ------"-- !'---.~---~-!'" 

laminar ·12.5 1.2 165 0.6 1.2 (1.0 to 1.3) 
1.0 
1 .. 5 
2.0 

---------- --------- --------- -------- -:o-~---~-~ -----.,.------.~~--:--"""'I------

turbulent 14.8 2.6 173 0.6 0.8 (0.5 to 1.2 ) 
1.0 
1.5 
2.0· . . ---------- ---------- --------- "'---1"".--- -----'---.- _----~----------------r 

laminar 22.2 0.9 168 0.6 1..1 (0.7 to 1.4) 
1.0 
1.5, .. 
2.0 

-----"'!""~--- --------- --. ..,.------ -- ---""'!"- . --,":"",--t~"!""'-- ----------~---------.--
turbulent 22.2 2.6 178 0.6 0.8 (0.6 to 1.1) 

1.0 
1.5 
2.0 

---------- --------- ----_._---f--..,':"--"'--~ --...... ---..:- ---.;.-~-----------------
turbulent 39.1 1.6 152 0.6 0.8 (0.6 to 1.0) I 1.0 

1.5 
2.0 

---------- ---------- ---------1-----_ . .,.--- ~-------~ ----~------------------
turbulent 58.6 1.6 176 0~6 0.9 (0.7 to 1.1) 

1.0 
1.5 

I 2.0 
.. 
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NYMPHS OF DIFFEllENT SIZES 

In .two- further experiments, nymphs of different sizes were exposed 

for 1000 minlJtes to different low dissolved oxygen concentrations in the 

lethal range and the median lethal concentrations estimated as before for 

each. At the end of each eXperiment the length of each individual, exclu-

ding the antennae and cerci, was measured under a microscope. . Nymphs 

, . 

of the larger of the three size groups distinguished were similar in size 

to those used in all other experiments. The results are shown in tables 

38 and 39. The smallest Choroterpes bugandensis nymphs tested were 

found to be able to tolerttte lower concentrations of dissolved oxygen than 

were the larger nymphs (p 0.025). The· smallest Baetis harrisoni nymphs 

in ecdysis were found to be significantly more tolerant of low oxygen concen-

trations than were the larger nymphs in a similar state. The largest 

Baetis nymphs in ecdysis were the least tolerant of all the nymphs tested. 

The median lethal low oxygen concentrations of Baetis nymphs of different 

sizes not attempting ecdysis during the experiment, on the other hand, were 

not found to differ significantly from one another. 

ADAPTATION TO LOW OXYGEN 

In, two further· experiments, the susceptibilities to low dissolyed 

oxygen. conc~ntrations of nymphs were compared after they had previously 

been· held in. the laboratory in water containing only 4 mg/l oxygen and 

in water almost saturated with respect to oxygen. For each species, 

nymphs were collected and divided at random into two groups. Each 

group was held for 24 hours in a gauze tray suspended in an aquarium. 
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TABLE 38 

1000-MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRATIONS 
FOR CHOROTERPES BUGANDENSIS NYMPHS OF DIFFERENT SIZES, ALL AT o . 
20 C AND IN WATER FLOWING AT 10 em/sec (LAMINAR FLOW, 1.6 em 

DIAMETER TUBE) 

Body Number Oxygen test Lethal oxygen concen.tration 
length of concentra- (mg/l, .95% confidence limits 
(mm) nymphs tion (mg/l) in brackets 

, 
1.6 to 2.9 180 0.3 0.48 (0.42 to 0.54) I 

I 
0.4 I 

I 

0.5 ! 
I 

0.6 I 
0.7 j 
0.8 i 

I ---------------- ----------- ------------- ---"""'!'---------------------"------
3.0 to 4.4 180' 0.3 0.54 (0.4~ to 0.59) 

0.4 
0.5 
0.6 I 
0.7 I 
0.8 I 

1--:...------------------------- ------------- -------------------------------, 
4.5 to 6.0 180 0.3 0.55 (0.52 to 0.59) I 

i 

0.;4 
, 
I 

0.5 I 
I 

0.6 I 
I 

0.7 I 

0.8 I 
In one of these aquaria the dissolved oxygen concentration was main-

tained at 4 mg/1, as has been described, by aeration with a suitable mixture 

of air and nitrogen. In the other the water was strongly aerated. with air 

alone. Nymphs of each group were then exposed for 1000 minutes to low 

dissol ved oxygen concentrations and median lethal levels estimated as before 

for each. 
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TABLE 39 

1000-MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA­
TIONS FOR BAE:nS HARRISONI NYMPHS OF DIFFERENT SIZES, ATTEMP­
TING AND NOT ATTEMPTING ECDYSIS, ALL AT 20

0
C AND IN WATER 

FLOWING AT 10 cm/sec (LAMINAR FLOW, 1.6 cm DIAMETER TUBE) 

Oxygen 
Body Number test Lethal oxygen concentra-
len~th Ecdysis of concen- tion (mg/l), 95% confidence 
(mm) nymphs trations limits in brackets 

(mg/l) 

attempted 164 2.0 2.3 (1. 8. to 2.8) 
2.5 
3.0 

2.0 to 3.4" 
3.5 

----------- --------- --------- ----------------------------
not 169 0.6 1.1 (0.6 to 1. 5) 
attempted 1.0 

1.5 
2.0 

attempted 159 2.0 2.7 (2.3 to 3.0) 
2.5 
3.0 

3.5 to 4.9 
3.5 ----------- --------- --------- ---------------------------

not 134 0.6 1.0 (0.7 to 1.4) 
attempted 1.0 

1.5 
2.0 

attempted 154 2.5 3.5 (3.0 to 4.0) 
3.0 
3 •. 5 

5.0 to 6.5 
4.0 

~---------- --------- --------- ---------------------------
not 137 0.6 1.2 (1. 0 to 1.4) 
attempted 1.0 

1.5 
2.0 

I 
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The results are shown in tables 40 and 41. None of this evidence 

suggests that previous exposure to low oxygen might have made nymphs of 

either species either more or less tolerant of low dissolved oxygen concen-

tration. 

TABLE 40 

1000-MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA­
TIONS FOR CHOROTERPES BUGANDENSIS NYMPHS HELD IN EITHER 
4 mg/l OR IN 7.5 mg/l DISSOLVED OXYGEN FOR 24 HOURS BEFORE 
THE EXPERIMENT, ALL AT 20

0
C AND 10 cm/sec WATER FLOW 

(LAMINAR FLOW, 1. 6 cm DIAMETER TUBE) 

Oxygen concen- I Oxygen test Lethal oxygen concentration I tration before Number of concentra- (mg/l) , 95% confidence 
experiment nymphs tions (mg/l) limits in brackets 

(mg/l) 
7.5 160 0.4 0.53 (0.50 to 0.56) 

0.5 
0.6 

--------------- ------------ 0.7 --------------- -------------~--------~-~--~ 
4 160 0.4 0.55 (0.50 to 0.60) 

0.5 
0.6 
0.7 

TABLE 41 

1000-MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA­
TIONS FOR METIS HARRISONI NYMPHS HELD IN EITHER 4 mg/l OR 
IN 7.5 mg/l DISSOLVED OXYGEN FOR 24 HOURS BEFORE THE EXPERI­
MENT, ATTEMPTING AND NOT ATTEMPTING· ECDYSIS DURING THE 
EXPERIMENT, ALL AT 20

0
C AND 10 cm/sec WATER FLOW (LAMINAR 

FLOW, 1. 6 cm DIAMETER TUBE) 

Oxygen con- Oxygen 
centration Number test Lethal oxygen concentra tion 
before expe- Ecdysis of concen- (mg/l) , 95% confidence 

nment nymphs trations limits in brackets 
(mg/l) (mg/I) 

attempted 189 2.5 3.7 (3.4 to 4.1) 
3.0 
3.5 

7.5 
4.0 

----------- -T2"2"--- --------------I~2-(f;o-[0-1:5)----------not 0.6 
attempted 1.0 

1.5 
2.0 I 
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TABLE 41 (cont) 

Oxygen con- Oxygen 
centration Number test Lethal oxygen concentration 
before ex- Ecdysis of concen- (mg/l) , 95% confidence 

periment nymphs trations limits in brackets 
(mg/l) (mg/l) 

attempted 192 2.5 3.3 (3.1 to 3.6) 
3.0 
3.5 

4 
4.0 

----------- --------- ... --------- ---------------------------
not 124 0.6 1.3 (1. 0 to 1. 5) 
attempted 1.0 

1.5 
2.0 

TIME OF YEAR 

The experiments described so far were all carried out during winter. 

For comparison, nymphs of each species were also exposed to low concen-

trations of dissolved oxygen during ·summer. Median lethal concentrations 

estimated from these observations are shown in table 42, and may be seen 

to be of the same order as those recorded earlier. N either species ap-

peared from these data to differ in their oxygen tolerances at different 

times of the year. However, this is perhaps an over-simplification. 

It is conceivable that more detailed study taking into consideration the 

rates of oxygen uptake by summer and winter nymphs at different tempe-

ratures might reveal seasonal differences in dissolved oxygen requirements 

of these nymphs •. 
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TABLE 42 

1000-MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA­
TIONS FOR SUMMER NYMPHS OF CHOROTERPES BUGANDENSIS AND 
BAETIS HARRISONI, ALL AT 20

0
C AND IN WATER FLOWING AT 10 cm/sec 

(LAMINAR FLOW, 1.6 em DIAMETER TUBE) 

I 

Oxygen I Number test Lethal oxygen concentration 

I 
Species Ecdysis of concen- (mg/l) , 95% confidence 

nymphs trations limits in brackets 
(mg/l) 

Choroterpes 
mixed 160 0.4 0.57 (0.54 to 0.60) 

. bugandensis 
0.5 
0.6 
0.7 

Baetis attempted 160 2.5 3.7 (3.3 to 4.1) 
harrisoni 3.0 

3.5 
4.0 

----------- -------- ---------- ---------------------------
not 148 0.6 1.3 (1.0 to 1.6) 
attempted 1.0 

I 1.5 
I 

2.0 I 
I 

J 

OBSERVA TIONS OF BAETIS IN THE FIELD 

Baetis harrisoni have been found in South Africa to occur quite 

commonly and in large numbers in polluted rivers. This was first noted 

by Harrison (1958b). As has been mentioned, A1lanson (1961) found dis-

solved oxygen concentrations to drop quite maIkedly at night in a river 

where nymphs of this species were common. Table 36 shows that oxygen 

concentrations of this order (3 mg/l) would be lethal for all nymphs, irre-

spective of physiological state, in stagnant water or in water of current 

speed less than 2 cm/sec. Table 35 shows that 3 mg/l oxygen would 
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also be lethal for nymphs attempting ecdysis during this period in water 

flows slower than about 12 cm/sec. 

Field work conducted as part of the present study did not reveal 

any situation where Baetis harrisoni occured in lower concentrations of 

dissolved oxygen than those reported by Allanson. . In fact, dissolved 

oxygen concentrations measured at various points in the Jukskei River 

during this study were generally higher than he reported, possibly because 

the river was no longer as badly polluted. A number of other streams 

was also visited during this study. Those in which lower dissolved oxygen 

concentrations were found were all both very slow flowing and relatively hea-

vily polluted. None contained Baetisharrisoni. Since the cause of low 

dissolved oxygen concentrations in streams of reasonable flow might be ex­

pected almost invariably to' be organic pollution, ammonia and other toxic 

substances associated with pollution of this sort are likely to be present. 

Survival of nymphs in these rivers might be influenced by these factors as 

well as by dissolved oxygen concentration. 

On two occasions, one when relatively large numbers of Baetis 

harrisoni were present and another when a far smaller population was found, 

intensive counts of nymphs were made ata station in the Braamfontein Spruit. 

In a stretch of stream about 10 metres long,· the stream being about 3 metres 

wide at this point, 312 suitable sampling points were numbered and classified 

according to nature of ' Bub stratum (bare rock face, above and below large sub­

merged and exposed· ro'cks,' on and among smaller stones, pebbles and gravel, 

and sand~.and accoroing to water 'current speed ,measured 5 cm above the 

substratum. Of available sites in each category the number required was 
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selected at random, as was a further number held in reserve in case actual 

water current speeds at any of the selected sites, taken after each count, 

differed too much from the speeds measured when the sites were originally 

selected. Sampling points were visited in turn starting at the lowest point 

downstream. 

Counts were made using a Surber sampler (Surber 1936). This 

was described in an earlier section and is designed to collect the animals 

in one square foot (929 sq. cm) of stream bed. In practice it was found 

that the numbers enclosed within the one foot square frame could often be 

seen and could be counted directly. Where the animals could not all be 

seen easily they were dislodged and washed gently into the net. 

The counts obtained are shown in tables 43 and 44. As might per-

haps be expected, they were fou,nd to be very variable. However, they 

show very clearly that most nymphs were found on the upper surfaces of large 

rocks exposed to water flow. In this position the animals would not only 

have been exposed to the fastest flowing water but would also best have been 

able to extract oxygen from the water at low concentrations of dissolved oxygen. 

OBSERVATIONS OF CHOROTERPES IN THE FIELD 

The results of this study have shown that nymphs of Choroterpes bug'8.n­

densts to be able to tolerate relatively low concentrations of dissolved oxygen 

under widely differing conditions of water flow. Several measurements of 

dis sol ved oxygen were made at different times in the Pienaars River and in 

other streams in which Choroterpes bugandensis occured. Low oxygen concen-

trations were encountered only very rarely. The lowest of these (2.2 mg/l) 
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TABLE 43 

NUMBERS OF BAETIS HARRISON I NYMPHS COUNTED IN RANDOM 
ONE-FOOT (30.48 cm) SQUARES IN .THE BRAAMFONTEIN SPRUIT AT· 

A TIME WHEN NYMPHS WERE GENERALLY ABUNDANT 

Current 
Sub s tratum 

spe~d rock on 

r 

under small coarse 
sand. face rocks rocks stones gravel 

71 23 0 
62 77 0 

114 42 4 I 
fast 106 3 2 
(40 to 100) 25 72 0 - - -
cm/sec) 77 34 6 

51 43 1 
60 10 0 - - -

506 299 13 
--------------- ------ ----------------- -------.-- ---------- -------

98 61 0 12 
56 24 0 26 
48 24 1 25 

median 46 75 17 6 
(10 to 20 9 71 2 48 - -
cm/sec) 54 39 8 3 

40 13 6 11 
107 74 1 39 - - - -
458 381 35 170 

--------------- ------ -----------------1--------- ---------- -------
20 10 2 39 20 4 

7 28 10 8 12 26 
37 34 0 8 37 12 

slow 3 11 0 37 37 5 
(2 to 5 14 11 0 15 22 16 
cm/sec) 26 1 4 9 14 7 

4 36 7 16 9 7 
21 7 1 43 2 I 20 - - - - -

I 
-

132 138 24 175 124 97 



-202-

TABLE 44 

. . 
NUMBERS OF METIS HARRISONI NYMPHS' COUNTED IN RANDOM 

I 
I 

I 

ONE-FOOT (30.48 cm) SQUARES IN THE BRAAMFONTEIN SPRUIT AT A 
TIME WHEN RELATIVELY LOW NUMBERS OF NYMPHS WERE PRESENT 

I', ... 

Sub s tratum 
Current 
speed 

rock on under small coarse 
sand. 

face rocks rocks stones gravel 

12 34 1 
29 16 2 
42 6 0 

fast 13 24 1 
(40 to 100 8 4 6 - - -. 
em/sec) 1 22 0 

34 4 6 
24 35 5 - - -

163 145 21 
---------------- ------- --------~------- -------- -----_ .... _- ---------

0 9 0 0 
3 0 0 3 
0 1 0 1 

median 2 1 0 0 
(10 to 20 9 24 0 0 - - , 

em/sec) 6 2 4 19 
6 0 0 2 

10 10 1 0 - - - -
36 48 5 25 

~--------------- --_ ..... _-- ------- --------1--------- --------- ---------
0 17 0 4 0 0 
0 1 0 0 0 0 
1 5 0 0 0 0 

slow 3 0 1 0 0 0 
(2 to 5 1 0 0 1 0 0 
em/sec) 0 6 0 2 0 7 

0 2 0 0 0 0 
1 3 0 0 0 0 - - - - -

I 6 34 1 7 0 7 
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was recorded at dawn in a stagnant pool isolated at a time of low stream 

flow. The bottom of, this pool. was fairly thickly blanketed with diatoms. 

Although low, .howeve~, this concentration was still well within the range . 

tolerated by' Choroterpes bugandensis. 

DISCUSSION 
, .; 

The observation made here that the lethal low dissolved concentra-
~ /.' .. ' 

tion . was greatly influenced by the water flow rate in the case of Baetis· 

harrisoni and that it was scarcely, if at all,influenced by water rate in 

the case of Choroterpes bugandensis is in general agreement with the fin-

dings of other authors. 
'"', .' - '. 

Effects of water current speed on both the lethal 

?-issolved oxygen concentration and the rate of oxygen uptake of aquatic in-

sects have been studied in some detail by Ambiihl (1959). He found the 

minimal dissolved oxygen concentration for nymphs of a species of Baetis 

and for larvae of three Trichoptera to decrease with increasing \vater cur-

rent speed, as was found here for Baetis harrisoni. The animal s he found 

to be physiologically dependent upon water flow for their oxygen supply either 

had no gills· or, like Baetis harrisoni, had gills that did not beat. The 

gills of Choroterpes, on the other hand, beat. continuously and create quite 

swift currents around the animals, as has been described by Eastham (1937) 

for Ecdyonurus nymphs. The water currents created by the gills evidently 

cause the. water around the nymphs to be replaced continually and in so doing 

to make oxygen more readily available to them in stagnant water. 

Further evidence of .. the respiratory importance of ephemeropteran 

gills used for ventilation has been provided by Wingfield (1939). The gills 
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of Baetis ,nymphs do nat beat and he faund their remaval.not to' affect .the . 

axygen cansumptian af nymphs at any level af dissalved axygen.; "The gills 

af Ephemera nymphs, in cantrast, dO' beat and Wingfie~d faund theiX remaval 

to' result in m,arked respiratory depressian at all dissalved axygen levels. 

The slightly increased lethal law dissalved axygen cancentratian faund far 

Charaterpes nymphs in stagnant water might passibly be ascribed to' the fact 

that the gills anly beat intermittently at law cancentratiaIl$ af dissolved axygen 

in the lethal range. 

Amblihl (1959) has llrgued that dependence by nymphs upan water cur-

rents far the renewal af oxygen in the water surraunding them might be ex-

pected to' increase in prapartian to' their meta1?alic rates. Hiswark canfir-

,med the e?-rlier abservatians af ather authars (Berg 1952 has faund exceptians) 

that mast invertebrates fram swift flawing water have significantly higher meta-

bolic rates than dO' animals fram slaw flowing water. Thus Fax and Simmands 

, " 

(193~) and Fax, Simmands and Washbaurn (1935) found nymphs of a species 

af Baetis fram fast flawing water to take up oxygen at 13 to' 4 times the rate 

at which did Claeon nymphs fram slaw flawing water ~ and alsO' to' be much 

less talerant, af law dissolved axygen cancentratians. 

Macan (1961c) has painted aut haw little is reallyknQWIl of the axygen 

requirementsaf aquatic insects. There is same evidence to' Buggest, haw-

ever, that those insects that live in situatians where they are expased to 

fast water flaws expend a great deal af energy in hanging. an and maving 

abaut in the current. Zahner (1959) faund, far instance, that nymphs of 

a sp~ciesaf the draganfly genus Agrian were able to move abaut in oxygena-

ted water flowing at 50 to' 60 cm/sec" but were restricted to slawer flawing 
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water at lower concentrations of dissol ved oxygen. Within the range of 

current speeds f~om 0 to 3 em/sec, Ambiihl (1959) found the oxygenyp-

take r8;tes. of Bactis nymphs to increase apparently linearly in proport~on 

to the cu:rrelft speed. 

Work ~n fish has shown that where active metabolic rates have 

been reduced by low levels of dissolved oxygen, it is the amount of oxygen . '. . . 

available to the animal for locomotion and other activities, the "scope for 

activity", which is reduced. (Fry and Hart 1948, Graham 1949, Fry 1957). 

That the scope for activity of Choroterpes nymphs was reduced at dissol-

ved oxygen concentrations just above. the lethal level was illustrated by the , . 

notable reduction in gill movements under these circumstances. While 

animals will survive temporary exposures to oxygen levels at which their 

activity is restricted, they might· be adversely affected by permanent con-
. , 

ditions of this sort. Reduced scope for activity has b~en held to explain 

observations that at low dissolved. oxygen concentrations the rate o~ deve-

lopment of fish was reduced (Garside 1959, Kinne and Kinne 1962), that 

some fish lost weight (Davison ~ al 1959) and that feeding and a number 

of other activities of a copepod were restricted (Nfalovitskaya 1961). 

A notable feature of mortality of Baetis harrisoni nymphs at low. . ,. . , '. . ' '. . , . ~ 

oxygen levels i~ this study was the sensitivity to oxygen lack of nymphs in 

ecdysis. Why this should not also have applied to Choroterpes nymphs is 

not clear, . but the increased sensitivity of Baetis presumably had some-

thing to do with ,increased oxygen requirements during ecdysis • 
. ' .' " 

increased metabol~c rates. durPlg ecdysis have been demonstrated in in-: 

sects, for instance by Zwicky and Wigglesworth (1956). 
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There seems every reason to believe the mortality or survival of 

Baetis harrisoni nymphs at· different dissolved oxygen concentrations and 

.rates of water flow to have been determined primarily by their metabolic 

oxygen requirements and by the rates of .diffusion of oxygen to the nymphs 

under different condItions. It seems clear that their oxygen requirements 

were'increased both at higher water current speeds and during ecdysis. 

The inverse relation found here between current speed and lethal oxygen 

concentration indicates that diffusion of oxygen to the nymphs increased 

sharply with increase in current speed. Regression anaiysisOf the data 

shown in· tables 35 and 37 has been undertaken with these facts in mind. 

1000-minute minimal oxygen concentrations at different water current speeds 

for nymphs both in and out of ecdysis and in both laminar and turbulent 

flow are shown in figure 36. Regression lines of the form: 
1 

. Y == a + bX - c (X) 2" 

where: Y represents the lethal oxygen concentration estimated from the 

regression line, 

X represents the average current speed in the tube (IT), 

and a, band c are regression constants, 

are shown in the figure for nymphs attempting ecdysis in both laminar and 

turbulent flow and for nymphs in laminar flow not attempting ecdysis. 

These regression lines were estimated by a least-squares method 

described by Guest.(1961). Each lethal oxygen value was assigned as a 

weighting coefficient the reciprocal of its variance. The lethal oxygen 

values estimated in stagnant water were ignored, since their variances 
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were not known. For reasons which will be explained in the next pa,ragr;tph,. 

and because this was found to be feasible, the estimates of the constants a and 
i 

b in the regression equations for nymphs in ecdysis in laminar and in turbulent 

flow were pooled. It was not found to be possible to use pooled estimated for 

a and. b in the regression equation for nymphs not in ecdysis. No regression 

analysis was undertaken for nymphs in turbulent flow not attempting ecdysis, 

since all except the first two lethal dissolved oxygen concentrations were vir-

tually identical. The regression equations obtained were: 
1 

Y == 11.86 + 0.34 X _ 3.66 (X)2 

for nymphs in laminar . flow attempting ecdysis during the experiment, 

1 

Y == 11.86.+ 0.34 X _ 3.56 (X)2 

for nymphs in turbulent flow attempting ecdysis during the experiment and 
! j : • 1. 

Y , 6.69 + 0.24 X - 2.04 (X)2 

for nymphs in laminar flow not attempting ecdysis./v 2tests . showed the devia­

tions of observed values from the first two lines not to be significant, but 

revealed the third line to be a rather poor fit of the observed data (p < O. 025). 

Even better visual fits were obtained when the estimates of a and b in· the first 

two equations we're not pooled. This produced a rather more strongly curved 

first line and a rather more flattened second line than those figured. 

The fact that the first two of these lines fitted the observed data 

is consistent with the theory that the minimal dissolved oxygen concentration 

required by Baetis nymphs was increased by one factor acting inpropor-

tion to the water flow rate and was simultaneously decreased by a 
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Figure 36 

1000-minute median lethal low dissolved oxygen concentrations for .Baetis 

.harrisoni nymphs at different rates of water flow: 

open ci rcl es animals in laminar flow attempting ecdysis dur~ng the 

1. 
experiment, regression line Y = 11. 86+0. 34X-3. 66(X)2 

open triangles - animals in turbul~nt flow attempting ecdysis during the 
1 

experiment,· regression line y == 11.86+0.34X-3.56(X)2 

closed circles - animals in laminar. flow not attempting ecdysis, 
1 

regression line Y =: 6.69 + 0.24 X - 2.04 (X)2 

closed triangles- animals in turbulent flow not attempting ecdysis, 

points joined by straight lines. 

95% confidence limits shown about each median value. 
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second factor acting in proportion to the square root of the water flow rate. 

The first factor is likely to have been the increase in metabolic oxygen re-

quirements of nymphs with increase in current speed (Ambiihl 1959), although 

this linear relation is probably a gross over-simplification of the true situa-

lion. The second factor is likely to have been the increase in diffusion of 

oxygen to the animals with increase in current speed. The diffusion of 

dissol ved oxygen from flowing water to a stationary body in the stream flow 

depends on a large number of factors, among then the Reynolds number (Re), 

the shape of the object and the configuration of . the boundary layer around 

it (Bird, Stewart and Lightfoot 1960). For a wide range· of flow conditions, 

however, the rate of diffUSion has been found to be proportional to the square 

v 
root of the now rate (StrMelda 1960). The fact that the two lines could 

be fitted With pooled estimates for the constants a and b is consistent with 

the view that the lines differed only in the constant c, relating oxygen diffu-

sion rate to water current speed. 

Examination of these regression curves suggests that the minimal 

dis sol ved oxygen concentration required by Baetis nymphs might be increased. 

not only at low rates of water flow but at very high rate s of flow as well. 

The regreSSion curve for nymphs in ecdysis suggests, for instance, that 

these nymphs might have been most tolerant of low dissolved oxygen con-

centrations at a current speed of around 35 to 40 em/sec. However, the 

data shown in figure 36 is inconclusive on this point. If the lethal dissol-

ved oxygen concentrations were increased they were. certainly not increased 

by much. 
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Evidence will be presented in a later section of this report which 

suggests strongly that both Baetis and Choroterpes nymphs were able to 

distinguish between streams of water differing in dissolved oxygen content 

and to orientate themselves accordingly. If the gauze screens at the 

ends of each tube or perhaps the oth.er nymphs in the tube disturbed the 

pattern of flow it is. not altogether inconceivable that at least some of the 

active Baetis nymphs not in ecdysis might have been able to position them­

selves where flow conditions were slightly more favourable than they were 

elsewhere in the tube. Although there was no evidence in the present 

experiments to suggest this, the slight possibility should be borne in mind 

that the lethal dissolved oxygen concentrations estimated for nymphs in 

ecdysis might have been consistently low and might have appeared to be 

less influenced by water flow rate than they really were. 

As has been found by other authors, smaller nymphs of both species 

were less tolerant of low dissolved oxygen levels than were larger nymphs. 

Thi s is at first sight a little surprising, since the oxygen uptake rates of 

smaller mayfly nymphs are knov.iii to be higher in proportion to weight than 

are those of larger nymphs (Hilmy 1962). Only rather detailed analysis 

of the oxygen requirements during development would clarify this question. 

Last instar nymphs were not included in any of the experiments 

reported here. These were found invariably to die in the experimental 

tubes soon after the start of the final moult. This applied to both spe-

cies and has not been explained. During some of the experiments de-

scribed here small numbers of final instar nymphs were held in open trays 

in the test tanks, where they were exposed to low oxygen concentrations. 
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. .' ; ~ 

Observations of their mortality appea:t·~ to"indicate . that 'the fmal: 

ins tar nymphs were' more sensitive to oXyg~~labk>than:'w~~e:i6Unger'~YIl1PhS, ; . 

'. ' , . . ' .... . ·1 .. 

but not very greatly ·so. All of . the final fustar'nymp~s . seen to die at low. 
. - ,,:' :,:' " 

oXygen levels appeared to have diedquring ecdysis~Once'againit seems' 

to be the'increased oXygen needed for the final>moult which makes these c 

animals more susceptible. 

The results described 'herehave revealed Choroterpes nymphs which 

have been fO'!lIld mostly' inrelaUvely unpolluted streams and only occasionally 

in mildly' polluted streams (see general in:troduction) , to be signHicantly 

more tolerant of low oXygen concentrations than those of BaeUs·. harrisoni; 

a speciesknoWn to be tolerant of pollUtion (Harrison 1958b, Allanson 

1961)~ However,' an examination of 'the habitat of each'has revealed that 

Choroterpes nymphs beneath stones in unpolluted streams might be . exposed 

to lower 'dissol ved oxYgen concentrationS than are Baetis nymphs on stones 

in swift .flowing water fn' polluted streams. 

In the course of 'a study of the ecology of certairt mayfly nymphs' 

Which also live on the undersurfaces of stonesblstreams', Madsen(1968) 
. , " 

- , . .' 

measured both variations in dissolved oXygen ",concentlfltlon in the dead water 

among these stones,and rates of diffusion of oxygen to this 'dead wa.ter~ 
, . , 

He found low oXygen' concentrations to· occur quite ·'commonly in ,the dead 

water as a result of' Slow diffusion of oxygen from the main stream;.' He 

concluded from his observations that only. species which, were fairly tolerant 

of occasional low dissolved oXygen concentrations would survive in these 

stream beds. Both Brundiri (1951) and Moore and Burn (1968). hav~ shown 

I 

I 



• 

')', "1, .,', . 

-213-

that dissoNed oxygen' concentrations can vary tremendously from. place to 

I place within a body' of water. They have also shown that these features 

in the micro-distribution of dissolved oxygen in relatively stagnant water are 

not only reflected in the patterns of distribution of benthic organisms, but 

< 'are also of great importance in determining whether or not different spe .... 

cies will survive times of general deoxygenation. 

As important, perhaps, as these differences from place to place 

in a stream bed are variations in dissolved oxygen concentration which are 

known to occur with time. Hubault (1927)~ Butcher, Pentelow and Woodley 

(1930) and Allanson (1961), in particular, have described daily variations 

in dissolved oxygen in streams apparently ariSing as a result either of 

algal respiration or of intermittent discharge .of organic effiuents. 

Gunnerson (1964) has shown that oxygen sags of this sort can occur' in 

streams at almos t any time of day Or night, a mass of poorly oxygenated 

water taking some time to travel downstream. 

In the Jukskei River, at least at the time when the observations of 

Allanson (1961) were made, large numbers of Baetis harrisoni nymphs 

apparently lived at places where they were exposed during most nights to 

low dissolved oxygen concentrations. In fact, these 'low concentrations 

appear from the results of the present study to have been within the lethal 

range for nymphs undergoing ecdysis and for nymphs in relatively slow 

flowing water. No evidence was found in this study to suggest that ecdy-

sis might be del!:iyed under adverse conditions in order to provide nymphs 

with some protection against temporarily low oxygen levels, but only those 
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nymphs that happened to attempt ecdysis during this period would have been 

affected by the abnormally. severe oxygen lack. The rest would have survived 

even quite severe deoxygeIiation if this was of short duration. 

It is· well· known that the deoxygenating effects of organic matter are 

responsible in quite large measure for faunal changes obs~rved to have been 

brought about by pollution iin streams (Liebmann 1951, Hynes 1960).. Presu­

med tolerances of low dissolved oxygen levels by different species have in 

fact frequently been equated with tolerances of polluted conditions in general 

in the assessment of pollution using faunal data (Bick 1963, Beak 1965). 

The complexities which can arise in such assessment in conditions of diffe­

rent water flow have been very neatly illustrated by Zimmermann (1961) • 

. He introduced controlled 9.uantities of polluted water into long experimental 

channels inclined at different angles and found quite different distributions 

of invertebrate species in each. "Sensitive" species were able to colonize 

places in the swifter flowing water where the water quality was relatively 

poor in terms, for instance, of dissolved organic matter both because oxy­

genation of the water was improved and because dissolved oxygen was more 

readily available to the animals at faster current speeds. 

The ability of Chbroterpes bugandensisnymphs to tolerate low dissol­

ved oxygen levels has been reasoned here to be a necessary adaptation to 

life under stoneswliere they might be exposed to water of low oxygen con-

tent. However, their tolerance of low dissolved oxygen does not necessa-

rily equip them for life in polluted streams. Here they might be exposed 

to water of even loiver oxygen content, resulting perhaps from the accumu­

lation of decomposable material between the stones in the stream bed. 
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, ,Chutter (1967) has in fact shown that the presence of quite low levels of 

'organic pollution .can be revealed by the appearance, in the fauna of stony 

'runs of Tubificidae, Chironomidae and other animals normally found among 

accumulated, organic .matter in other biotopes. 

Although Baetis harrisoni nymphs were really less tolerant of redu­

ced dissolved oxygen than were nymphs of Choroterpes, they appear from 

the results of this study to be able to live in suitable situations on stones 

in swiftly flowing water in quite severely polluted streams in which quite 

low dissolved oxygen concentrations can occur. 

SUMMARY 

1. Choroterpes nymphs tolerated much lower concentrations of dissolved 

oxygen (the lethal limit for 1000 minutes' exposure being about 

0.5 mg/l) than did Baetis nymphs (the lethal limit varying from 

above saturation to about 0.8 mg/1 depending on water flow and the 

physiological state of the nymphs). 

2. The h:ithal low dissolved oxygen concentration for Choroterpes nymphs 

was not notably affected by the rate or nature of water flow, but 

increased in stagnant water to 0.75 mg/l (for 1000 minutes' exposure). 

3. Baetis nymphs all died in stagnant water but were increasingly tolerant 

of low oxygen concentrations with increase in the rate of water flow, 

more so in turbulent than in laminarUow (see"figure 36). 

4. Baetis nymphs were much less tolerant of low oxygen concentrations 

during ecdysis than at other times (seEt"flgure 36). Choroterpes 

nymphs were not found to be less tolerant during ecdysis. 
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5. Small Choroterpes nymphs were slightly more tolerant of low dissolved 

oxygen concentrations than were large nymphs (lethal limit 0.48 mg/l 

as opposed to 0.55 mg/l) Small Baetis nymphs in ecdysis were also 

more tolerant than were large nymphs in ecdysis (lethal limit in 

10 cm/sec water flow 2.3 mg/l as opposed to 3.5 mg/l) • 

. 6. Previous exposure to low oxygen did not appear materially to affect 

the tolerance of either species. 

7. . Nymphs of both species at different times of year were found to be 

similarly tolerant of low dissolved oxygen. 

8. . The significance of· this information in relation to the distribution of· 

these nymphs is discussed. 
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MORTALITY AND SPRVIVAL OF METIS HARRISONiI AND CHOROTER­
PES BUGANDENSIS'NYMPHS IN DIFFERENT COMBINATIONS OF TEM­
PERATURE, DISSOLVED OXYGEN CONCENTRATION AND WATEll 

CURRENT SPEED 

. INTRODTJGTION 

Results ~eportedin previous. sections have shown nymphs of Choro-

.. ,t~rpes bugandensis and BaeUs harrisoni to differ quite markedly in their 

tolerances of high temperatures and low dissolved oxygen concentrations. 

Choroterpes nymphs were found to be fairly. tolerant of both factors. and 

were seen to live in ~luggish' streams in which. extremes of these factors 

might occur from time to time.. BaeUs harrisoni nymphs, on the other 

hand, were found not be able to tolerate either very high tern,peratures or 

very low dissol ved oxygen c0I;lcentrations. However, Baeti s nymphs were 

found to. be much more tolerant of these factors in faster flowing water 

than they were in very slow flowing water. Oxygen appeared to be more 

readily; available to them in faster flowing water. It was reasoned that 

dependence uponwate;r flow for an adequate, supply of oxygen was an, aspect 

of the phySiological adaptation of this species to its habitat in swift flOwing 

streams as has., been found by Ambiihl (1959) for other species of BaeUs. 

There. is o~e:r published evidence to sugges t ,that the effects of tem-

perature, dissolved oxygen and water flow rate on the survival of mayfly 

nymphs might be interrelated. ;Pleskot(1953), for instance, has suggested 

, on. the basis of field observations that death of .certain Ephemeroptera at. 

high temperatures rnight.,be brought abol,1.t by asphyxiation. In the experi-
. . '" -' .. ...' ' 

ments described here, nympJl~ of both, BaeUs. harrisoni and Choroterpes 

bugandensis were exposed to different combinations of these three factors 
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, .. 

and their combined effects on mortality. and survival of each species observed. 

MATERIAL AND METHODS 

Baetis 'harrisoni and Choroterpes bugandensis nymphs were collected 

in the Braamfontein Spruit aDd Pienaar~ River as has been described elsewhere. 

Before being, exposed to different combinations of the factors being investigated 

they were held for 24 hours in the laooratoryin open gauze trays. The trays 

. . . ... 
in turn were suspended in well aerated water either at the same temperature \ 

at which the experiments were to be carried out or. Uthe experiments were 

to be carried out at temperatures iri the lethal range.~t 20
0

C. 

in these gauze "trays was kept in motion at ill times. 

The Water 

The apparatus ,in which animals in IS cmperspex experimental tubes 

were exposed in aquaria of water to controlled test conditions has also been 

described. The experiments described here were of factorial design. In 

the first series of experiments, groups of animals in each possible combina-

tion of three temperatures and four different flow conditions were each exposed 

to a number of suitable low oxygen concentrations. hfter ,1000 minutes I ex-

posure numbers of nymphs found not to recov.er were noted. The lethal low 

oxygen concentration for each combination of temperature and water current 

speed was estimated from these observations by probit analysis (Finney 1952). 

In the second series of experiments. groups of nymphs at each possible com-

bination of these different dissolved oxygen concentrations and six different 

water flow conditions were each exposed to a number of suitable temperatures 

in the upper lethal :range. 'From mortality observed after 1000 minutes 

the upper lethal temperature was calculated for each combination of dissolved 

" 
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oxygen concentration and water current speed. 

In order to be able to decide on the precise levels of each factor 

to be tested a number of preliminary experiments had first to be carried 

out. To make possible the calculation of median lethal oxygen or tempe-

rature levels, conditions had to be created in each test which would kill 

some but not all of the test animals. 

In each experiment a large number of combinations of temperature, 

dissolved oxygen and water current speed had to be tested. Even when 

different current speeds were combined in the same tank by use of tubes 

of different diameters the number of combinations required greatly excee- . 

ded the number of the tes t tanks available. For this reason each eXpe-

riment was carried out piecemeal on different days over several weeks. 

The combinations of temperature, oxygen and. flow to be tested on each 

day were selected at random. Animals were collected separately for 

each day. Each combination of factors was tested at least twice on dif-

ferent days. 

CHOROTERPES AND OXYGEN 

Median lethal concentrations of dissolved oxygen for summer 

Choroterpes bugandensis nymphs at different combinations of. temperature 

and water current speed are shown in table 45. As may be seen, nymphs 

of this species were found to be less tolerant of low oxygen concentrations 

at higher temperatures. . However, although the differences between lethal 

low oxygen concentrations estimated at different temperatures were statis­

tically significant they only amounted to about O.loC to O.3
0
C. 
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TABLE 45 

1000-MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA- . 
TIONS FOR SUMMER CHOROTERPES BUG~1\fDENSIS NYMPHS AT DIFFE­
RENT COMBINATIONS OF TEMPERATURE AND WATER CURRENT SPEED 

Y Oxygen Lethal oxygen concen-

Tempe-
Current Nature Tube Numberj test tration (mg/l) , 95% 

speed of diameter of I concen- ;confidenee limits in 
ratu.re 

(em/sec) flow (em) nymphs brackets trations 

(mg/l) 

15
0

C 
<0.2 turb\l.l. ent 1 open 160 0.3 0.53 (0.49 to 0.57) 

I 0.4 
0.5 
0.6 

r-------- --------- -------- -------- ------- ~----------------------
2.6 laminar 2.6 160 0.3 0.47 (0.45 to 0.49) 

0.4 
0.5 
0.6 

f--------- ---------1---------1-------- t------- ----------------------
12.0 laminar 

I 
1.2 160 0.3 0.48 (0.45 to 0.51) 

0.4 

I 0.5 

~~;;.;;,,;-,~I--;.-;---
0.6 

1--------- 1-------_. ------- ----------------------
12.0 160 0.3 0.44 (0.40 to 0.48) 

0.4 
0.5 I , 
0.6 

20
0

C 
< 0.2 turbulent open 157 0.4 0.60 (0.56 to 0.64) 

0.5 
0.6 
0.7 --------1--------- --------r------ 1-------- ---------------------~ 

2.6 laminar 2.6 160 0.4 0.53 (0.50 to 0.56) 
0.5 
0.6 
0.7 

-----"--- -------- -------- ------- ------- ----------------------
12.0 laminar 1.2 160 0.4 0.55 (0.53 to 0.57) 

0.5 

~i2:ii----
0.6 
0.7 _ .. _----- -------- ------.-f-------- ----------------------

turbulen.t 2.6 160 0.4 0.55 (0.53 to 0.57) 
, 0.5 

I 
0.6 
0.7 

I 
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TABLE 45 (cont) 

Oxygen 
Lethal oxygen concen-

rrempe-
Current Nature Tube Number test 

tration(mg/l~ . 95% 
speed of diameter of concen-rature 

(cm/sec) flow (cm) nymphs trations 
confidence limits in 

(mg/l) 
brackets 

25
0

C < 0.2 turbulent open 160 0.5 0.72 (0.69 to 0,75) 
0.6 
0.7 
0.8 

1---------...:---..,.------...: -------- -------- -------- -------- --------
2.6 laminar , 2.6 159 0.5 . 0.69 (0.66 to 0.72) 

0.6 
0.7 
0.8 

-------- -------- .- ------ -------- -------"!"'" --------------------
12.0 hlminar 1.2 160 0.5 0.71 (0.68 to 0.74) 

0.6 
0.7. 
0.8 

..... ------- -------- -------- -------- -------- --------------------
12.0 turbulent 2.6 160 0.5 0.70 (0.67 to 0.73) 

0.6 
0.7 

'. 0.8 

BAETIS AND OXYGEN 

In the experiments involving Baetis harrisoni, many of the animals 

found dead at the end of each exposure to a combination of temperature and 

oxygen concentration were found to have died during ecdysis, as has been 

. 
described in previous sections of this report. . The symptoms these indivi-

duals shOWed, such as a loose outer skin, a split between the wingbuds, 

thoracic flexion, incomplete ecdysis and so forth, have been described in 

the section dealing with high temperature t~lerance. As before, it was 

established at the end of each experiment which of the dead and living ani­

.'\ 
mals had either moulted or had attempted ecdysis during exposure to the 

, 
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test conditions and which had not. Numbers dead and alive in these two 

groups were counted and lethal oxygen concentratio~ calculated separately 

for animals in and out of ecdysis. The experiment described here was 

carried out during summer. 

Some mortality of nymphs attempting ecdysis' was also observed among 

nymphs held at non-lethal oxygen concentrations while these experim.ents were 

being carried out. In a previous section this mortality of ecdysing nymphs 

not caused by the lethal factor being tested was reasoned possibly to have been 

caused by handling of nymphs which had already started to moult. This mor-

tality was treated statistically as "natural" mortalIty and the calcUlation of 

median lethal levels for nymphs in ecdysis balanced and compensated for 

this mortality in each instance (Finney 1952). 

Median lethal low dissolved oxygen concentrations, respectively for ani­

mals in and out of ecdysis, are shown in tables 46 and 47 for different com-

binations of temperature and water current speed. These results are fur-

ther illustrated in figure 37 for animals in ecdysis in laminar flow,. figure 

38 for animals in ecdysis in turbulent flow, figure 39 for animals in laminar 

flow not attempting ecdysis and figure 40 for animals in turbulent flow not 

attempting ecdysis. As was shown in the previous section, the dissolved 

oxygen requirements 'of Baetis nymphs were influenced most strikingly by 

the water current speed. In addition, minimal dissolved oxygen require-

ments of nymphs were found in almost all instances to be reduced at higher 

temperatures. 
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TABLE 46 

1000-MlNUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA:... 
TIONS AT DIFFERENT COMBlNATIONS OF TEMPERATURE AND WATER 
CURRENT· SPEED FOR SUMMER BAETIS HARRISONI NYMPHS IN ECDYSIS 

Water Animals 
Oxygen 

Lethal oxygen con-
Tempe- current Nature of 

Tube 
at temp-

test 
centration (mg/l), 

rature speed flow 
diameter 

ting 
concen-

95% confidence li-
(cm/sec) 

(cm) 
ecdysis 

trations 
mits in brackets 

(mg/l) 

15
0

C 2.7 laminar 2.6 124 5.0 6.3 (5.8 to 6.8) 
6.0 
7.0 
8.0 --------- ---------- -------- --------- -------- ------------------

7.0 laminar 1.6 135 3.0 4.4 (4.0 to 4.7) 
3.5 
4.0 
5.0 

-------- -------- ..... - --------. --------- ------- ----------i-------
22.2 laminar 0.9 157 2.0 2.3 (2.1 to 2.6) 

2.5 
3.0 
3.5 --------- ---------- -------- --------- ------- ---- -------------

8.0 turbulent 5.0 142 3.0 3.2 (2.9 to 3.6) 
3.5 
4.0 
5.0 

-------- ------ .... _-- -------- --------- -------- ------------------
14.8 frbulent 2.6 161 1.5 2.0 (1. 8 to 2.2) 

2.0 
2.5 
3.0 

------------------- -------- --------- -------- -~~---------------
39.1 turbulent 1.6 142 1.0 1.4 (1. 3 to 1.6) 

1.5 
2.0 
2.5 

20
0

C 2.7 laminar 2.6 178 5.0 7.0 (6.5 to 7.6) 
6.0 

i --~-~~--I---------- --------- --------- -~~ ~---~-~~-(~~~-~-;.-;)-~ 7.0 laminar 1.6 152 .. 

L ________ J __________ 
4.0 I 
5.0 I . I 

------------------ 6.0 J -------------------------
f 

j 
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TABLE 46 (cont) 

Water 
. , 

I Tube 
Animals 

Oxygen 
Lethal oxy-gen con-

current iNature of attemp-
test 

centration (mg/l) J 
diameter 

I speed flow 
(em/sec) 

22.2 1 laminar 

I---;:~--t-~~~~~~;-
1 i . 

b~.-;---· -~~~I;;;;;-
l-------- ----------39.1 : turbulent 

,~. 7 laminar 

ting 
(em) 

ecdysis 

0.9 157 

cone en,..; 
trations 
(mg/l) 

2.0 
2.5 
3.0 

95% confidence Ii-
mits in brackets 

2.3 (2.0 to 2,,6) 

------------------- -~.:~-~--~------------------
5.0 158 2.5 3.6 (3.2 to 3.9) 

13.0 

--;.-;---- --~~;- ---H-.: ~---'II ;~;-.(;~~-;; -;:~}--
. 2.0 . 

. 2.5·· . 

------------------1-.~.:.?---..L------------------
1. 6 160 I' 1. 0 1. 5 (1. 4 to 1. 6) . 

2.6 243 

1.5 
2.0 . 
2.5 

5.0 
6.0 
7.0 
8.0 

>8 

________ • __________________________________ 1.. _________ :- _______ _ 

7.0 laminar 

" 22.2 ! 
laminar 

8.0 turbulent 

--------._---------
14.8 turbulent 

1.6 280 4.0 
5.0 
6.0 
7.0 

5.4 (5.0 to 5.7) 

------------------
0.9 239 2.0 2.8 (2.5 to 3.1) 

5.0 265 

2.5 
3.0 
3.5 

--------~-----------------
3. 0 4. 3 (4. 0 to 4 . 6) 
3.5 

4.0 I 
5.0 I 

--------~--------- --------~-----------------

-~.-~ ___ J __ ::: ____ J_IL -J ~~:"~:~:_~~-~~~ __ J 
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TABLE 46 (cont) 

Water Animals 
Oxygen 

Lethal oxygen con-
Tube test Tempe- current Nature of 

diameter 
attemp- centration (mg/l), 

rature speed flow ting 
concen-

95% cOJ;lfidence li-
(cm) trations 

(cm/sec) ecdysis 
(mg/l) 

mi ts in brackets 

25
0

C 39.1 turbulent 1.6 271 1.0 1.9 (1.7, to 2.1) 
1.5 
2.0 

'. 2.5 

TABLE 47 

1000-MffiUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA­
TIONS AT DIFFERENT COMBffiATIONS OF TEMPERATURE AND WATER 
CURRENT SPEED FOR SUMMER METIS HARRISONI NYMPHS NOT 

Tempe-
rature. 

ATTEMPTING ECDYSIS 

Water Animals 
Tube 

current Nature of 
diameter attemp-

speed flow ting 
(cm/sec) 

(cm) 
ecdysis 

2.7 laminar 2.6 138 

Oxygen 
test 

concen-
trations 
(mg/I) 

0.6 
1.0 
1.5 
2.0 

Lethal oxygen con-
centration (mg/l) , 
95% confidence li-
mits in brackets 

1.1 (0.9 to 1. 2) 

---------- ---------- -------- --------- ------- ------------------
7.0 laminar 1. 6 164 0.4 0.7 (0.6 to 0.8) 

22.0 laminar 0.9 143 

8.0 turbulent 5.0 159 

0.6 
1.0 
1.5 

0.4 
0.6 

0.6 (0.5 to 0.8) 

1.0 , I 
1.5 

-------1------------------0.4 0.9 (0.8 tOI 1. 0) 
0.6 . 

. 1.0 I I 
1.5 1 I ------- -----------------~ 
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Water 
current 
speed 

(cm/sec) 

14.8 
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TABLE 47 (cont) 

Nature of 
flow 

turbulent 

Tube Animals 
. attemp-

dIameter t; mg 
(cm) ecdysis 

2.6 148 

Oxygen I 
Lethal oxycren conl' 

test t t' ,b /1) , cen ra Ion (mg , 
concen- . ' . 

t t
·, 95% confldence lI-

ra IOns ·t' . b k' t 
(mg/l) ffil s m rae e s 

o.~4 
0..6 
1.0. 
1.5 

0..7 (0..6 too.. 9) 

I-----------r----------- ----------------- ------- ------------------
39.1 turbulent 1.6 148 0..4 0..6 (0..6 to 0..7) 

2.7 laminar 177 

- ---------~---------- --------~--------
7.0 laminar 1. 6 137 

-----~---------------- --------1---------
22.2 laminar 0..9 168 

0..6 
1.0. 
1.5 

1.0. 

1. 5 I 
2.0. 

1.6 (1.4 to 1.7) 

2.5 . 
--------------------------

0..6 1.1 (0.9 to 1. 3) 
1.0. 
1.5 
2.0. 

o.. 4 o.~ 8 (0..7 to 0..9) 
0..6, 
1.0. 
1.5 

-----------"----------- --------1--------- --------------------------
8.0. turbulent 5.0. 157 0..4 0..9 (0..8 to 0..9) 

----------------------
14.8 turbulent 2.6 

0..6 
1.0. 
1.5 

-~------~--------------------------

141 0..4 
0..6 
1.0. 
1.5 

0..8 (0..7 to 1.0.) 

1---------------------- -------- -------- -------------------------
I 39.1 turbulent 1.6 167 0..4 0..6 (0..5 to 0..7) 

0..6 
1.0. 

1.5 I 



-227-

TABLE 47 (cont) 

Water Animals 
Oxygen 

Lethal oxygen con-
Tempe- current Nature of 

Tube 
attemp-

test 
centration (mg/l), 

diameter 
rature speed flow ting 

concen-
95% confidence li-

(cm/sec) 
(cm) 

ecdysis 
trations 

mits in brackets 
(mg/l) 

25
0

C 2.7 laminar 2.6 132 1.5 2.3 (2.1 to 2.4) 
2.0 
2.5 
3.0 

1---------- --------- -------- --------- -------- ------------------
7.0 laminar 1.6 144 0.6 1.4 (1. 3 to 1. 5) 

1.0 
1.5 
2.0 

---------1---------- -------- --.------- -------- ------------------
22.2 laminar 0.9 140 0.6 1.0 (0.9 to 1.1) 

1.0 
1.5 
2.0 

---------1---------- -------- --------- -------- ------------------
8.0 turbulent 5.0 108 0.4 0.9 (0.8 to 0.9) 

6.6 
1.0 
1.5 

---------r--------- -------- --------- -------- ------------------
14.8 turbulent 2.6 125 0.4 1.0 (0.9 to 1.1) 

0.6 
1.0 
1.5 

--------- ... _-------- -------- --------- -------- ------------------
39.1 turbulent 1.6 123 0.4 0.9 (0.8 to 1. 0) 

0.6 
1.0 
1.5 

It was shoWn in the previous section that regression lines of the form: 

where 

1 

Y = a + b X _ c (X)"2 

Y represents the "expected" lethal low dissolved oxygen concen-

tration, 

X represents the water current. speed, and 

a, band c are regression coefficients 
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.. 

Figure 37 

1000-IDinute median lethal low dissolved oxygen concentrations for summer 

Baetis harrisoni nymphs in laminar flow attempting ecdysis, in different . 
water current speeds· and at the following temperatures: 

squares 
1 

regression line Y = 13.48 + 0.45 X - 4.34 (X)2 

1 

regression line Y = 12.79 + 0.45 X - 4.34 pq2 

regression line 
1 
2 Y = 12.55 + 0.45 X - 4.34 (X) • 

95% confidence limits shown for each median value ~ 
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Figure 38 

lOOD-minute median lethal low dissolved oxygen concentrations for summer 

Baetis harrisoni nymphs in turbulent flow attempting ecdysis, in different 

water current speeds and at the following temperatures: 

squares 2Soe 

circles 

triangles 

20
0 e 

l50e. 

95% confidence limits shown about each median value • 
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. Figure 39 
.1 ' ' 

, '. . " . . 

1000~minute median lethal low dissolved oXygenconcentraUolls for summer . 
','" .~ , . .' , , '. 

Baetis harris'oninymphsin laminar flow -not aitemptingecdYE!is~in different . 
.• ..:t 

waJer c.ul~rent speeds alld at·;the following temperatuJ.'es: . . , ./' 

; .circles 

triangle!:! 

". ' .............................•.. t ..... 
fitted'~li1l:e Y.··=·.4.74.+ .. 0.22 X ..;.·1~85 .. (X) .. 

L 
o. " 2°IC " .. : . 

'L 

.' . fitted line y.::: ~2. so .4- . 0.16 X . l'~OO(X)$' 
, , :., ", .' '. , .' 

b . " ...... .... . .. . 

151e ...........•........... > .•....... 
fitted line Y = '2.26 + 0.11 X 

I ; ,. ',', 

I 
I 

. I·.: 

! 
1 

'·1 

, . , 
I 

. ·1 
.' ... ' . 2 

- 0.89 (X). 

; . 

'.1. 
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Figure 40 

1000-minute median lethal low dissolved oxygen concentrations for stimmel' 

Baetis harrisoni nymphs in turbulent flow not attempting ecdysis, in diffe-

rent water current speeds and at thefollbwing temperatures: 

squares 

circles 

triangles 
o 

15 C. 

95% confidence limits shown about each median value . 

. r' 
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in most instances provided a satiSfactory des cription of the observed rela-

tion between water current speed and the minimal dissolv·ed oxygen require- . 

ments of Baetis nymphs. Lines of this form have been fitted to the data 

shown in figure 37, the estimates of band c being pooled in the three 

equations. The lethal dissolved oxygen concentrations for nymphs in lami-

nar flow attempting ecdysis shown in figure 37 were Significantly . higher 

. o· 0 0 
at 25 C than they were at either 15 C or 20 C. At only one of the current 

speeds tested was the lethal dissolved oxygen concentration at· 20
0

C higher 

, 0 
than that at 15 C (p < 0.05). The value of a in the three regreSSion equa-

tions increased with increaSing temperature. No realistic analysis of the 

mathematical relation between experimental temperature and minimal dissol-

ved o},.ygen requirements of the nymphs is possible from the da,taavailable 

without detailed knowledge of the metabolic oxygen requirements of nymphs, 

which is not available. These requirements must presumably be greatly 
. . . 

influenced both by the temperatures at which the nymphs had been living 

and by recent changes in temperature to which they had been exposed 

(Fry 1964). 

Regression equations of the form shown in figure 37 can be fitted 

individually to each set of three points at the same temperature in figures 

38 and 39. However, the fit of these lines is' extremely poor when pooled 

i estimates I of the regreSSion constants are used. . Lines fitted to each set 

of three points are shown in figure 39 but not in' figure 38. Reasonable 

approximations to the data shown in figure 40 were not obtained by regres- . 

sion analysis. The lines shown in figure 39 are unacceptable because they 

suggest that lowest lethal dissolved oxygen concentrations might be found at 
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a current speed of around 16 cm/sec and that the dissolved oxygen require­

ments Of nymphs might ihcrease rapidly with increase in current speed over 

about 20 cm/sec, for which there is no direct evidence. These data do 

not differ greatly from those shown in figure 36 of the previous section. 

In the discussion of figure 36 in the previous section it was suggested that 

the points comparable to those shown in figure 37 might possibly have been 

uniformly lower than they ought to have been. 

of the regression lines difficult. 

This makes interpretation 

No other acceptable regression lines could be found to fit the data 

shown in figures 38, 39 and 40 0 In all, the lethal dissolved oxygen con-

centrations estimated were highest at 25
0

C and lowest at 15
0

C, presuma,..· 

bly because the metabolic oxygen requirements of nymphs increased with 

increasing temperature. Figures 38 and 39 suggest that the influence of 

water temperature on the lethal dissolved oxygen concentration was greatest 

in slow flowing water. 

One result of the experiments described here is not reflected either 

in the tables or in figures 37, 38, 39 and 40. Although the median lethal 

low dissolved oxygen concentrations estimated at different temperatures did 

not differ very greatly, many more nymphs were found to m?ult at higher 

temperatures. Because nymphs attempting ecdysis were less tolerant of 

low dissolved oxygen levels thanw~re nymphs not attempting ecdysis, the 

total mortality rate increased very markedly with increase in temperature. 

The influence of temperature on the relative numbers of summer 

Baetis harrisoni nymphs attempting ecdysis is illustrated in figure 41. 

Numbers of nymphs were collected and distributed at random among gaU2;e 

. .r. 
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Figure 41 

Numbers of summer Baetis harrisoni nymphs attempting ecdysis 

during 1000 minutes in the laboratory at different temperatures 

(the results expressed per cent) 

. ./ 
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trays suspended in aquaria in which the water temperature was maintained 

000 
at 15 C t 20 C and 25 C. Algal food was supplied and the water kept in . 

motion. After. a day the nymphs were transferred to clean gauze trays 

in water at the same temperature. The water was again kept in motion 

but food was not supplied. After .1000 minutes the animals were removed 

and the number of nymphs that had either moulted or had begun to moult 

in each tray was established. 

The fact that differences ·both in the . lethal low dissolved oxygen con-

. . . 

centration for nymphs in and out of ecdysis and in the .relative numbers of 

nymphs attempting ecdysis influenced the total mortality rate in low diss3l­

ved oxygen concentrations at 15
0

C, 20
0

C and 25
0

C is illustrated in figures 

42, 43, 44 and 45. Figures 42, 43 and 44 show mortality (in ecdysis, out 

of ecdysis and total) for experimental groups held at different low dissolved 
. .. 0 . 

oxygen concentrations in a laminar flow of 7 cm/sec at 15
0

, 20QC .and 25 C. 

Each of these three figures ;is plotted on probability paper, with ordinate 

values shown per cent but the ordinate in fact being a probit scale. The 

straight lines A and B in each figure are fitted probit mortality lines, respec-

tively for nymphs out of ecdysis and in ecdysis, from which the median lethal 

values shown in tables 46 and 47 were calculated. The sinuate line C in 

each figure was calculated as: 

Y C (probit) = probit [ Y A (per cent) + EY B (per cent)] 

for each dissolved oxygen concentration (X), where: 

Y C is the "expected" total mortality, here plotted on a probit scale, 

Y A and Y B represent "expected" mortalities respectively out of 
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ecdysis and in ecdysis, calculated in. probUs from the probit 

lines A and B and here converted to values per cent, 

E is the proportion of nymphs eXpected to attempt ecdysis at the 

test temperature (from figure' 41). 

A 
/'{l.. 
IV test has shown the agreement between observed total mortality and 

!1expectedl! !c to be surprisingly good in each instance. Similar figures 

drawn for the other tests summarized ill tables 46 and 47 but not shown 

he~e aiso showed a reasonable fit between observed total mortality and Y C. 

Empirical estimates of the low dissolved oxygen concentrations .ex-

pected to cause a ~otal of' 50 per cent of animals to die after 1000 minutes I 

exposure may be read off each line C in figures 42, 43 and 44. In 

figure 45:' these are compared with the median lethal values for nymphs in 

and out of ecdysis. As may be seen, the median lethal levels for the 

total population increase more rapidly with increasing temperature than 

do the median lethal le-velsfoi' nymphs either in or. olit of ecdysis. Com-

parison with figures 42, 43 and 44 shows the increased total mortality at 

high temperatures to have resulted from the fact that more nymphs attemp-

ted ecdysis. 

CHOROTERPES AND TEMPERATURE.' 

Median upper lethal temperatures for summer Choroterpes buganden-

sis. at three different dissolved oxygen concentrations are sho~vn in table 48. 

This experiment was also carried out piecemeal over several days. , . Tubes 

of . internal diameter 2.6 cm were used, . through which a water current speed 

·of 15 cm/sec was maintained, at which speed' the flow was turbulent. As 

.' 
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Figure 42 

Mortality of summer Baetis harrisoni nymphs at different low 

dis sol ved oxygen concentrations at 15
0 

C in laminar water. flow 

of 7 em/sec: 

open circles and line A - nymphs not in ecdysis 

closed circles and line B - nymphs in ecdysis 

shaded circles and line C- total. 

For explanation see text. 
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Figure 43 

Mortality of summer Baetis harrisoni nymphs' at. different low 

dissolved oxygen concentrations at 20
0 e in laminar water flow 

of 7 em/sec: 

open circles and line A - nymphs not in ecdysis 

closed circles and line B nymphs in ecdysis 

shaded circles and line e - total. 

For explanation see text. 

/' 
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Figure 44 

Mortality of summer Baetisharrisoni nymphs at different low 

dissolv.ed oxygen concentrations at 25
0

C in laminar water flow 

of 7 em/sec: 

, 
open circles and line A - nymphs not in ecdysis 

;'. '," 

closed cirCles and line B - nymphs in ecdysis 

shaded circles and line C - . total. 

For explanation see text. 

./ 
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TABLE 48 

1000-MINUTE MEDIAN LETHAL UPPER LETHAL TEMPERATURES FOR 
SUM1VIER CHOROTERPES BUGANDENSIS NYMPHS AT DIFFERENT CON­

CONCENTRATIONS OF DISSOLVED OXYGEN 

Dissolved Number Test Lethal temperature 
oxygen of temperatures to C), 95% confidence 

. (mg/l) nymphs (oC) limits in brackets 

8 160 35.6 36.0 (35.8 to 36.2) 
35.8 
36.0 
36.2 

4 160 35.4 35.6 (35.4 to 35.9) 
35.6 
35.8 
36.0 

1 160 34.6 34.9 (34.7 to 35.2) 
34.8 
35.0 
35.2 

may be seen, the upper lethal temperatures of these nymphs were reduced 

sign.ificantiy at lower co~centrations of dissolved oxygen. As in the case 

of other experiments involving this species, the nymphs attempting ecdysis 

during the experiment were not found to be less tolerant than those not in 

ecdysis. 

BAETIS AND TEMPERATURE 

The results of the present study have revealed striking reseniblances 

between circumstances and symptoms of mortality of Baetis nymphs at high 

temperatures and in low dissolved oxygen concentrations. In both cases 

nymphs in ecdysis were found to be significantly less tolerant than ·were nymphs 

out of ecdysis. IIi both instances mortality was markedly influenced by the 
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rate of water flow. These resemblances were further investigated in an 

experiment carried out during winter in which high temperature tolerances 

of Baetis harrisom nymphs. were compared at different dissol ved o~gen con-

centrations. 

The results of this experiment, again carried out piecemeal on diffe-

rent days over several weeks, are summarized in tables 49 and 50. For 

TABLE 49 

1000-MINUTE MEDIAN UPPER LETHAL TEMPERATURES AT DIFFERENT 
WATER CURRENT SPEEDS AND DISSOLVED OXYGEN CONCENTRATIONS 
FOR WINTER BAETIS HARRISON! NYMPHS ATTEMPTING ECDYSIS. 

_. 

"" Nu.mhert· Tes t Lethal Dissol- Water Tube temperature 
Nature 

dia-
·0 

95% confidence ved current 
of of 

tempe- ( C), 
. oxygen speed 

flow 
meter 

nymphs 
ratures limits in brackets 

(mg/l) (em/sec) (cm) (oC) 

8 2.7 laminar 2.6 152 23.5 24.0 (23.6 to 24.4) 
24.0 
24.5 
25.0 

-r'-------- --------- ------- ------- ------- --------------------
7.0 laminar 1.6 163 24.5 25.5 (25.3 to 25.8) 

25.0 
25.5 
26.0 

-I---------~ --------- ------- ------- ------- -----------~------~-
22.2 laminar 0.9 171 25.5 26.4 (26.3 to 26.6) 

26.0 
26.5 
27.0 - -------- --------- -------t------- ------- ------------~-~------

8.0 turbulent 5.0 . 167 25.0 26.2 (26.0 to 26.3) 
25.5 
26.0 
26.5 - -------- --------- ------- ------- ------- ---------------------

14.8 turbulent 2.6 169 25.5 26.8 (26.7 to 27,0) 
26 0 0 
26.5 
27',0 

- -------- --------- ------- ------- ----------------------------
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TABLE 49 

Dissol- Water 
Nature 

Tube Number ". Test 
Lethal temperature 

ved current dia- tempe- 0 
of of ( C), 95% condifence: 

oxygen speed 
flow 

meter 
nymphs 

ratures 
limits in brackets 0 

(mg/l) (em/sec) (em) ( C) 

39.1 I turbulent 1.6 171 25.5 25.9 (25.7 to 26.1) 
26.0 
26.5 
27.0 

6 2.7 laminar 2.6 148 20.5 20.9 (20.7 to 21.1) 
21.0 
21.5 
22.0 --_._---- --------- ------- -------- --------~---------------------

7.0 laminar 1.6 151 23.5 24.9 (24.7 to 25.1)< 
24.0 
24.5 
25.0 

-------- --------- ------ -------- ------- ---------------------
22.2 laminar 0.9 151 25.0 25.8 (25.6 to 26.0)' 

25.5 
~ 26.0 

26.5 
---------------------j -------- --------- ------ --------1--------

8.0 turbulent 5.0 161 24.0. 25.4 (25.2 to 25.6); 1 
24.5 j 

25.0 

I 25.5 
--------- --------- ------ -------- -------- -------------~-------l 

14.8 turbulent 2.6 148 24.5 25.8 (25.5 to 26.0),· 
25.0 
25.5 
26.0 f--------- --------- _ .... ----- -------- -------- ----------~----------

39.1 turbulent 1.6 164 24.5 24.6 (24.3 to 24.7) 
25.0 
25.5 

·26.0 

4 2.7 laminar 2.6 156 17.0 lethal at all tempe .... 
18.0 ratures 
19.0 
20.0 '--------- -------- ------- ----------------'----------------------
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TABLE 49 (cont) 

Dissol- Water 
Nature 

Tube 
Number 

Test 
Lethal temperature t cJ ved current dia tempe-

speed 
of 

meter 
of 

ratures 
95% confidence limits oxygen 

flow nymphs in brackets 
(mg/!) (cm/sec) (cm) tC) 

4 7.0 laminar 1.6 176 22.5 23.3 (23.1 to 23.5) 
23.0 
23.5 
24.0 -----_._-- ---------- ------ --------1-------- ---------------------

22.2 laminar 0.9 156 24.0 24.5 (24:.3 to 24.7) 
24.5 
25.0 
25.5 --------..;.. ---------- ------ -------- -------- ---------------------

8.0 turbulent 5.0 148 23.0 23.,9 (23.7 to 24.0) 
23.5 
24.0 
24.5 

------.--- ---------- r:------- -------- --------r:------------------~---
14.8 turbulent 2.6 141 23.5 24.5 (24.3 to 24.8) 

24.0 
24.5 
25.0 ---------- ----------r------ -------- ------------------------------

39.1 turbulent 1..6 140 23.5 24.3 (24.1 to 24.5) 
24.0 
24.5 
25.0 

TABLE 50 

1000-MINUTE MEDIAN UPPER LETHAL TEMPERATURES AT DIFFERENT 
WATER CURRENT SPEEDS AND DISSOLVED OXYGEN CONCENTRATIONS 
FOR WINTER BAETIS HARRISONI NYMPHS NOT ATTEMPTING ECDYSIS 

Dissol- Water Tube 
Number 

Test 
Lethal 

0 

ved current 
Nature 

dia- tempe-
temperature( C). 

of of 95% confidence limits 
oxygen speed 

flow 
meter 

nymphs 
ratures 

in brackets 
(mg/l) (cm/sec) (cm) tc) 

8 2.7 laminar 2.6 139 28.0 28.6 (28.4 to 28.8) 
28.5 
29.0 
29.5 

-------- -------- -------- -------- ------- ----------------------

I 
I 

! 
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TABLE 50 (cont) 

Dissol- Water Tube· 
ved current. 

Nature 
dia-

Number 
of of 

oxygen speed 
flow 

meter 
nymphs 

(mg/l) (em/sec) ( em) 

8 7.0 laminar 1.6 135 

--------- ---------~-------
22.2 laminar 0.9 128 

---------.---------f--------
8.0 turbulent 5.0 122 

--------- ---------1--------
14.8 turbulent 2.6 130 

Test . 0 

tempe-
Lethal temperature( C), 
95% confidence limits 

ratures 
in brackets I tc) 

I 

28.5 29 •. 2 (29.0 to 29.3) 

29. <f I 
29.5 
30.0 I 

--;;:;-- ---;~ :;-(;~.-; -t~-~; ~~) --I 
29.0 
29.5 
30.0 -------'- ---~-------------------I 
28.0 29.0 (28.9 to 29.1) I 

. 28.5 
·29.0 ! 
-~~'-~- ----------------------J 

28.5 29.4 (29.2 to 29.5\) 
! 

29.0 
29.5 
30.0 . f--;...------ ---------1-------- -------- ----.--- ----------------------

6 

39.1 turbUlent 1. 6 127 28.5 29.4 (29.2 to 29.6) 
29.0 

2.7 laminar 

;...---~--------------
7.0 laminar 

2.6 146 

29.5 
30.0 

27.0 
27.5 
28.0 
28.5 

. 27.2 (26.9 to 27.~) 

1.6 147 28.0 28.7 (28.6 to 28.9) 
28.5 
29.0 
29.5 

t----------I--------- -------- --------. ------- --------------------.-- I 
22.2 laminar 0.9 127 28.028.7 (28.4 to 28.9) I 

.28.5· I 

i 29.0 I 
f----~~~---:~~~~~~; -~~~----~~~;----i--;;:-;-- ---;~~~-(;;.-;-t~--;;~~)- . 

L--------_l ________ l ________ c ______ l_1H_" ____________________ _ 
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TABLE 50 (eont) 

DissoI- Water 
Nature 

Tube 
Number Test·' Lethal ' ° 

ved eurr~nt dia- tempe-
temperature( C), 

speed 
,of ii:' 'meter of 

, ' ratures 
9.5% ~onfidenee limits oxygen ", 

(mg/I) (em/sec) 
flow 

(em) 
nymphs (0C) in brackets 

, ·1 

6 14.8 turbulent 2.6 124 28.0 28.7 (28.5 to 29.0) 
,': ".' ... " 28.5 

29.0 
' .. , 

30.0 
-------- ---- ..... ---- ------- -------- ---_ ..... _-- ------,-----------------

{ 39.,1 tur,bulent 1.6 126 28.0 28.8 (28.6 to 28.9) 
28.5 

, 29.0 
29.5 

4 2.7 laminar 2.6 136 25.5 25.6(25.5 to 25.8) 
, " 26.0 

26;5 
27.0 

r------'-- .......... _------ ----:---- ----"T"'--- -------- ----r----~-------------

7.0 laminar 1.6 124 26.5 26.9 (26.8 to 27.1) 
27.0 
27.5 
28.0 

--------- --------- -------- -------- -------- ------,..---------------
22.2 laminar 0.9 136 26.5 27.1 (26.9 to 27.3) 

27.0 
: 27.5 ~ 

.. 
-----'...;.;..--' 

28.0 
..:..~--....;~~-- --------1----,---- -------- --~-------------------

8.0 turbulent 5!0 117 26.0 27.2 (27.0 to 27.4) 
26.5, 
27.0 

. ' , . ',:. 27,.5 
--------- --------- --------1-------- -------- -----------------------

14.8 turbulent 2.6 137 26.5, 27.4 (27.2 to 27.5) 
" 

I 
27.0 
27.5 
28.0 

I- ------- --------- -------- ------- -------- -----------------------
39.1 'turbulent 1.6 127 26.5 27.5 (27.3 to 27.'J) 

27.0 
27.5 
28.0 

" 
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this experil}1ent, Baetis harrisoni nymphs after 24 hours in the laboratory 

at 20
0
Cin oxygen saturatErl water were exposErl to different . combinations of 

. . 

temperature, dissolvErl ·oxygen and water current speErl.Mortality at each 

combination of these factors was notErl both. for nymphs attempting and not 

attempting ecdysis. IIi the previous experiment it had heen· found that the 

dissolved oxygen concentrations which were lethal for nymphs in and out of 

ecdysis were sufficiently different from one another to make it necessary to 

use different test levels of dissolved oxygen for each. The same difficulty 

was experienced in this experiment. Different test. temperatures· had to be 

used for nymphs in and out of ecdysis. These results confirm that both 

dissolved oxygen concentration and water current speed influenced the morta-

lity of Baetis harrisoni nymphs at high temperatures. 

DISCUSSION . 

. From the results presented here it seems clear that temperature, 

dissolved. oxygen concentrati~n and water current speed jOintly affect· the 
. .' , 

survival of Baetis harrisoni nymphs in a somewhat complex manner. . How-
. . ".' 

ever, efforts to describe these joint effects in simple. methamatical terms, 

and in so doing to draw inference as to the mechanism of their interaction, 

have been unsuccessful. The equation describin~the .current speErl/low oxy-

gen/high temperature tolerance zone for nymphs of this species should include 

functions for· such factors as 

(a). the rate of diffusion of oxygen to the nymphs, as influenced by water 

flow conditions, which can not be predictErl for the circumstances of 

. these experiments 
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(b) the metabolic oxygen requirements of nymphs at different stages in 

their life history, which ate not known 

(c} the metabolic oxygen requirements of nymphs maintaining their posi­

tion in different current speeds, also unknown 

(d) the metabolic oxygen requirements of nymphs at different temperatures 

and during acclimation to changed temperature, also unknown and shown 

by Fry and Hart (1948) and Woynarovich (1961) often to be complex. 

It is clear from the complexity of the situation that observed data might be 

difficult to representwith a simple equation. On the basis offield obser-

vations and laboratory rearing of the number of stenothermal Leptopblebiidae, 

Pleskot(1953)' has in fact suggested that death of these animals at higher 

temperature was caused by asphyxiation. She also found nymphs to be most 

susceptible to high temperature and oxygen lack during ecdysis and, as last 

instal' nymphs. 

, , Somewhat similar observations were made by Zahner (1959). He 

found nymphs of a species of the dragonfly genus Agrion to be restricted to 

cooler water by oxygen lack at higher temperatures.-~' If relatively widespread 

species such as Baetis harrisoni are limited in this way by oxygen lack at 

high temperatures the same might apply to even greater degree to the many 

insects whose distribution is limited to cold and torrential mountain streams. 

These species are mostly revealed' by this distribution to be stenothermal and 

typically only survive in well oxygenated and swift flowing, Water (Illies and 

, Botosaneau 1963). The South African forms include several species of Baetis 

(Harrison 1965b). Studies of the oxygen requirements and temperature toleran­

ces of these animals would be of great interest. 
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Comparison of tables 46 and 47 vvith tables 49 and 50 reveals that 

summer Baetis harrisoni nymphs were able to tolerate oxygen-temperature 

combinations· which would have killed all the winter nymphs. The discrepan-

cies between the results of these two experiments are illustrated in figures 

46 and 47, two conjectural three-dimensional representations of the possible 

current speed/ dissolved oxygen/ temperature tolerance zones for Baetis 

nymphs in ecdysis, respectively in laminar and in turbulent flow, as sugges-

ted by the results shown in tables 46, 47, 49 and 50. 

The discrepancies between tables 46 and 47 that are illustrated in 

figures 46 and 47 were due mainly to the observation that summer Baetis 

o 
harrisoni nymphs at 25· C were able to tolerate fairly low concentrations of 

dissolved oxygen. During winter, and on several occasions in summer as 

well, nymphs of this species were found to die at 25
0

C in water saturated 

with oxygen, even if the temperature was raised very slowly. This sugges ts 

that the summer nymphs found in the experiment described here to be tolerant· 

of low dissolved oxygen concentrations at 25
0

C were more than usually tolerant 

of high· temperatures as well and were enabled by some adjustment to tempera-

ture to tolerate these conditions. 

As was shown in an earlier section, Baetis harrisoni nymphs collected 

at certain times of year were found to be far more tolerant of high tempera-

tures than were nymphs collected at other times. Nymphs were not ever 

found to become as tolerant through acclimation over a few days to high tem-

peratures in the laboratory and adjustments to temperature that take part over 

much longer periods of time in the field are evidently of great importance in 

determining the temperature tolerances of nymphs. 
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The heavy black lines in figures 46 and 47 connect observed points 

taken from tables 46 and 49. The broken lines are conjectural and illustrate 

that even the normal increase in upper lethal temperatures which would be ex-

pected in summer could explain the differences between tables 46 and 49. 

SUMMARY 

1. Lethal low dissolved o~gen concentrations for summer Choroterpes 

,nymphs were not influenced by differences in water current speed but 

were increased by 0.02 to 0.06 mg/l in stagnant water. 

2. Lethal low'dissolved oxygen concentrations for summer Choroterpes 

nymphs were relatively low at 25
0 

C (average 0.46 mg/l in flowing 

, water), higher were at 20
0

C (averageO. 54 mg/l in flowing water) 

and even higher at 25
0

C (average 0.70 mg/l in flowing water). 

3. Lethal low dissolved oxygen concentrations for summer Baetis nymphs 

were relatively high in water flowing at 2.7 cm/sec (from 6.3 mg/l 

to well above saturation for nymphs in ecdysis and from 1.1 to 2.2 

, ',mg/l, for nymphs not in ecdysis, depending on temperature) and rela-

tively low in water flowing at 14.8 to 39.1 cm/sec (from 1.9 to 2.3 

mg/l for nymphS in ecdysis and from 0.6. to 1. 0 mg/l for nymphs not 

in ecdysis in 14.8 to 39.1 cm/sec water flow, depending on the tem-

perature and the speed and nature of the flow). 

4. Lethal low dissolved oxygen concentrations for summer. Baetis nymphs 

'0, ',' 
were lower at 15 C(from 1.4 to 6. 3mg/1 for nymphs in ecdysis and 

from 0.6 to 1.1 mg/l for nymphs not in ecdysis, depending on current 

speed) than ,they were at20
0

C (from 1.5 to 7.0mg/l for nymphs in' 

ecdysis and from 0.6 to 1. 6 mg/l for nymphs not in ecdysis, depending 

./ 
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Figure 46 

Conjectural three-dimensional representation of the possible median 

limits of tolerance of combinations of dissolved oxygen, temperature 

and current speed by nymphs of Baetis harrisoni in laminar flow 

attempting ecdysis, as~ suggested by: 

open circles . upper lethal temperatures of winter nymphs 

at different dissolved oxygen concentrations 

and current speeds 

closed circles lethal low dissolved oxygen concentrations 

of summer nymphs at different temperatures 

and current speeds. 
. .. 

Solid lines . connect' observed points. Conjectural lines are broken. 

For explanation s~e text. 
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Figure 47 

Conjectural three-dimensional representation of the possible median 

limits of tolerance of combinations of dissolved oxygen,. temperature 

and 'current speed by nymphs of Baetis harrisoni in turbulent flow 

attempting ecdysis, as suggested by: 

open circles 

closed circles 

upper lethal temperatures of winter nymphs 

at different dissolved oxygen concentrations 

and qurrent speeds 

lethal low dissolved oxygen concentrations 

of summer nymphs at different tempera­

tures and current speeds. 

Solid lines connect observed pOints.. Conjectural lines are broken. 

For explanation see text. 
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on current speed) and highest at 25°C (from 1. 9 to well above satura-

tion for nymphs'in ecdysis and framO. 9 to 2. 3mg/l for nymphs not 

in ecdysis, depending on current speed). 

5. Upper lethal temperatures for sumnierChoroterpe~ were highest inwa-

ter cC)n"taining 8 mg/ldissol ved oxygen (36.0° C) I lower in 4 mg/l dissol­

ved oxygen (35.6°C) ~d even lower in ling/ldi~solved()xygen (34. 9°C). , 

6. Upper lethal temperatures for ,winter Baetis nYll1phs' were relatively 

low in water flowing at 2.7 cm/sec (from less than 17°C to 24.0
o

C 

for nymphs in ecdysis and from 25. SoC to 28.6
o

C for nymphs not in 

ecdysis, depending on dissolved oxygen concentration) and higher in 

water flowing at 14. 8to 39.1 cm/sec (from 24.30C to 26. SoC for 

nymphs in ecdysis and from 27.1
o

C to 29.4
o

C for nymphs not in 

ecdysis, depending on dissolved oxygen concentration and on water 

current speed). 

7. Upper lethal temperatures for winter BaeUs were highest in S mg/l 

dissolved oxygen (from 24.0
o

C to 26. SoC for nymphs in ecdysis and 

from 2S.6oC to 29.4
o

C for nymphs not in ecdysis, depending on cur­

rent speed), lower in6 mg/l dissolved oxygen (from 20.9
0

C to 25.SoC 

for nymphs in ecdysis and from 27. 2°C to 2S. SoC for nymphs not in 

ecdysis, depending on current speed) and lower still in 4 mg/l dissol-

, 0, ° ' 
ved oxygen (from less than 17 C to 24. 5C for nymphs in ecdysis. de-

pending on current speed) • 

S. Baetis nymphs in ecdysis were invariably less, tolerant of either low 

dissolved oxygen concentrations (s'ee 3. and 4., above) or high tempe-
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ratures (see 6. and 7. above) than were nymphs not in ecdysis. Choro-
, 

terpesriymphs in ecdysIs were not less tolerant than those not in ecdysis. 

9. Summer Baetis nymphs tolerated combinations of low dissolved o~gen 

and high temperature in which winter nymphs all died. It is sugges-

ted that differences in o~gen-tefuperature tolerance' between summer 

and winter nymphs 'resultedfromacclimati,zation to the temperature 

regimes of the streams in which they had been living. 
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. ." . . . ~ 

BEHAVIOUR OF METIS HARRISON! AND CHOROTERPES BUGANDENSIS 
NYMPHS UNDER DIFFERENT CONDITIONS OF LIGHT, TEMPERATURE, 

DISSOLVED OXYGEN AND WATER FLOW 

lNTRODUCTION 

In previous sections experiments are described .in which the water 

current speed, temperature and low dissolved oxygen tolerances of nymphs of 

Baetis harrisoni and Choroterpes bugandensis were investigated. In the course 

of these investigations a nl,l.mber of quite casual obseI'Vations were made of be-

haviour of these nymphs u1 different situations. Some of these observations 

relating to the reactions of nymphs to different conditions of light, water cur-

rent speed and dissolved concentratioft are described here. The observa-

tions are also discussed in relation to what is now known of the environmental 

tolerances of the two specie~. 

Verrier (1945, 1954), has said that nymphs, ofdif£erent Ephemeroptera 

react variously and characteristically to light, ,water currents, temperatures 

and clissolved oxygen concentrations. She has described ways .in which these 

reactions are reflected in the distribution ~fdifferent species.' Ambiihl (1959) 
, . 

has discussed beh.aviJural adaptations of a number of Ephemeroptera and Trichop-

tera to life in flowing water. He has shown that these animals have available 

to them a wide range of flow conditions and are able each to find on and' among 

stones on the stream bed' the conditions they require. Aggregations of Epheme-

roptera and other animals o~ particular stones in a stream often appear to be 

the result of their reactions to flow conditions. Simuliidae in' particular tend 

to aggregate to a marked degree, because they apparently require particular 
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flow conditions for the collection of food from the flowing water (Phillipson 

1958). 

,~ughes (1966a, b) has studied in some detail the reactions to light of 

nymphs of Baetis harrisoni and Neurocaenis discolor. He concludes that 

light is a factor of some importance in/determining their distribution in 

stream beds. 

Some freshwater invertebrates have been found to be able to detect 

and to avoid water low in dissolved oxygen. Phillipson (1956) found Simu-

li urn larvae in water containing less oxygen than 25 per cent of saturation 

to detect and to move .into aerated water. Costa (1967) has shown that 

Gammarus are able to detect low concentrations of oxygen in water and 

and -€liso to move into aerated water. Moore and Burn (1968) found they 

could only explain the survival of invertebrates in a deoxygenated pond if 

it was assumed that these animals had been able to seek out pockets of less 

deoxygenated water. 

MA TERIAL AND APPARATUS 

Baetis harrisoni and Choroterpes ougandensis ~nymph~ ,respect:(vely, 

were collected and observed in the Braamfontein Spruit near Johannesburg 

and the Pienaars River near Pretoria. Several of the laboratory observa-

tions of behaviour of these nymphs were carried out in a perspex tube about 

40 cm long with an internal diameter of about 6 cm. This apparatus is 

illustrated in figure 48. Water could be recirculated th.rough the perspex 

tube via a plastic open channel connected to each end of the perspex tube 

by means of a plastic vertical pipe. A slow flow of water through the 




































































































































































































































































































































































































































































