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Figure 16

1000-minute median upper lethal temperatures for summer Baetis

harrisoni‘nymphs not attempting ecdysis during expc.)su‘re to high
éempéramré, éfter acclimation in the laboratoxyA at 100(3, 1500
and 2060 for differeﬁt times. 95% con’fidénce 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 bugandensis nymphs after acclimation in the laboratory at 1OOC,

1500 and ZOOC for different times. 95% confidence limits are shown
about each median v_alue., Lethal temperatures for winter nymphs

shown by broken lines.
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FIELD OBSERVATIONS

| Highest water temperatures in Transvaal rivérs occur most frequentklyff
during early summer before the first rains (Chutter 1967).,  Stream flows
at this time are generally lowest. On one ’occasion in Qctpber, during a
particularly hof dry spell, temperatures in some of the smaller stagnant !
pools of the Prienaars River near Pretoria were found to rise during the

day to levels between 31.600 and 32.500. Numbers of Choroterpes bugan-

densis nymphs were found in these pools, apparently unaffected by the »high;
vtemperatures.‘ These nymphs were collected and brought back to the labqé'a*
tory. ,»V,Avater‘ being held overnight at 32.500 they wei‘e exposed to a number
of temperatﬁre’s"in- the lethal range as was described earlier. The median,
lethal “temperature estimated on this occasion is in fact. that shownvin tébl‘eﬁi 29,
On another day during the same month a temperature of 28.200 was

recorded in the Braamfontein Spruit near Johannesburg. Numbei's of nymphs

of Baetis harrisoni were present, This temperature was well above the ms-
dian lethal tgemperature found earlier for winter nymphs. Quite large num-
bers of nymphskwere to be found in the stream. Many were seen spontan
neously to release their hold on the substratum and to drift short dlstances
downstream, their bodies arched backwards slightly and their Iegs outstretched
Those that landed in a stagnant corner swam back into the flowing water with
threebor four jerking body movements; No nymphs ivére found'dead, but ‘a'
large number were obviously behaving abnormally.

In a stagnant pool cut off from the main stream, the temperature ‘oz‘n

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

4
i
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station on this occa.s”.ion werebrought back to the labora‘tory and held there
- at 25°C for _24 hours. - They were then éxposed to lethal ‘-ternperature.s and
their ﬁledian upper lethal temperature .vestimated. ‘_ These are the figures
| _ giyen'earlier-in tables 27 and 28. It seemé'clear from these_observatiens
that temperatures Wéré ;reaehed in thé Braarhfonteirl Sp-ruit”er‘l.v this occasien

whlch were only very shghtly below those WhJ.Ch would have k111ed off the

Baetls harrlsom nymphs. Th1s was ‘a rather rare occas1on assomated w1th
warm weather and very low water flow. ‘Efforts’ w_ereﬂniade : duringf the same
period to find other streams within reach of 'Pretqria in whlch51m11ar and

‘ perhaps even higher temperamres prevaﬂed;‘ ‘."I"he,' hiéhesf'__ temperature mea-

sured during this period in any other stream in which Baetis harrisoni were

found was"26.80C. However, ter_‘ni)eratures vhiégh'er _than'B'(;).OC were measured

in several slow-flowing streams Wher_e _Baeti'sAharr'iseni nymphs eoul‘d not be

found,

SUMMARY
1. Surnmer‘n.yrn_ph_s of both species were more toleran.t.of‘ high terﬁpera_
tures than were winter ‘nymphs. Median upper letilal. temperatures for -
_Béetﬁnymphs' ranged from 27°C to 29.3°C in ecdysis and fror_n 30.2°C
.to 3i.'ZOC out of ecdysis‘ in summer, from 25.490‘ to“2V5.8'OC in ecdysis
~and from 28.606 to 28.9°C out of ecdysis mw1nter ‘Those for
Ch(’)roterpes. nymphs ranged from _35.9OC 'vto 36.290 in. su“mmerand
from 35.6°C to 35.8°C in winter. |
2.  Median upper lethal temperatures determmed usmg nymphs cellected
| durmd a heat wave (29. 3° C'in ecdy51s and 31 7 C out of ecdyS1s for

»Baetis, 36..2»C'for Choroterpes) are ass’ur’ned to'_approx_imate the
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ultimate upper lethal limits for these species.

| Uppér lethal temperatures for winter Baetis nymphs rose about 1O'C

and those of Choroterpes rose about 0.3°C when they were held in

the laboratory at higher temperatures than those at which théy had

been living in the field.

Uppér lethal temperatures of summer Baetis nymphs fell about 0. 4° c
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.

Very high water %emperatures (up to 32.500) were observed in the

Pienaars River during a period of hot dry weather. These high
téfnpefature‘s had no apparent affect on the Choroterpes nymphs,

They were considerably higher than the lethal temperature for Baetis.

nymphs.

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

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

29.600). Thes_g temperatures would have kil”led-'lwinter‘ 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

af other times. Nymphs of Chofoterpes bugandensis, on the: other hand,
éppeaféd to be'equaliy tolerant at all times. " Last instar nymphs were
not -included in. this earlier study, but for both species larger nymphs were
"invariably found té'.be less tolerant than were smaller nymphs. : -Sinc_é Ide
(1935) found some Ephemeroptera could not be bred_out-af higher tempera-
tures and sinée'both Macan (1960) and Pleskot (1962) have ‘de'sc'ribed mayfly
nymphs to be least tolerant of high temperatures during their last instar and
: finalv'mloult, observations were made here of mortality ahd survival- of last

instar Baetis harrisoni and Choroterpes bugandensis Vnymphs- at high temperatures.

Béth Lyman (1944) and Macan (1963) have po.inted out that most
EphemérOptera'undergo their final nymphal moult.and‘v- emergeb as flying
subimagines at night. They point out that this ‘miglhit .bx.'o‘tect at least
| certain Speciés from exposure of their last instar nymf)hs to maximal diur-

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

genbe is stopped by heat. She does not suggest how this oécurs, but it

is knbwn that heat can delay ecdysis inlcertai_n insects (Okasha 1968).

PATTERNS OF EMERGENCE

Tj;zfnnelahd (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 faiﬂy shortly after sunrise the next morning, This pattern of emergence

was also shown by Choroterpes bugandensis both in the Pienaars River and in

the laboratory during the present study.-

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

{1947 )' reported that emergencé of this species tooic place during the day.
Dui"ing ‘thev present study both in the Braamfontein Spruit and in the 1abora-“
tory, subimagines were observed to emerge during early and mid-morning.
On one occasion, emergence was even observed during the Vafternoon. Most,

however, emerged during the early morning.

{
i
i

MATERIAL AND METHODS V | ' i

Last instar nymphs of Baetis harrisoni and Choroterpes (Euthraulus);

bugandensis were collected and transported to the laboratofy in the same way
that other nymphs were brought in for experimamaton. These n_yxﬁphs were ex-
posed to high temperatures in ‘shalloiv trays made out of nylon gauze and szié-
pended in tanks which were held at ¢onstant temperature, A slow flow of
water was supplied into each tray from the outlet pipe of the therjmostau '

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

i

tory conditions for the maintenance of these nymphs appeared to be provide{i
in these trays. If left there long enough they emerged, usually without
difficulty.

Relatiifély fewer last instar nymphs of Baetis harrisoni were found to

die at normal temperatures than Wére smaller nymphs. Possibly the Iast:
instar nymphs were easier to handle because of their size. As before,k the

median lethal temperature calculations were compensated and balanced for
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"natural' mortality observed at normal temperatures ‘(Fin‘ney 19523,

LAST INSTAR NYMPHS IN CLOSED TUBES

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

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

vthe' tube.  All the Baetis harrisoni that died did so after the onset of kecdysis.
Nymphs starting ecdysis bec‘ame quiescént and stayed motionless for very

long periods of time.  These nyrhphs all had‘ black wing buds. The Baetis
that died during the experiment showed the same \signs of ecdysis descrikbed
~earlier for younger nymphs dying at high temperat:ures; . They had loose
outer skins and this outer skin had ofteq sﬁlit. The Choroterpes last instar
Anyrrnphs aiso died in the tubes but did not show these symptoms. Most of
those that died did so before the nymphal skin had éplit befWeen th,e‘wing

buds.

MORTALITY IN OPEN TRAYS

The experimehts in which Baetis harriséni and Choroterpy‘es bugandensis’
final instar nymphs were exposed to lethal temperatures inbope’n‘ frays were
carri‘ed out over a 100'0 ﬂlinute per'iodv of time, dufihg which ’all :the ny‘mphs
-either emerged or died. Food was pr_qvided but the aniinals were not ob-
served to‘ feed. The lethal terﬂperat:ures calculated from  observations made
in these experi'ment;s'are sumﬁlarized in table 30.

| These experiments were carried out iﬁ August at a time when stream

temperatures fluctuated fairly widely between‘lﬁloc and 1800. The median

upper lethal temperatures for final instar Baetis harrisoni and Choroterpes

bugandensis nymphs shown in table 30 were 10wef;r. than were those of



-124-

smaller nymphs tested durihg the same morith (tables‘ 21 and 23 of the
previous éecjion). This differ{ence was about 200 for Choroterpes and was ,
significant. . For Baetis the difference was only O.éoc and was not Statisti-
cally significant, especially since the tests were carried out ozivdifferent:

days of this month.

TABLE 30

'1000-MINUTE MEDIAN UPPER LETHAL TEMPERATURES FOR FINAL
INSTAR BAETIS HARRISONI AND CHOROTERPES BUGANDENSIS NYMPHS

Number Test Lethal temperature (OC), 95%2‘
Mayfly of tempéaramres confidence limits in
nymphs ( C) brackets ,‘
Baelis 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 whiéh last instar ﬁymphs weré
exposed fo lethal temperatures, parallel groups selecﬁed at random for each
species were held at 20°C,  Times to emergence both-of these nymphs andf'
of the nymphs ‘at high texﬁperatures' were observed. Relative‘numb‘ers of

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

rent times at 20°C and at lethal temperatures, as well as the relative num-

-
bers of Choroterpes bugandensis emerging on each of the three successive
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nights at different temperatures, are shown in table 31. None of these
o‘bservationsappear‘to suggest that ecdysis of either specieé»might be de-

layed or stopped at'very high temperature.

TABLE 31.

- EMERGENCE OF BAETIS HARRISONI AND CHOROTERPES BUGAN-
DEN&S]N’THE,LABORATORYZATJXFFERENT TEMPERATURES

i

o - 5 Daily emergence (per cent of total)
. Mayfly J|Temperature -{ C) e -
’ ‘ first day -second day. -third day
Baetis 20.0 ‘ B 29 0
24.5 82 18 0
- .25.0 91 9 0
25,5 18 22 : 0
26.0 80 20 0
Choroterpes 20.0 ’ - 82 .26 112
33.0 - 59 30 ‘11
33.5 70 16 14
34.0 62 35 3
34.5 61 21 18

SUMMARY

of last instar Choroterpes nymphs were

~

A1.. ~ Upper lethal ten_;peratures
about 2°c léwer than those pf smaller nymphs ’at the same time of -
year. ‘ C’pber lethal témperatufés of Ié‘st instar Baetis vnyniphs we‘re‘

- not sighiﬁcantly‘ lower than those of s.r‘nall,er: nymphé. :
‘2.. Ecdysis and émérgence did vnot appear f,o Be delayed”in eifher spkec’ies -

at increased temperature.
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EFFECTS OF LOW TEMPERATURES ON NYMPHS OF BAETIS |
" .- HARRISONI AND CHOROTERPES BUGANDENSIS

 INTRODUCTION

Low temperatures have been widely considered importantﬁm limiting ,
the range of freshwater'an’imals, Jubb (1962), quriztonl (1962“) émd HarriSon;
(1965a) ‘pelieve the southerly. diStrlibutionv of certain fi»sh, frogs and riverine
invertebrates which also occur m ti‘opicél Africa to be limited inSoﬁth ‘
Africaﬂby low winter temperatures. ~ Widespread mortalities of Tilapia |
mossa;mbica,« ana sﬁmetimes of’ Of;her fish as well, occur quite commonly
- during cold spells in parts of Soutﬁ Africa V(Jubb 1962, Ernst 1965).

Observations are reported here of chill coma and mortality at low i

temperatures of nymphs of two common South African mayflies, 'Baetis harri—,

soni and Choroterpes bugandensis. ~ This investigation wés not prompted by'

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

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

speciés, Baetis harrisoni, might occasionally be exposed to lethal ‘high tem-;
peratures, Observations of the’ effects of iow temperatures on ,thes‘e Spéci?s
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 coma-
tose at water temperatures greater than OOC, ‘especia’lly if ,théy have beén
living at fairly high temperaﬁzr‘gs (Mellanby 1958). A number .o.f different g

poikilothermal animals are subject to chill coma at low temperatm-és.

Symptoms in insects (for instance Payne 1926) and fish (for instance Doudoroff
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194.,-2, 1945) v:»x;:é"s.i.mi.lzlr and appear to indicate £hat it is the central nervous
' System which is primaﬂy affected (Strogano‘v 1962). Animals in chill coma
'los‘e equilibi{iu_m comprlétveyly,v lie motiqnlesvsvvandvaftérv a while holonger re-
spond .ytg any stimﬁii. | | |

:‘ ,Iﬁ'ﬁsh, Doudoroff ‘and' others have diétinguished two forms of chill
coma,. Pi‘imalry c»lrn'll‘ é‘oma ocCurs‘ sobh'aftei‘ transfer to low tempei‘ature.
. Sbme‘df' thé fis‘h sue(‘:um‘bing tbprimaiy edmabf‘ecov‘ez“ "afteri a \vhiie‘at the
s&nﬁe kf;emperature. 'Secondazy coma occﬁrs ‘mﬁch‘la,ter énd ffish‘ sucqqmbin_g
to itvd'o‘notv‘ recover ‘unless transferred to w‘amn‘eji' 'mter;". »Pvitkow (1960)
found that f’ecovery ‘from .primary chill comé'waé facﬂitatéd by :aising 'thg
‘ dissoived 0X§gen’ 'conféht. ofthe‘ water. «'He reasonéd that this‘ O‘Vércame the “
o shortage of bxygen supply ‘to‘ the brain caused by cessaticn of | opercular move-
-~ ments. Increased oxygen did not m:ake these fish either ‘lessA suéceptible to
‘secondary coma "ro‘r less liable to die while in sécdndary ééma.. :

The causes ‘qf cold death of poikilothermic animals are obécure :

(Payne 1‘92'7‘)‘. ' Déath of animals in Secoﬂdary coma apparently depends on
the fime Aspent in chill coma (Sfrog:anov 1962). Referring to ihsect;s, parti-
cularly terrestrial (r:svnes,‘v Bursell (1964) has sug geste& ,'rthat,bcoldv death might
‘ fesult rfr‘om‘ some metabolic upset. Doudorqff f‘ound“ tha;; the marine fish‘
~he Worked on wér.e r;iore resistant to"seco.ndary chill coma whén tihéy were
in..;isofonic ‘mixéhailine' water, Wikgrén (1953) found 'fish to lose salts at
’1o§v t«_empye’rat@res.‘ ;Houston (1962) and Ex;nstv (1965) ha?e both found fresh-
j {&atérﬁsh to gain water and bec'omre bl;)ated at low iemperatures. ' This
précess started :be,onre their fi'shv éntéred seconda‘ryv chillvcy‘b‘ma ’and"‘continﬁed.

even after death. Dilution of the blood seemed 2 likely cause of death
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in these fish. It also seems likely, as Eliassen et al (1960) have pointed.
. ] i
- out, that osmoregulatory failure in fish at low temperatures might result ,

from metabolic depression caused by the cold.

Nymphs of Baetis harrisoni and _Cho‘roterp'es bugandensis weré exposed
to 1§w temperatures in waters of different salt content in the present study(:
in order to see to what extent osmoregulatory effects might affect .their cozld
tolerances.

Cold tolerances of. different animals have been‘ found to be altered by'
acclimation to very different extents. Some insects held in the labofatory _
at relatively cooler temperatures have .been found to become much less sus:‘-
ceptible to chill coma (Mellanby 1958, Colhoun 1960) and to survive colder?
temperatureé_(Mellanb’y- 1960). Other insects and invertebrates, on the
other hand, have not been fqund to be affected by laboratory holding tempe%

: S
ratures (Payne 1926, Sch_&)lander et al 1953), Brown (1929) found Clado(:e?ra
collected at different timés of the year to differ greatly in their temperatufe
tolerances but found nd evidence of acclimation of these animals iﬁ the labo-
ratory. Rates of acclimation to decreased temperature have also been fou1j1d
to differ greatly. Doudoroff (1942) found that it took at least 20 days for ;
a fish to become fully acclimated to a decrease in tempefawre, | while |
Mellanby (1939) found an insect to require only 1 to 3 days for full acclimé}-

i

tion to take placé.

' Acclim'ation 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 water,

{
. f
respectively, to increase and to decrease. After a while they then both }
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'retuméd to the\same,intermediaieﬁ \Ifalue; Presumably for this reason,
Dehnel and VSqegalA (1956) fou‘nd‘ the metabolic pates at low temperamres of
cold—a‘,cciizﬁated’inéecis to exceed those of warm-acdimated‘ énes.

) Rap— (1962:)_’ hg_sv shown that several different pfocesses take place
d‘uﬁng‘ éold»/a'ccAli‘mialfivdn, - Some éf_ th'ese‘ changes involve the nervous sys-
tem (Prosser 1966) vand‘ changes in metabolié rafe app_ea,r to bé associated |
w1th a n}imbei" df different biochemical changes (Sevrfaty and ‘L'affont 1965,

‘Rao 1966a, b).

'MATERIAL AND METHODS

, Nymphs of Baetis harrisoni and Choroterpes bugandénsis were collec-

ted and bfougil"t in to the 1abofa£0ry as has béen described élééwhere. Ran..
d(nﬁ éroﬁp’s’v of ﬁymphs were held in the laboratory for 24 hdurs at selected

‘ t'empefaturévs : and were then transferred to experimental tubes and exposed
éS‘d‘és-cribed.' in thé relevant "sveCticSns 5elow to selected low temperatures

in thé lethal range. The 'Same ;apparams was used in these experiments

as waé deséribed fof bbserving' the effects of fast water flow on n;rmpm'.,
In all of thé'tests described here a water current speed of 10 cm/sec was

" maintained th‘r«oug’hkthe e:qdérimental tubes. ~Experimental tubes of 1.6 cm
internal diameter were used throughout, The wéter flow at this speed

through‘thesé mbes'.\&ras therefore laminar (Re = 1600),

BEHAVIOUR AT LOW TEMPERATURES
. In oi‘;e_series of expefimentsrcarried’ out both in summer and in
winter, numbers of. nymphs were held in the laboratory for 24 hours at 20°C

and at 10°C. These were temperatures. which were of the same order as
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those in which they had been living in the field on these two occasions. In
each case, random groups of these xiymphs wyer.e placed in expefiinental tubes,
still either at 2000 or at 100C. Each tube was thén transferred directly to
one of a series of experimental tanks at a pre-set fow temperature in the
lethal range and immediately coupled to therimpeller which fhen ‘dfove a cu:r;-’
rent of water through the ﬁlbés.

. When exposed to low temperatures in this way, the hymphs either became
quiescent or entered a state of chill coma similar to thatdescribed by Colhoun
(1960).  In this latter state they lost equilibrium, released their fhgld on the
substratum and drifted with the current. During the succeeding ﬁhree houi:s
or so, many of the;se comatose nymphs were obsérved to. rec.over, to re-esta-
blish their hold on the substratum and fo remain in a quiesceht state until i:he
end of the experiment. None of the individuals which recovered were observed
again to enter coma. Some comatose nymphs transferred to water aﬁ 15°C or
2000 instax;tly recovered., chers did noi 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 Summey
and in winter, nymphs in ’meir'experimental tubes were again transferred to
the experimental taﬁks at the same temperature as that at which they had
been held. The temperature in each expérimental tank was .then' Iowered‘
over six hours to a pre-selected test temperature. These animals reacted
to low temperature inumuch the same wayk as had thdsekdirectly ti'ansferred.

fo cold water, Their reaActions‘ are shown in figures 2V2 and 23 for Baetis
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harrisoni aﬁd figurés 247 and 25 for ;Chorote‘rpes 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 wétef than after gradual décr‘ease in temperatufe. - The shéck
of direct Vtransfe'r évidently caused a greater number of nymphs to enter coma.
Frorﬂ four hours ‘after the beginning of exposure to ioxv temperature, on the
‘other hand, similar nu‘mbérs of nymphs directly transferred énd subjected to

gradual temperature decrease were found to be comatose.

CHILL COMA TEMPERATURES

From the numbers of nym'phsv recorded in figures 18 to 25 to havé
‘peen comatose after differept exposufe timés,_ medién effective temperatures
‘were estirﬁéigéd b}‘r pr‘(A)bit.Aanalysi.s (aney 1952); | Thése wefe» the tempera-
turés'abt ‘whiCh 50 pér (;eritof‘ny’mp’hs would héve been ekpecfed 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

Chordterpes'bugandensis are shown in figure 27.

Baetis harrisoni hymphs are revealed in thses results to have heen

more tolerant of low temperatures throughout than were Choroterpes bugén-

densis nyniphs. Winter nyr‘riphs; of both spécies were significantly more
tolerant t'han were sﬁmmer nymphs.  Almost no shock effect was evident
in the case of wintéi' 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

r‘NuiﬁberS of summer Baétis harrisoni 'nymphs comatose (/éxpi‘e‘ssed‘ i
per cent) at iﬁtervals of time after direct transf‘er“ to '_low‘f tétnpe-

rature. Stars represent superimpbsed points,
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Figure 19

Numbers _of winter Baetis harrisoni nymphs comatose (expressed .
per. cent) at inter'vais- of time after direct _tfansfef" to ldw' tem-

- perature.’
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TFigure 20

Numbers of summer ‘Cho;réterpe's ‘bugandensis nymphs comatose -
(expressed per scent)‘ at intervals of time’ after direct trzinsf‘erf

to low 'tempera*mffe.f
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’Figure‘ 21

‘Numbers of winter Choroterpes‘ bugahdensis 'nymphsf 'éomatdéé:
‘ A' (expressed per cent) at intervals of time ‘afte.rvldirevc'-t" transfer

‘to low temperature.
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Figure 22

Numbers of summer Baetis harrisoni nymphs comatose (éxpressed
per cent) at intervals of time after drop in temperature over six

hours. Stars represent superimposed points.
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Figu‘reA 23

" Numbers of ‘winter Baetis"lffiarrisoni nymphs cométosé (,expresvsed
- per cent) vat"intér‘?\"r,‘als of tﬁhe:'aftéf drop in temper_a‘ture‘_ovéi_' six.

hours.
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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 25
- Nutbers’ of winter Choroterpes ‘bugandensis. nysiphs comatose = =

H(ex;ifresséd’pgr cent) at ,i«intévaals;; ;;f time after drop in ;empéfamffe

S

over six hours,

R

woagen ®
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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 friangles
open circles
closed triangles

closed circles

- summer nymphs transferred directly

to low temperature

summer nymphs, temperature decreased

over six hours

winter nymphs transferred direétly to
low temperature _

-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

summer nymphs, temperature decreased

open circles
‘ . over six hours

winter nymphs transferred directly to
low temperature

“closed triangles

closed circles

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

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

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

A laboratory at 2000 for 24 hours. Groups of these nymphs were then trans. -
‘ferred in expei'imental tubes directly into fbur‘ tesﬁ temvperature‘s.v At iﬁte‘r-
vals of time thereafter groups were removed from ‘the experimentéi tanks.
Numbers of nymphs in these‘ groups found to be comatose and numb‘ers re-
covering when transferred to water at 20°C were notéd.‘ The mor‘tali‘ty oh-
s,erved in these experiments of w]_'j::a_ggi_s_vand of Choroterpes nymphs are sho‘wn,}
fespectively, in figures 28 and 29,

It was found in these experiments that some nymphs 6f eachrspétcies
died quite early on in the 'expefiment. Others survived fér a rfelatively’
long piériod in a comatose state before dying. The proportion of arﬁﬁals
found deaci increased with time of exposure and all of the’nymphs stﬂl in
coma after four hours would appareﬁtly have died eventually if left at the
test temperature. A distinction might therefore be dfawn between the |
comatosg state from which nymphs were observed to recover at the same
temperature, perhaps resulting from shock at sudden exposure to low tem- >'
perature, and the similar étate 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 first four hours of exposure. The second could also appa_rently
occur within a relatively few minutes, but continued until death.

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

coma state occurring relatively soon after exposure,from which ndividuals might
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or might not vreco‘ver‘ at the same temperature, and a 's'e‘condaxy; coma only
occurring much .later. The two kindé of coiﬁ;. ft')zlmci‘hévre‘might. Superhn
cially be comparéd to the primary and secondary chill coma of fish. vHowever,
in fish fhese 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 nymi;hs 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 bugéhdensis, nymphs of different sizes were held in the
laboratory for 24 héurs at 20°C ‘and then tfansferréd in experirﬁeﬁta.l tubes
giirebtly into 'watel_v?: at four different test temperétures. Numbers in ‘coma
vwei‘e noted at intervals of time thereafter. | At the end éf the expérinien.t
the length of eachbindi‘vidual, 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 Vthe cﬁfferent size groups did not differ greaﬁiy in‘their
suscéptibilities tq chill coma, but that the larger nymphs (body length 5.0
to 6.5 mm for M and 4.5 to 6.0 mm for Chofoterpés,, as were used"
in all other éxpefiments) were less susceptible to chill coma than were the

smaller nymphs,
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Figure 28

Numbers of Baetis harrisoni nymphs dead (expressed per cent of

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

temperaturés:
circles - 4. 5°C
- o
triangles - 5.5 C
. 0
squares - 6.5C.

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 .foliowing

" temperatures:
‘ 0
circles - 92.0C
S o o
triangles - 6.0 C
- o
squares - 7.0 C,

Stars represent superimposed points.
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Figure 30

Numbers of summer Baetis ha
comatose (expressed'p‘er cent)
rature. Sizes as follows:

closed trianglés, circles
and squares

shaded triangles, circles
- and squares '

" open triangles, circles, -’

and squares
Temperature”‘-" aé foiiows:
tr_iar_lgles. (point up )
: triangles (point downs
circles | |
sqﬁareé

-Stars represent superimposed

rrisoni nymphs of divf’ferent sizes

after different times at low tempe-

- body length 2.0 to 3.4 mm '
- body ‘length 3.5 to 4.9 'mm.

- body length 5.0 to 6.5 mm,

- 5.5°C
~ 6.0%
_ 6.5%
_ 1.0%.

points.
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| Figure 31

Numbers of summ'er: Chorotei'pes bugandensis nymphs of diffei‘ent

sizes comatose (expreSSed per cent) after different times at low
temperatures. Sizes as follows:

closed triangles, circles ~ -
and squares - body length 1.6 to 2.9 mm

shaded trianglfes; circles :
and squares : - body length 3.0 to 4.4 mm

open triangles, circles o o
and squares - body length 4.5 to 6.0 mm,

. Temperatures as follows:

triangles (point up) - 6.OOC
triangles (point down) -  6.5°C
circles o - 7.0°C
o}
squares _ - 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 sﬁscepi;ible to éilill coma than were winter nymphs.
 Experiments were therefore qaﬁrrigc_:{ Qutbto see to what extent nymphs gaine d‘
or Iést cold> tolerance when. held in, the labora-téry at differéﬁt ,tgemperatures..

Separate experiments were once again carried out using Baetis ‘harrisoni and

Choroterpes bugandensis nymphs . '

For:'each specie;; s’uxﬁmeﬁ nymphs were collécted and vheld in the
llaborgbory‘vfor 24 hours at 2066‘ : Thereafter, thé popuiation was divided at
random into f&ur groupsrv,‘, ox_ie d.fj each of whiéh was then ‘tfansfen"edv-k‘to trays
of ﬁ;;atef in which temperatures ‘were maintained at 10°c, 15 OC, 2000 aﬁd 25°C.
Random subgrdups of each ‘wexi‘e* removed | from each of these after one, ,f;wo,
three. and four days and ktranéffer‘red in i:éxperimental tubés to four test rtem—g.
peratures in the low letlaal:raﬁge. Numbers in coma and number.si not reco-
vering in water at 20°C wéi*e then notéd at the end of 100'0‘ minutés' exposure
for each subgroup.

Median effective chill coma tempgratu-fes for 1000 'min“utés'k équsure
were calculated by.‘probit analysis from these results for eéch_ acclimation

temperature and time. The effects of eicélimation on chill‘coma temperatu-

"~ re are shown in figure 32 for Baetis harrisoni and in figure 33 for Choroter-

pes bugandensis.

Theéé results show that acclimation to low ter’nperai:ure’ lvjy?‘suriimer
nymphs of both Baetis and Choroterpes took place when.these animals were

held in the laboratory at 10°C and 15°C.  Nymphs held at these tempera-
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tures progressively gained‘ in cold tolérance; ‘The median chill Vcoma téfn-
peratures of Baetis nymphs held at 20°C and of Chofoterpes nymphs held
either at ZOO-C or at 2500, on the other hand, did ‘not; alter significantly.
Tile chill coma temperatures of nymphs held at 1000, and at"lso.C did not -
differ signifi‘cbantly from one another.  Baetis nymphs heid for a day atx
25°C were found t’o‘ have lost éold tolerance (not shown in the figure),
possib}y because 2500 was clése to the lethal temperature for this species
and had a deléterious effect on thesé nyrlnths.v

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

R

c;;ma rftebmbéeratufésr fér winter Baetisv and Choroterpés‘ nymphs, estimated
respec‘tvively from figures 19 and 23, have been sh‘own‘ in figures 32 and
33 as broken lines. Summer Baetis acclimated at 10'OCA for four days
were still found to be s‘ignificantl& less toleran'tv of low temperature than
the wmter nymphs had been. - I't‘ ééems possiblé that winter M nyniphs
might differ from suﬁmer n&n;phsv bybmore ’thz'm merely a shorf-tem physio- -
 logical adjustment to environmental temperature. The chill coma tempera;—
ture of six;nmer Choroterpes acclimated in the laboratory at 1000 for four
days, on the other hana, did not différ very greatly from that of winter
nymphs. Acclimation appears to be sufficient to account foi'« the obser;red
difference ‘m‘cold tolerance of winter and summer nymphs,'of this species,
The ra‘te of géin in cold tolerance of Choroterpes ‘with écclimatiqn at 100C
and 1500, however, was rather lower than that of Baetis.

A similar pair of expériments 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

Baetis

1000-minute median chill coma temperatures for summer

harrisoni nymphs held in the laboratory at the following temperatures:

circles -  20°C
0

squares - 15 C
. o

triangles - 10 C

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

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:

, | o]
diamonds - 25C
circles - 2OOC

' 0
squares - 15 C

. ' (o]

‘ triangles - 10°C.

95% confidence limits showh 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 weré
collected aﬁd held for 24 hours at 1000, a temperature a little beléw actual
stream temperatures at the time of collection. | ‘Thérea_fter, groups were
transferred to water maintained at 100,0, '17500, 2900 and, in ’the’ éase of :
Choroterpes only, '2500. | They were held héi‘e for one;' ftwo, th‘i'ee and
four days before being transferred directly to low temperatufes in the lethal
" range. As before, numbers of nymphs comatose after 1000 r.ni.nutes" expo-
sure were counted and median chill cdnia temperatures estirﬁated frgm thése
observations.

The resvﬁlts of these expefiment;s .are illustrated in ﬁguireVs‘ 34 and
35. ~As may‘ be seen, the median, chill éoma temperaturesi of vnymphs\ held |
at diffefentvtemperamres did not differ vexyr greatly. | Very few §f tﬁe -
values obtained could be demonstrated to diffef Sigmficahtly from one a.notﬁher,‘
However, a ra;hk correlat;,ion test (Kendall 1955) confirm,ed‘ vth;e‘ éigrﬁficéncé of
the observation thatAﬁle chill coma temperatures of nymphs held {iri the iabé-
ratory at 10°C and _1‘50C‘wer'e consistently lower that those of nyﬁiphs ,Oheld
at higher temperafurés (Pp< 0.01 fof w p < 0.001 for Chorotérpes).
From this it seems that the chill coma temvperaturespf‘ winteirﬁymphs were
increased as a result of the t;me they spent at 2OOC‘and 2500., but that vtl/l'e
changes in chill coma temperature that occurred were smvallA,' of "the -ordér
of 0.2°C for Baetis gnd 0,4°C for Chorotérpes. ' None‘of thé ‘wh.ltAer nymphs'
held here at summer temperatures was found to be és 'intolerant’ of low(
temperaturgs as had summef nymphs pre‘viously been found’td be. To
illustrate this point, the median chill coma temperatures for summer nymphs

held at 20°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 ééma of tﬁe
freshwater fish he studied was caused or at least aggravated by oxygen léc}s:. *
Doudoréff (1942, 1945) and Efnst (1965), on the othef hand, found that secon-
dary chill coma in the rﬁarine and éuryhaliﬁe fish they studied was mﬂuencéd
by the salinity of the water.  This 'sort’of information can be of great impor-
tance in providing clues as to the rheéhanisfns46f lethal effects of low tempe-
rature on 'thefaﬁimétls concerned. 2 Separate experiments were cafried out

for Baetis harrisoni and foi* Choroterpes bugandensis in order to compare the.

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

1000-minute chill coma temperamres"vfor‘ summer Baetis harrisoni

-nymphs held in- the ~Iaboré;toiy“'at' zéOC fdxj';24 ‘hours 'and then 'exposéd‘to
different Iow:te’mpe'ratufes in ‘thé lethal range in water with dissolved oxygeﬁ.
- contents of v4 'mg/1 and about 10 mg/l, and iﬁ “water containing 31 mg/1 and
500 mg/l total dissolved solids are shown in tabie 31. Eqﬁivalent data for

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

 temperatures e_sti‘mate'd at thé two levels of dissolved oxygen and at the two

salinities were not Significantly different from one another.

FIELD OBSERVATIONS

Low v&atef temperatures may be expected in Trans{raal streams' either
during winter cold ksvpe‘lls‘ or after hailstorms. The lowest temperatgre reéor-
ded during this stildy in the Braamfonteih Spruit was 6.500 on one occésion

o , 0y
in winter. In the Pienaars River a temperature of 7.5 C was recorded on one
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Fig@re .'_3_4A ’
1OQOgminute medlan ch111 cdma témﬁe;c'éb,;res .»fél?. wmter E&_‘P_ELS :
) - ratures: | | N - o

circles - 20°C

.squares - ‘150(3' -
o o,

triangles - 10 C.
© 95% confidence limits are shown about each medxan valie.
The median chill coma _'temperamré' for ‘summer nymphs 1s ‘shown

}Iby";a. broken line.
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- Figure 35

%

1000-minute median géhﬂl coma temperatures for winter C:horoterpes

bugandensis nymphS' held in the laboratory at the following tempe-

ratures:

R o
diamonds - 25°C

. - 0
circles ~ - 20 C .

. T -0

squares - 15 C

- ‘o
triangles .- 10C.

95% confidence limits are shown about each median value.
The median chill coma temperature for summer nymphs is

shown by a brok;én line.
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TABLE 3'1

1000-MINUTE MEDLAN CHILL: COI\’IA TEMPERA’I‘URES FOR SUMML‘R BAETIS

HARRISONI NYMPHS - WATER CONTAINING 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 . SOLIDS

Dissolved' ‘| Dissolved - »Number Test - | Medlan effectwe chxll coma -
| oxygen | “solids’ | of - temperatures ‘temperature - e C), 95% I
(mg/l) | (mgAl) ~ |nymphs - oy . confidence 11m1ts in brackets B
+10. | 30 - | 160 : 5.0 5.6 (5.’2‘to‘6.0),~
6.0 ..
i 6.5
4 30 160 5.0 - 5.9 (5.4 to 6.4)
6.0
+10 | 30 | 180. 5.0 © 5.8 (5.4 to 6.2).
B - . 5.5 - o
6.0
6.5
+ 10 '500- 160 .- 5.0 5.6 (5.2 to 6.0)
) 5.5 S
6.0
6.5

'o'ccasvi‘eh,-' aisb ‘, in })\rtnter;‘ A}Thes“e' ear_tieu,lar. temperatures wouldnothave cags_e&
,mort_:it'tty of winter‘n.y'nrﬁhe of 1either, répeciee,«butccoul‘d _Vceuee}'rn.ortalttiesl, .:o‘f" |
summer nymphs }if they'pers‘isted fo‘r s'ome.'tinie, | Muc}rlloir.er temperemres

than .thes'e-~are thought to ,eeeur*froxrrtime to time'iﬁ these: ':strearns Aan:d‘ in o

other rivers in which these speczes live. Allanson (1961)has seen ice on the

bei '.,s
L ¥

Jukske1 Rwer in winter and Ohff ( 19603) has recorded temperatures below
freezing in the Tuge‘la system.' ' Both the Pienaars River and- the 'Bra’amfon-.-i '.

tein Spruit 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 CONTAINING 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 SOLIDS o

Dissolved [Dissolved | Number Test Median effectig_e chill coma
oxygen solids of temperatures | temperature ( C), 95% con-
(mg/1) (mg/1) | nymphs (OC)v | fidence limits in brackets

+ 10 30 160 6.0 6.7 (6.1 to 7.3)

- 6.5

7.0
7.5
4 30 160 6.0 6.6-(6.2 to 7.0)
6.5 o
7.0
1.5

+ 10 30 160 6.0 6.5 (6.2 to 6.8)

- » 6.5 5 .
7.0
b 7.5 ,

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

T 6.5 ‘
7.0
7.5

thé lethal range were not recorded. The lowest water temperatires measured

in the Pienaars River after a hailstorm was 13.1°C.  This was well above

the chill coma temperature for Choroterpes bugandensis and nymphs-in the’

river appeared to hdve suffered no ill effects.

On this occasion the tempe-

rature subsequently rose again’to 18°C within two hours. In all probability,

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

than a very few hours.




~176-

This information is a little inconclusive, but it does seem that tempe-

ratures in the lethal range might easily occur from time to time dgring excep-

tionally cold spells in wintef. It is not inconceivable that numbers pf' nymbhs

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

" The laborai:Cry results seein to indicate that expos'uré' to low temperatures of

a few'hours only, while »theyfmight cause nymphs to go into coma, would not

be lethal.
SUMMARY
1. Baetis and Choroterpes m cold watér either became quiescent or else

within minutes entered a state of chill coma in which they lost equjlibriﬁm,
drifted with the current and did not respond td physiéal stimuiatiém

Some of the nymphs fhat became com_afose at 10§v tefnperature feéovered

at the same temperature within about four ‘hou‘rs and did not become .
comatose again.  Other did not and did not re‘éover if kepﬁ aﬁ the same
temperature, | |

Some comatose ﬁymphs immediately recovered when transferred to warmer
wéter, even after prolonged periods in coma, The proportion of nymphs,’ :
recovering in warmer Water’ depended on the time they had been a‘t‘ low |
température rathér than the low temperature itself. Medlan vtimes to

death of nymphs in coma were of the ordér of 1700 minutes for~Baétis

“and 2500 minutes for Choroterpes at all temperatures tested.

Baetis nymphs were more tolerant of cold than were Choroterpes nymphs,
1000-minute median chill coma temperatures being 5.70-0 in summer and

3.4°C in winter, 6.5°C in summer and 5.5°C in winter for Choroterpes.
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Smaller 'ny'x_nphs of bQ-:th species were slightly more susceptible to chill

' coma than were Iargei'; hymphs. -

Neither dissolved oxygen concentration nor salinity materially affected
the 'abiliti;es of ny‘mphsv of either species'to. tolerate low temperatures,

Winter nymphs of both spyeci‘es were significantly more tolerant of cold

.than were summer nymphs (see 4 above).

Summer‘ nymphs became more tolerant of low temperatures when held

for one or more days at temperatures cooler than those in which they

had been living in the field, the median chill coma temperature of

.Baetis nymphs being reduced by 10(}', that of Choroterpes nymphs: being

reduced by 0.8°C.

Winter nymphs be»cameVslightly less tolerant of low temperatures wheén

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

they had been 1i‘v1hg in the field.  Changes in chill coma témper»amre‘
that were observed were of the order of O.ZOC for Baetis nymphs and

0.400 for Chox_'otemes. ,



MORTALITY AND SURVIVAL OF BAETIS HARRISONI AND CHOROTERPES
BUGANDENSIS NYMPHS AT LOW CONCENTRATIONS OF DISSOLVED OXYGEN

INTRODUCTION

It has longk been known that aquatic animals ,différ widely in tﬁei,r
abilitiesk to tolerate low concentrations of dissolvedﬂ oxygen,. and ﬂiat.léw -
oxygén éoncentrations,' usually associated with the decompositionk of organic -

. matter, make certain siﬁxétions unavailable tb less tolerant species (Hynes
1960).‘ Well aerated streams are characteristically inhabited by animals that
appear to be relatively sensitive to oxygen laék, notably the nympﬁs of cer-.
’ tain Ephemeroptera (Hubault 1927, Verfier 1948&). Poorly ox&génated watefs,
on the other hand, are often inhabited by éniinals‘ able Ito‘ survive _oéygén Iack,
of which the larvae of certain Cﬁifo;lomida;e.fére perhaps  the 'best.known
(Harnisch 1951, Thienemann 1954). | Observations ar‘e reported here of mor;'

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

two common South African mayflies, Baetis harrispni and Choro‘tevrpesv '
bugandeﬁsis and the significance of these ‘_obvservationsv is discussed in fela-
tion to what is known of the ecology of the two speciés.

Studies of the dissolved oxygen requirements of different freshwater
animals have been undertaken by a number of :workers. AIt has also been
recognized that the ﬁymphs at least of certain Ephemeroptera requir'e rhbvement‘
of ‘the water around them in order to obtain sufficient oxygen (Avel and Avel 1932
Verrier 19482). The same applies to the larvae of Cei'taiﬁ Tricﬁéptera
(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 flowian water Ambiihl (1959) has shown:
' that minimal dissolved oxygen cohceﬁtlfations‘ required by certain ‘Laqx.la(‘:i'c'
lar_vae and nymphs, most notably the nymphs of a species of 'M,,
decrease rapidly with increase in Water' current speed. in the rangé 0 ﬁo
6 cm/sec. He also found that. rates of oxygen uptake by these mliﬁaIS'
that were favoured by water flow increased with increase in ‘cu‘r_rent speed. .- »y
He redsoned ﬂlét the availabilify_ of oxygen to vhis aninials bwas limited by
the rate -of diffusion vof oxygen to them.. Animals in s‘tagi'ﬁ_ant water evident-.
ly became _sﬁrroundéd by oxygen-depleted water. In flowing water the
pxygen-d_epleted; water would have-been sAwept away apd. repléced by oxyge-.
genated watef. |

of allk aQuatic animals, most is known of the 'oxygen ’uptaké;‘rates
and requirémerits of freshwater ﬁwsh” (Fry ];957); It is of interest to,.'iiote
that Shepard (1955‘) fou.ﬁd the lethal low oxygen céncen'trati‘oﬁ 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, Arnong
similar indi'viduals‘ transferred Vbacki to wellv c}xygenétéd 's&at;ei' he found the,_;'
letﬁal 6}'<ygen‘ concentrat:‘;on.to ha':vé increaseci aga.in_. This Il‘ke\rreréibie. adjusi:-
ment to oxygénncondit:ibns_éppeared to be bri)ught :about‘ by a change in tﬁé l‘

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 Choroterbes bugandensis éinde, like many other aquatic insects, these

have a closédh tracheal systéin. Any adjustment to oxygen ;Sonditions By

these animals Would'Atherefore have had to have been brought about m a
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very different \&ay to that shown by S,alvelinué.

| Certain‘chironomid larvae able to live in bodies of water véhich becomeb
‘anaerobic have fbeén vfou_nd, to poésess several interesting adaptations whiéh en-
. _Vab‘l'e them to sgrvive these conditions.  Some of thése possess haemoglobin
_ which Walshe (1950) has shown to store up'oxygeﬁ' which can be used during
times of temporary oxygen lack. Oth‘er‘ have beén found to various extents
tYQAbé able to utﬂize anaerobic metabolic bathways du_riﬁg temporarily anoxic
‘cond.itions (Harnisch 1936, Augenféld 1967). Ceftain of these a(nd"other ani-
mals have in fact been found to be killed by high dissolved OXygén concentra-
‘tions (Harnisch 1951) or to grow more rapidly in _reiafively lovx} oxygen con- |

centrations than they did in well aerated water (Fox and Taylor 1955).  Both

Baetis harrisoni and Choroterpes bugandensis appear only to live Wheré‘ oxygen
is present. It seems unlikely that they should share these features with the
Chironomidae and other animals of anaerobic waters., . However, these aépects

were not investigated in the present study.

- MATERIAL AND METHODS

‘A Baetis harrisoni and Choroterpes bugandensis nymphé ’were collected
astbefore and population.s were held ‘at '200(} in oxygen-saturafed water in the
' lavboratoryv for a day before being used in experiménts‘.’_’

Dissolvéd oxygen .concentrations were maintained vat selected levels in
the experimental tanks by bubbling through the watér suitable mixﬁures either
~ of nitrogen and air or of oxygen and air.,  The tanks were careﬁﬂiy covered,
so that the space above the water became filled with the gas mixture supplied

and the proportions of nitrogen and oxygen in the‘watef and in the gas mixture



-181-

were allowed to reach an equilibrium. The required prpportions of gases -
in - the mixture_'were callctﬂa_ted in advance and adjusted.bqth 'du'r.i_ng_.a;48 ‘
hour equilibration peribd and Vduring the experiment itéelf_.- Dissolved
oxygen Conc]entratic;ns in -each experimental tank were measured at freoiuent
vint;érvals -'during an ve'}.(perinfiént. ‘ .Oxygen ,concentrationé hormally-. remained
within- 0.1 mg/l of de’sired values, although occasional déViatiohs‘_of 0.2 nrig/l-
were. observed: .A The very lowest oxygeﬁ . eme.eﬁﬁrations were the easiest to
maintain; e |
. Experimental tubes of diffefing intefnal diameter were used in order
' to,obtéin' different water current speeds and laminar -or turbulent flow charac-
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: in’ 'ord'er~to>gét half the. flow rate that would have béen‘ realized in: .
a single tube, | |
- *Stagnant édndi'tioﬁs. -couid not Be maintained in the tubés, ‘sincve respi-
.rati'on of the nyﬁiphs. over 1000: minutes was found to aﬂt_er the dissolved
oxygeriwconcentration in the water trapped in the tubesf Tests requ'iring,
non-flowing water had therefore to be carried out in nylon gaﬁze trays
10 cm x 10 cm sﬁspended in the experimental tanks.
-~ Water quality and tem,p.‘eraturl‘e were caféfully c_dntfolléd in t;hese
ex’periménts in ‘the way describédi earlier. Ex_perim_ents were carried
out over 256 or '.1000 r_ninu'te‘s and numbers of nymphs dead and alive
counted at ‘tllefeﬁd of these ekposure times. 'M_edién lethal dissolvecllv :
oxygen concentrations were ca’-lct‘xlated from tth'ese observations by probitv

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 Qf lai#inar and
barbulkent flow and for exposures of 1000 and 250 ﬁlinutes.- Median rlethal low
concenﬁrations of dissolved oxygeﬁ estiﬁated from this..-exper‘imeht fér ‘ieach o
current speed are shown in tables 3'3 and 34. As may be seen, nymphs of
this speciés were féund to he able to toleraﬂe relatively low‘ concentrations of
dissolved oxygen. The lethal oxygen concentrations in stagﬁahtkwatér (i.e.V
in the gauze trays) were significantly ‘higher than those in flowing water (i.e.
in the tubes) for bqth 1000 ‘and 250 minutes'exposure. The lethal ‘concerlltr‘a-
tion in 2.l6k cm/sec laminar flow for 71000 minutes' exposure was‘also signifi-
cantly higher than those at fastér flows. For each expoAsur'e‘time, the:
rest of the lethal concentrations estimated did not differ s’igmfiéar’ltl‘y‘ from
one another,

The experiment tﬁat yielded these results could notlbe carried out
on one day and was carried out in four parts on différent‘da;ys. The diffe-
rent cofnbinations of flow and oxygen concentration to be téstéd Qere Adistri—
buted at random among the four days on which the parts of the e#periment

were conducted.

Under normal conditions, the abdominal gills of Chorqtérpes bugandensis
nymphs beat continuously and rhythmically at a fairly rapjd« frafe. At concen.-
trations of dissolved oxygen below 1.5 mg/l the gills beat more::slov‘vly and
Stopped beating for short periods from tinie to time, especially after prolon-
ged exposure. At concentrations near the lethal limit the gﬂls heat only

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

- 1000-MINUTE MEDIAN LETHAL LOW DISSOLVED OXY'GEN CONCENTRA-
TIONS FOR CHOROTERPES BUGANDENSIS NYMPHS AT 20° C AND IN
A DIFFERENT WATER CURRENT SPEEDS

T A P 0xygen . )
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 brackéts
| (mg/1) '
laminar 2.6 . 2.6 156 0.5 0.62 (0.59 to 0.65)
' 0.6 ' '
0.7
| o8
laminar 6.8 1.6 160 0.4 0.56 (0.54 to 0.58)
0.5
0.6
0.7
laminar 12.0 1.2 160 0.4 0.55 (0.53 to 0.57)
’ 0.5
0.6
0.7
turbulent <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 0.58 (0.53 to 0.63)
0.5
0.6
0.7
turbulent | 12.0 - 2.6 160 0.4 0.54 (0 51 to 0.58)
0.5 :
0.6
0.7

to stay motionless for long periods, but to give very occasional and very
short bursts of gill fluttering. Many were found able to survive for several
hours in this condition. When transferred to aerated water they immediately

" recovered and started beating their gills normally again.
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TABLE 34

250-MINUTE ‘MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRATIONS

FOR CHOROTERPES BUGAN

DENSIS NYMPHS AT 20°C AND IN DIFFERENT

WATER CURRENT SPEEDS

Oxygen
Nature Current Tube |Number test Lethal oxygen concentra-
of speed |diameter | of concen- |tion (mg/1), 95% confi-
flow {cm/sec) {cm) nymphs | trations |dence limits in brackets
(mg/1) ' ‘
laminar 2.6 2.6 160 0.3 0.47 (0.43 to 0.51)
0.4
0.5
0.6
laminar 6.8 1.6 160 0.3 0.38 (0.32 to 0.44)
: 0.4
0.5
0.6
laminar 12.0 1.2 160 0.3 0.45 (0.42 to 0.48)
‘ 0.4
0.5
0.6
turbulent <0,2 open 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
0.5
| 0.6
turbulent 12.0 2.6 160 0.3 0.46 (0.43 to 0.49)
' 0.4
0.5
0.6

It is perhaps of interest to note here in passing that the rate of abdo-

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 ih the neighbourhood _Of 1 mg/1, which the
nymphs were able to survive for rﬁore than. 250 minutes, the gills stopped
beating entirely. When the dissolved oxygen concentration was raised
siightly the gills immediately restarted and the animals reeovered.' The
dissolved oxygen concentration at .wh'icil the gills were just stopped presumably
corresponded to the '"level 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 weter current speed and the lethal low dissolved oxygen
concentration we-re very closely interrelated. Also, many of the nymphs
‘6f ‘this species found dead after exposure to low diseolved oxygeh eoncentra-
tions Were_found to have died during ecdysis, They showed the. same symp-
;:oms, looseness and thoracic splitting of the skin, ﬂexioﬁ and so forth, as
had nymphs exposed to high temperaturves and described inv 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 terﬁperature stu-
dies. This added a complication to experimental design. Different oxygen |
levels had to be used for nymphs 1n 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°C
was fairly 1ow, relati‘v‘ely large numbers of animals had to be used in order

to have enough moulting during the experiment.
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The final ex;;eriment to estimate median lethal oxygen concentrations
at different rates of v;rater flow could not all be carried out on one day.
For this reason, the experiment was di'vided at random into eigﬁt par‘ts,‘
each of which was carried out on a different day.

Median 1'ethai low dissolved oxygen concentrations éstimated from

these experiments for Baetis harrisoni nymphs attempting‘ecdysis during

the experiment (100é fninutes) 'are shown in table 35 These are the con-
centrat.i_?ns estimateé to be 1e‘thaAle for 50 per cent of those nymphs that
éttempt ecdysis during the experiment. These lethal conéentmtions should
be the same for any“ .exposure timé, b‘ut‘the number of nymphs thatvat‘tempt
ecdysis will ob‘viousiy be proportional to the ‘exposuré time, sé‘t}hat’the lethal
concentration for ny;nphs in ecdysis is e-quivaleﬁt to thé "incipient lethrall limit"
- (Fry 1947) for the whole population for infinite exposure, during which ali the
nymphs would attempt ecdysis.  Too few knymphs were found to die during»
the shorter éxposure time used (250 mihutes) to be able to estimate lethal
oxygen 1e§els for nymphs in ecdysis and to see‘whether or not the lethal
concentrations for two exp‘osure times did differ.

The results shown in téble 35 show that the lethal dissolved oxygen
concentratiori deérea.sed very markedly with increase in water éﬁrrent speéd.
In completely stagnzirit water all nymphs attempting ecdysis died éven in

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

" 1000-MINUTE MEDIAN- LETHAL LOW DISSOLVED OXYGEN CONCENTRA-
TIONS FOR'BAETIS HARRISONI NYMPHS ATTEMPTING ECDYSIS AT 20° C
‘ AND IN DIFFERENT WATER CURRENT SPEEDS

Animals | Oxygen ‘
Nature Current | Tube attemp- test Lethal oxygen concentra-
of speed idiameter ting concen- | tion (mg/l), 95% confi-
flow "(cm/sec)| (cm) ecdysis | trations dence limits in brackets
o (mg/1) |
turbulent < 0.2 open 121 8.0 > 10
- 9.0 '

10.0

11.0 -
laminar 1.0 | 2.6 94 8.0 9.3 (7.4 to 11.1)

9.0

10.0

11.0
laminar 2.0 | 2.6 158 7.0 8.6 (7.8 to 9.4)

8.0

9.0

10.0
laminar 4.0 2.6 137 5.0 6.6 (6.0 to 7.2)

6.0

7.0

8.0
turbulent 6.0 | 5.0 106 3.5 4.2 (3.4 to 4.9)

' 4.0 '

5.0
__________________________________________ 6.0 | ]
laminar 7.0 1.6 108 3.0 4.5 (4.1 to 5.0)

3.5 '

4.0

5.0
turbulent 8.0 | 5.0 143 3.0 3.8 (3.6 to 4.1)

3.5

4.0

. | 5.0
laminar 12.5 1.2 163 2.5 3.4 (3.1 to 3.8)
' 3.0 | |

3.5

SRR ISR RS AR SUVS .2 o NS
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TABLE 35 (cont)
. Oxygen | : :
Nature . | Current | Tube Animals test Lethal oxygen concentra-
of speed |diameter att’emp- ‘concen- |tion (mg/1), 95% confi-
ting . e il s
flow (cm/sec) (cm) . trations |dence limits in brackets
A ecdysis
(mg/1)
turbulent 14.8 2.6 161 2.0 2.6 (2.3 to 2.9)
2.5
3.0
3.5
laminar 22,2 0.9 162 1.5 2.9 (2.1 to 3.7)
' 2.0
2.5
3.0 ‘
turbulent 22.2 2.6 123 1.5 2.4 (1.9 to 2.8)
2.0 , :
2.5
3.0
turbulent 39.1 1.6 107 1.0 1.6 (1.4 to 1.7)
1.5
2.0
| 2.5
turbulent 58.6 1.6 147 1,0 2.0 (1.4 to 2.6)
1.5
2.0
2.5

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) cbserved

marked diurnal fluctuations in dissolved oxXygen 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 AT 20 C AND IN DIFFERENT WATER CURRENT

SPEEDS
: Oxygén ,
Nature Current Tube Animals test Lethal oxygen concentra~
of speed = diameter not concen~ |tion (mg/l), 95% confi-
flow (cm/sec) (cm) moulting | trations | dence limits in brackets
, ~ (mg/1)
turbulent < 0,2 open 214 8.0 > 10 (ambiguous)
‘ 9.0
10,0
11.0
laminar 1.0 2.6 187 2.5 3.1 (1.7 to 3.4)
' ‘ - 3.0 S '
3.5
: 4,0
laminar 2.0 2.6 143 1.5 1.8 (1.5 to 2.1)
2.0 :
2.5
3.0
laminar 4.0 2.6 201 1.0 1.2 (0.8 to 1.6)
1.5
2.0
2.5
turbulent 6.0 5.0 156 0.6 0.8 (0.5 to 1.2)
1.0
1.5
| 2.0
laminar 7.0 1.6 173 0.6 1.1 (0.8 to 1.3)
1.0
1.5'
| 2.0
turbulent 8.0 5.0 168 0.6 0.9 (0.6 to 1.1)
o 1.0
1.5 - |7
_ ; 2.0 A _
Jaminar 12.5 1.2 171 0.4 | 0.9 (0.6 to 1.1)
0.6
1.0
| 1.5 |
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TABLE 36 (cont)
~ . ‘ Oxygen | . ‘
Nature Current Tube |Animals test Lethal oxygen concentra-
of speed |diameter :| not concen- |tion (mg/1), 95% confi-
flow (cm/sec) (cm) moulting |trations |dence limits in brackets
. ; (mg/1) -
turbulent | 14.8 2.6 186 0.4 0.8 (0.6 to 1.0)
‘ o 0.6 :
1.0
1.5
laminar 22.2 0.9 195 0.4 0.6 (0.5 to 0.8)
' ' 0.6
1.0
| 1,5 ,
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)
0.6 ‘ ’
1.0
1.5
" turbulent 58.6 1.6 139 0.4 0.6 (0.2 o 0,9)
' ' 0.6 '
1.0
1.5

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

found to be relatively; tolerant of 250 minutes' exposure to low oxygen ‘concen-

_trations, especially in water flows exceeding 10 cm/sec. With decréase in

water current speed below 10 e¢m/sec they were found to be increasmgly much

less tolerant of low oxygen concentrations. . Several iﬁdividuals sﬁrvived 250

minutes in various concentrations in completely stagnant water, but a majority

died even in the presence of 10 mg/l dissolved oxygen.
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Median lethal low dissolved oxygen 'concentrations found for Baetis

harrisoni nymphs not attemptmg ecdy&ns durmg a 1000 minute exposure are

: shown m table 37

These 1ethal concentratlons were umformly shghtly

mghér than th‘cis’g' fo'r;ZSAO mifiites' exposure and 'were‘ similarly related to -

water flow

rate._.

As was the case for 250 minutes' exposure, no apparent

differences in lethal dissolved oxygen conééhtratioris at equiiralent Wat‘éf“ o

current speeds in laminar and in turbulent flow were found.

TABLE

37

1000 MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA-
TIONS FOR BAETIS HARRISONI NYMPHS NOT ATTEMPT[NG ECDYSIS |
DURING THE EXPERIMENT AT, 20°C AND IN DIFFERENT WATER CURRENT

"SPEEDS -
SR ‘ | ~Oxygen s L
Nature |Current | Tube Animals | test  |Lethal oxygen concentra-
of speed diameter not concen- |tion (mg/l), 95% confi-
flow (cm/sec) | (cm) moulting | trations | dence limits in brackets
turbulent <0,2 opeh 188 8.0 > 10 (ambiguous)
‘ 9.0
10.0
N 11.0 |
laminar 1.0 2.6 179 3.0 4.0 (3 6 to 4.3)
3.5
4,0
N ‘ 5.0
laminar 2.0 2.6 195 2.0 2.6 (2 2 to 3. 0)
' 2.5
3.0
,,,,, i . 3. 5 ‘
laminar 4.0 2.6 153 1.5 2.1 (1 9 to 2.3)
~' 2.0
2.5
‘‘‘‘‘ BE 30"
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 TABLE 37 (cont) .
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NYMPHS OF DIFFERENT SIZES

In.two- further experiments, nymphs of different sizes ‘were exposed
’folr 1000 Ihiﬁufes téldifferent low dissolved oxygen concentrétidns in t_;he:
.lethal fangé and the median 1ethai _concentrations estimated as béfore for
each. Atv theé end of each experiment the length of.eac':h,individual, exclu-
ding the anteppag'and, .'cerci, was measured undér a microsc.ope. _Nymphs
of tﬁe larg'ei' of the three size groups_. distinguishéd_weré similar in size
to those used in all other éxper‘iments. ’fhe rgsults are showﬁ in tables

38 and 39. The smallest Chorotérpes bugandensis nymphs tested were

found to be abbl»re_( to itolerate lower concentrations of dissolved oxygen than

were the larger nymphs (p  0.025), The ‘smallest Baetis harrisoni nymphs

in e¢dysis were‘fOund to. be significantly more folerant of low oxygen concen-
trations than 4we’r.e. }the larger nymphs in a similar staté. ‘The large'st .
Egggs_nymphs'i‘n écd&sis were the least tolerant Qf all t'he'nymphs tested.
The median letﬁa‘l low oxygen concentrations of Baetis nymphs of different -
sizgs npt attempting ecdysis during the experiment, on the _otherb hand, were

not found to differ significantly from one another.

ADAPTATION TO LOW OXYGEN

In. two further' experiments, the susceptibilities to low disso.l(ved
oxygen concentrations of nymphs were compared after they ﬁad previously
been- held in, the 1aboratory in water containing only 4 mg/1 oxygér; and
in water almost s‘a.turated with respect to oxygen. For eaqh'species,-
nymphs were colleéted and divided at random into two groups. Eaéh

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
20 C AND IN WATER FLOWING AT 10 cm/sec (LAMINAR FLOW, 1, 6 cm

: DIAMETER TUBE)

Body Number Oxygen test | Lethal oxygen concentration

length of concentra- (mg/1, 95% confidence limits
(mm) nymphs tion (mg/1) in brackets .
1.6 to 2.9 180 0.3 0.48 (0.42 to 0.54)
0.4 P
0.5
0.6
0.7
0.8
3.0 to 4.4 180 - 0.3 0. 54 (0 49 to 0. 59)
- 0.4
0.5
0.6
0.7
0.8
4.5 t0 6.0 180 0.3 0.55 (0.52 to 0,59) §
0:4 ‘ - ' |
0.5 ;
0.6 |
0.7 A
0.8

In one vo_f thesé aquaria the dissolved oxygen concentration was main-
tained at 4 mg/l, as has been described, by aeratioﬁ with a_suitablrevmixt\iren
of air and nitrogen, In the other the water was strongly aera‘té::ifwith air
alone, Nymphé of each group were then expovsed for 10§0 ‘mim:lt'es to 1§w
dissolved oxygen concentrations and median lethal le‘vels estimated‘avts before

for each.



195-

TABLE 39

1000-MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA-
TIONS FOR BAETIS HARRISONI NYMPHS OF DIFFERENT SIZES, ATTEMP-
TING AND NOT ATTEMPTING ECDYSIS, ALL AT 20 C AND IN WATER
FLOWING AT 10 cm/sec (LAMINAR FLOW, 1.6 cm DIAMETER TUBE)

Oxygen ‘

Body R Number test Lethal oxygen concentra-
length. ~ Ecdysis of | concen- | tion (mg/1), 95% confidence
{mm) nymphs trations limits in brackets
(mg/1) ’
attempted | 164 2.0 2.3 (1.8 to 2.8)
3.0
2.0 to 3.4 --—-———-——---.-_--..---4.---_:3:?-_.--?--5—-_“.--_—'4 ~~~~~~~~~~~~~~~~~
: 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 Ferm—eee --.--~------w--§—'-5———--——w—--—--u—-—-— -------------
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 ‘ T
3.5
5.0 to 6.5 A ]
not 137 . 1.2 (1.0 to 1.4)

attempted

DO et O
. -
S oo o
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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°C AND 10 cm/sec WATER FLOW
(LAMINAR FLOW, 1.6 cm DIAMETER TUBE)

Oxygen concen- Oxygen test Lethal oxygen concentration
tration before | Number of concentra- (mg/1), 95% confidence
‘experiment nymphs | tions (mg/l) limits in brackets
(mg/1) |
7.5 160 0.4 0,53 (0.50 to 0.56)
0.5 ‘
0.6
OO S URY SR {7 A E
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 BAETIS 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° C AND 10 cm/sec WATER FLOW (LAMINAR
FLOW, 1.6 cm DIAMETER TUBE)

Oxygen con- i : Oxygen

centration - Number test Lethal oxygen concentration
before expe-| Ecdysis of “concen- | (mg/l), 95% confidence
riment | nymphs | trations limits in brackets
(mg/1) ‘ (mg/1)
attempted 189 2.5 3.7 (3.4 to 4.1)
3.0
3.5
75 e e %19______-_--__-.._-..__---_-;. _________
not 122 O.g 1.2 (1.0 to 1.5) ,
attempted ]]:5
2.0
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TABLE 41 (cont)

Oxygen con- | - - Oxygen _ .
centration ' | Number test Lethal oxygen concentration
before ex- Ecdysis of concen- (mg/1), 95% confidence
periment nymphs | trations limits in brackets
(mg/1) | (mg/1) -
attempted 192 2.5 3.3 (3.1 to 3.6)
3.0
3.5
4 e e ».__fl_.f) __________________________________
‘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 c_:arried out during winter,
| For coinparisoh, nymphs of each species were also exposed fo _lew concen-
trations of dissolved oxygen during'summer._ Median lethal concentrations
esﬁmated from these observations are shown in table 42, and may be seenv
to be ef the same‘orde'r as those recorded earlier. Neither species ap-
p‘earedv from these data to differ in their oxygen tolerances at different
timesb of‘ the year; Howeirer, ‘this is perhaps an over-simplification.

It is conc.'eiv'abl‘e that more detailed study takiﬁg 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 C AND IN WATER FLOWING AT 10 c¢m/sec
(LAMINAR FLOW, 1.6 ¢cm DIAMETER TUBE)

: Oxygen
Number test  |Lethal oxygen concentration
Species Ecdysis of concen- | (mg/l), 95% confidence
nymphs | trations limits in brackets
(mg/1)
Choroterpes mixed 160 0.4 0.57 (0.54 to 0.60)
. bugandensis ~
e 0.5
0.6
0.7
Baetis | attempted | 160 2.5 3.7 (3.3 to 4.1)
‘harrisoni 3.0 :
3.5
i 4.0
not 148 0.6 1.3 (1,0 to 1.6)
attempted 1.0 o
1.5
2.0

OBSERVATIONS OF BAETIS IN THE FIELD

Baetis harrisoni have been found in South Africa to 6ccurvé1uite‘

commonly and in iarge numbers in polluted rivers.  This was first noted
by Harrisqn (1958b).  As has be'en mentiqned, Allanson (1961) f§ﬁnci dis-
solved oxygen concentrations to drop quite markedly at night in‘a: rivekr
where nymphs of thzs speéies were common. Table 36 shows‘ that oxygen
concentrations of this order (3 mg/l) would be lethal for all nymﬁhs, irre-
spective of physiological state, in stagnant water or in water of curfent

speed less than 2 c¢m/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 éxygén .than .t}-1c‘>se repﬁrted By Allanson. In fact, dissolived
oxygen cdncentra?ions measured at various points in the Jukskei River
during this study were generally hi.gher‘t.han he reported, v'possibly because
the river was ng longer as ]oa’dly polluted. A _nﬁmber of other streams
was aiSo_ Visitedr du;"ing this study. Those in Wﬁich lower dissolved oxygen

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

vily polluted. None contained Ba_Letis harrisoni.» Since the cause of low
dissolved oxygen co-Ilc.(antrat-iorbis inr streams of ;reasonabie ﬂow might be iex-i
‘pected almost in‘vériably to be o..rganic ﬁolluﬁon, ammonia and other toxic
substances aésociate_d with po_l_lution of this. sort are likely to be present.
Sﬁrvi‘val Qf nymphs m these ri‘vers_might be‘ influenced byv these factors. as

well as by dissolved oxygen’ concentration.

Q_n two ocqasions, one when relatively large numbers of Baetis

harrisoni were pvr-esel-ut ‘and anofher _when' a far srﬁaller population was found,

~ intensive counts of nymphs wer'e made ata station in the Braamfontein Spruit.
In a- stretch of sti"eaim about .10 metfes‘long; the stream being a-boﬁt 3 metres
'vs.zide at this point, 312 suitable sainpiing points were numbered and classified
according to natui‘e of “substratum (bére rock face, above arid below large sub-
- merged and,eprsed-:r‘o‘ck's,’ on'and'amon'g smaller stones, pebbles ’and .gravel,
and sand-):and according ‘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,
diffefed too much from the speeds measured when the sites were o_x'iginally
_selected.  Sampling points were visited in turn starting dt the.low(’aét 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 cquld often be
seen and could be counted‘ directly. Where the animals could not all be
seen easily they were dislodged and washed gently into vthe net, |

The counts obtainéd are shown in tables 43 and 44. As might per-
haps be expected, f.hey wére found to be Véry variable. However, they
show véry clearly that rﬁost nymphs were found on :th_e upper surfaceé 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 bugan-

densis to be able to tblerate relatively low concentrations of dissolved oxygen
under widely differing conditions of water flow.  Several measurements of
dissolved 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 HARRISONI NYMPHS COUNTED IN RANDOM
ONE-FOOT (30.48 cm) SQUARES IN THE BRAAMFONTEIN SPRUIT AT
A TIME WHEN NYMPHS WERE GENERALLY ABUNDANT

Substratum
Current _ , ,
speed rock -on under small coarse :
: . _ : sand
- face | rocks rocks | stones gravel Bk
71 23 0
62 77 0
114 42 4
fast. 106 3 2
(40 to 100) | 25 72 0 - - -
cm/sec) 77 34 6
' 51 43 1
60 | 10 | o
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
17 | 14 | 1 | 39
458 381 35 170
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
(2to5 14 11 0 15 22 16
cm/sec) 1 26 1 4 9 14 7
4 36 7 16 9 7
2T 1 | 48 _2 20
132 138 24 175 124 97
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TABLE 44

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

S,

« Substratum
Current‘ rock on under small coarse
speed ' . 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 - - -
cm/sec) 1 22 - 0
34 4 6
24 | 38 | 5
163 b 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 - -
cm/sec) 6 2 4 19
' 6 0 0 2
0 | 10 1| o
36 48 5 25
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
cm/sec) 0 6 0 2 0 7
0 2 0 0 0 0
1| 38 | o |0 K 0
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 bottoni‘off this pool was fairly thickly blanketed with diatoms.

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

A 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 Choroterées bugandensis is in general agreemeht with the fin-
dings‘ of othér autho'rvs.i Effects of V»;aﬁer culrrent speed on ‘both the lgthal
giiss'o‘lvedv oxygen chcentration and the rate of oxygen uptake of ‘aq‘uatic ig-
sects have been studied in some detail by Ambiihl ‘(1959)., 'He found the
‘miAn.imal. dissol‘véd oxygen concentration for nymphs of a species of M

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

rent speed, as was found here for Baetis harrisoni. = The animals he found

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

" had no gﬂlé‘or, like Baetis harrisoni, had gills that did not beat.  The
gills of Choroterpés , oﬁ the ﬁothevr hand,be;at;continuously and create quite.
swift‘ currepté around the a.nimalé, as has been described ~b‘yA”Eastham (1937)
fox; Ecdyqnqrué nymphs,' The water currents created by the gills evidently
‘caﬁse. t_he water around the nymphs to be replaced continually and in sd doing
to make ’Qz'gygep;more readﬁy available to them in stagnant water, |
Further evidenqe of the respiratory importan.ce of ephemeroﬁteran

gills used for ventilation has been provided by Wingfield (1939). TheAgills
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- of Baetis nymphs do not beat and he. found their removalin,ot ‘toA affect the -
oxygen consumption of nymphs at any level of diSsolved oxygen, . - ”fhe vgills

of Ephemera nymphs, in contrast, do beat and Wingfield found the1r removal
to result in marked respwatory depression at all dlssolved oxfgen levels.

The slightly inc;‘eased lethal low dissolved oxygen cqncentration found for
Choroterpes nymphs in stagnant water might ﬁoésibly be ascribed to the fact
that the gills Aonly beat intermittently at low concentfations of dissolved o#ygen
in the lethal range.

Ambiihl (1959) has argued that dependence by nymphs uponvweter cur-
rents for the renewal of oxygen in the water surrounding them might be ex-
pected to inerease in‘propcrtion to the’ir metabolic rates. His '{vork confir-
med the earlier observations of other authors (‘Berg 1952 has found exceptions) |
that most invertebrates from swift flowing water have vs‘i,ghificantly‘ higher meta-
belic rates than do animais from slow flowing water;.‘ Thus ‘Foxk and Simmonds
(19_33) .and Fox, Simmonds and Wasﬁboum (1935) found n‘y‘mphe of a species

of Baetis from fast flowing water to take up .o;qrgen"é;t 3 to 4 times. the rate

at which did Cloeon nymphs from slow flowing water, and also ’te,‘b’e nﬁuch
less tolerent.of low dissolved oxygen concentrdtions.

Macan (1961c) has poiﬁted out how little is really known of the oxygen
requirements of aquatic insects. There is some evidenc.e to suggest, how-
ever, that those insects that live in situations where-they ‘are expos'ecri to ;
fast water flows expend a great deal of energy in hanginé- on an;:i, moﬁng
about in the current, Zahﬁer (1959) found, fer instance,v that nymphs of
a species.vof the dragonfly genus Agrion were able to move about in ox".ygena-.

ted water flowing at 50 to 60 cm/sec, but were restricted to slower flowing |
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water at lower concentrations of dissolved qugén. Within the range o;‘
current speeds from 0 to 3 cm/s;eci, Ambﬁhl.A (1959) found the oxygen up-
take 1"2%13.9&3, of Bactis ‘nymph's to increas_e apparently linearly in pr.py‘_ac;rt‘ion
to the current speed.
Wdrk on fish has 'éhom thaf where active metabolic rates .ha‘ve
béen reduced by low levels of dissolved oxygen, it is the'amou_nt of oxygen
availépblgfo the animal for locomotipn and other activities, the '.'sc?'pe fofr
activity"!, which is reduced. (Fry and Hart 1948, Graham 1949, !Ery_1957).
That the scope for activity of Choroterpes nyrﬁphs wés reducedkaf; digsgl—
ved oxygén concentrations just abo‘v’e\ the lethal level was illustrated by the
nq_table reduction in gill movements under these circuﬁsmnces. ' Whilé o
animals will survive temporary exposures to oxygen levels at which .theixj
activity kis restricte;l,_ thgay mig.ht‘be adversely affected by permagent con-
ditions of this sort. = Reduced scope for activity has bejeﬁ held to éxplaink
obseryatipns that at Low dissolved oxygen concentrations the rate of deve-
lopment of fish was reduced (Garside 1959, Kinne and Kinne 1962), that
some fish lost weight (Davison et al 1959) and that feeding and a‘number. ‘
| of othéi' activities of a copepod were rkestficted (Malovitskaya 1961).

A notable feature of mortality of Baetis harrisoni nymphs at low

oxygen leve_ls. in this study was the sensitivity to oxygen lack of ny‘mp‘hs‘ in
ecdysfi.‘s._ Why this should not also have applied to Choroterpes I}ymphs is
not clear, but the increased sensitivity Qf% presumably had some-
thing t»;),,,dol _fwith;ipcreased OXygen requirements during gcdysis. | VGijz‘atl‘yi_
incréaseq _metaboqu ‘rat’eshduring ecdysis havé been demonstratgd iq 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 héve been determined primarily by - their méta'bolic
) on_yge'n. requirements and by the r_ates’ of ,diffusion o.f oxygen to the nymphs
» dnder ,differ’ent conditions. It seéms clear .thatv..theif oxygen 'féquirements
were increased both at higher water current speeds énd during ecdysis.
The inverse relation found here between curreiit speed éind lethal.” oéygen
concent;'ation indicates that diffusion of oxygen .ﬁto. vthe :nymﬁhs‘.' iﬁc;rea.sed |
sharply with increase in current speed. ' Rég’re’sSioh analyS1s of -fhe data
shown intables 35 and 37 has been imderté.kenvwiﬁh fhes:e fa'cts. in mind. |
1000-minute minimal oxygen concentrations at different watér' éurrént speeds
for nymphs both in and out of ecdysis and in both laminar and turbulent
flow are shown in figure 36 Regi‘ession lines of the fo;tm;

‘Y‘=Hva + bX - ¢ (X)—é—
whe.ré;: Y represents the lethal oxygen concentration estimated from the
regression line, ' |
X represents the averagé current speed in the tube (ﬁ),
and a, b and ¢ are ;‘egression constants, |
are shown.ih the figure for nymphs attempting ecdysis in .both laminarv‘and
. turbulent flow and for nymphs in laminar ﬂqw not éttenipting e¢ciysi_s‘.j
Tﬁese regression lines were estimated by a least-squéres method '

described by Guest .~(1961).  Each lethal oxygen value was assignled.as a
weighting coefficienf the reciprocal of its variance. The lef:hal 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 paragfaph,_
and because this was found to ,be feasible, the estimates of the, ccn'sta;lts a and
b in the regression equatjons for nymp}ils in ecdysis in laminar and in tufbixlent
flow were pooled, It was not found to be possible to use pooied estimated for
a and b in the regreséioﬁ equation for nymphs ﬁot m écdysis. No regressiqn o
analysis was undertaken for nymphs in turbulent flow not attempting ecdyéié, A
since all excepﬁ the, flrst two lethal dissolved oxygen concentrations were vir-
tually identical. Thé regression equations obtainéd wére: :
Y = 11.86 + 0,34 X - 3.66 (X)%
for nyinphs. in laminar flow att}e'mpting ecdysis 'during the experiment,

, , —
Y = 11,86 + 0.34 X - 3,56 (X)®

for nyfx}phs in 'tur.blilerit flow attempting', eédysis during the e)’q:séribment‘ and
Y < 6.69 + 0.24 X - 2.04 (X)é o o

for nymphs in Iaminéf flow not attempting ecdysié. v’><,2te‘sts<vyshQWed f;he devia-
tions of vébserved valués from the first two ‘lviriesf‘ not to be Jsigmficant,k but
revealed the third lin’e‘ At‘:o be a rather poor fit of the ob’seryed data (p <0.025).
Even better visual‘fits were obtained when '_the; ‘estimarte"s of a: and‘ b in the first :
two equations we’re‘hot pooled, This produced a father more strongiy curved
firsf line and a rathe_r more flattened second l‘me‘.than thoée figﬁred. |

| The fact that the first two of these linés fitted the obserk}ed data
is consistent with the theory that Vthe ‘minimal dissolved oxyge‘n.‘QOncéntratioﬁ
required by Baetis nymphs was increased by one factor acting in propor-

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 ‘thxj.Béetis
harrisoni nymphs at different rates of water flows

open circles - animals in laminar flow attempting ecdysis dur;ng ‘the

1.

experiment, regression line Y = 11.86+0.34X-3.66(X)>

' open triangles - animals in turbulent flow attempting ecdysis during the

i
P

experiment, regression line Y = 11.86+0,34X-3.56(X)%

clgsed 'circlés - animals in laminar flow not’attempting ecdysis, -

regfé'ssion line Y = 6.69 + 0.24 X - 2.04 (X)%":

closed tfiangles- anitﬁals in turbulent ﬁow not atterhpting 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 squaré root of the water flow rate.
The first factor is likely to have been the inci'ease in metabolié o;;ygen re-
quirements of nymphs with increase in current speed (Ambﬁlﬂ 1969), valthough
" this linear relation is probably a gross over-simplification of the truev ’situap-

tion. The second factor is likely to have been the increase in diffusion of

oxygen to the animals with increase in current épeed. The diffusion of
dissolved oxygen’from flowing water to a stationary body in the Asfream flow
depends on a large number of factors, among then the Reynolds number (Ré),
the shape of the object and the configuration of .the boundary layer ar.ound _
it (Bird, Stewart and Lightfoot 1960)., For a wide range of ﬂoka conditions,
however, the rate of diffusion has been found fo be proportional to the square
root of the flow rate  (Stréfelda 1960). The fact that the two lines could
Abe fitted with pooled estimates for the constants a and b is -ccns‘.isteﬁt_ with
ﬁhe view that the lines differed only in the constant ¢, relating éxygen diffu;
sion rate to water curi‘ent speed. |
Exémination of these reg‘reséion curves suggests that the mirﬁmal
dissolved oxygen concentration ‘requii'ed by Mnymphs mightkbe increased
not only at low rates of water flow but at very high rates of flow és* well,
The regression curve fgr nymphs in ecdysis suggests, for mstéﬁ'ce, that
these nymphs might ha'vé been most tolerant of low dissolved oXyg"en con-
centratioﬁs at a current speed of Varoxymd 35 to 40 cm/sec. Howevér, the
data shown in figure 36 is-inconclusive on this point. If the lethal i»dissol.. |
kved oxygen concéntra.tions wefe increased k~’they Were,certaixﬂy not iﬁcreased

by much.
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Evidence will be presented in a later section of this report which

suggests é.tfbﬁgly that both Baetis and Choi'oterpes ny.mphs Wefe able to
dis.f,ringuish between:streamé ‘of water differing in dissolved oxygen content
apd to ofiehtate theirvxsei‘ves vaccordingly.v If the gauze scfeens at Ithe
ends of each tube or perhaps the other nymphs in the tube disturbed the
pgttem bf ﬂow‘ it is,’ not aitogether incoﬁcéivablé that at least some of the
active M nymphs not in ecdysis might have been able fo position them— J
selvééwhere flow condﬁif.ions wefe slighﬂy ‘more favourable than they weré»
elsewhere in the tube. Although there was no evidence in the present
experiméﬁts to ksﬁggést this; .th.e élight poss'ibility' shoﬁld be‘bome in mind
that the lethal dissolved oxygen concentrations estimated for nymphs in
eédysis might hé‘kre been éonsistently low 'a'md migﬁt have appeared to be
less influenced by water flow ra‘te‘than‘they _reaily were.

As has been found by other authors, smallei' nymphs of both species
were léss tolérant of low disédlved OXy gen levels than were lai'gerv nymphs.
This is at first sight a little surprising,i since the oxygen‘ ﬁptake rates’ of
smaller rﬁayfly nymphs are known to be highér in proporﬁion to weig}it than
are thése of Iarger‘hymphs (Hilmy 1962). - Only rathertdetailed analysis
of the_ oxygen requirements during developméﬁt ‘wvould ‘clarify this question.

Laét instar nj;rmphs were’notA iricmded in any of the experimenté
repor"téd vheré. These were found invariably to die in the 'experimental'
tubes éoon i.after thé start of the final moult. ThlS applied to both spe-
cies and has not been explained.  During some of the experiments de-
scribed héi'e sﬁlaﬂ numbers of final Ainstar nymphs were Aheld m open trays

in the test téhks, where they were exposed to low oxygen concentrations.
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Observations of their mortalitsf“al'iﬁee?edf to" ind‘ieet’e:‘.fthet"the fmal e

mstm* nymphs were more sensmve to oxygen lack than were yéunger nymphs, »

‘but not very -greatly so, All of- the fmal mstar nymphs seen to d1e at low.
oxygen levels appeared to have d1ed durmg ecdys1s. Once agam 1t seems

to be the increased oxygen needed for the fmal moult which makes these R

T e
%

animals ‘more s’usceptible. '
The results described here have revealed Choroterpes nymphs which
have been found niostly'in relatively’ unpolluted streams and only occaﬁs‘ion‘é.lly

in mildly’ polluted‘ streams (see general introduction), to be significartly

more tolerant of low oxygen concentrations than those of Baetls harrisoni,
a species known to be tolerant of pollution (Harrison 1958b, Anansoh T

1961). However, an examination of the habitat of each has revealed ‘that-

Choroterpes nymphs beneath stones in unpolluted streams might be " exp’iosed ‘ |

to. lower ‘dissolved oxygen concentrations than are '_}§_2_1§£i_§_' llymphs -on storlesv
in swift flowing water i'n‘;polluted streaims.',A

In the course of a study of the eeology of certam mayﬂy nymphs o
whlch also-live on the undersurfaces of stones in streams, Madsen (1968)
.measured both variations in 'dlssolyed oxygetl;,ooﬁcentratl_on m;;the dead water
: 'qmong these stones, 'and rates of «c‘liffus’ion of o>'{yg.enu~to tlusdead wé.ter; '
He found low oxygen concentratiOns to."oceltf ;tju‘itef coelmonly. irl ‘the dead
water as a result of'*s‘low diffusion of .oxyg'enl from themam s‘tream; - Ile‘
concluded from his observetions that o‘nly‘sl'aecies V‘wllich,were ,faiﬂy. tolerent ‘
of occasional low dissolved oxygen concentrations would survive in tl1es‘e

stream beds.  Both Brundin (1951) and Moore and Burn (1968) have shown
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™t that dissolved ‘OXygé'n‘ conc‘entrations can vary tremendously from‘plaée to
! place within a body of water. They ha’ve also shown that these featu;'es
© - in the micré-distribution of dissolved oxygen in relatively.stagi‘lant water are
not oﬁly ‘réﬂected in the patfems of distribution of genthic organisms, but
“are also of great limporta'nce m determining whether or not different spe-
* - cies will survive times of general deoxygena‘tion.
As important, perhaps, as these differences ffom’ plaée to place
in a stream bed are variations in dissolved OXygen‘éoncentration Which are
known to occur with time. = Hubault (1927), Butcher, Pentelow and 'Woodiey
(1930) and Allanson (1961), in particular, have describéd daily variations
in dissolved oxygen in streams vappa,rently arising as a résult either of
algal respiration dr of intermittent discharge of organic effluents.
Gunnerson (1964) has shown that oxygen sags' of this sort can occur in
- streams at almost any time of day or night, a rﬁass’ of poorly oxygenated
water takmg some time to ﬁravel downstream. |
In the Jukskei River, at least at the time when thé observation‘s of

Allanson (1961) were made, large numbers of Baetis harrisoni nymphs

apparently li'v‘ed at places where they were exposed durmg most nights to
low dissolved oxygen concentrations. In fact, these'iow concentrations

| appear from the results of | the bresent stuciy to have been within the 1e£hal
range for nymphs undergoing ecdysis and for ny?nphs in relatlvely slow
flowing wate'f. No evidence was ‘found in this study to }suggest that ecdy-
sis might be delayed under adverse conditions in order to' provide nymphs

with some protection against temporarily low oxygen levels, but only those -
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nyrhphs that ‘happerie.d'to attempt ecdysis during this period would have heen
. affected'by the abnormally severe oxygen lack. , The rest would have‘sur\?ived
even guite Vsev'ere(deoxygenation if this was of short duration.

It is well known that Vthe deoxygénating effects of organic matter are
responsible in quite largé measure for faunal chaﬁges ob'se:r\;red to l;ave been
brOught about by pollution;in streams (Liebmann 1951, Hynes 1960). | Presu-
med tolerances of low dissolvedv oxygen. levels by different species have in
" fact frequeﬁtly heen equatéd w_ifh_tolerances of polIuted conditions iﬁ general
in the assessment of poll#tién usiﬁg faunal data (Bick 1963, Beak 1965).

The complexities which can arise in such assessment in cqnditions of diffe;
rentvmter flow ha'veﬁbeen véry neatly illustrated by Zimmermann (1961).

~ He introduced controlled guantities of polluted water into long experimeﬂfal
channels inclined, at d.ifférent angles and found quite different distfibutions

‘of invertebrate species in ea;ch. "Sensiti‘ve” species were able to colonize
places in the swifter ﬂowing watef 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 i»vés more

readily available to the animals at faster current speeds,

The ability of C’hbr‘oterpes bugandensis nymphs to- tolerate léw dissol-
ved oxygen’ levels has been reasoned here to be a necessary édaptation to
life under stones 'whefe ‘they might be exposed to watér of low yoxygen con-
tent. However, thei‘r‘tolerance of low dissolved oxygen‘does}hbt neceséa-
rﬂy‘ equip them for 1ife in poliuted stream‘s. ‘ He‘revthey might be exposed
to watef of even lower 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 appeérance.in the fauna of stony
“runs of Tubificidae, Chironomidae and other animals normally found among

accumulated organic matter in other biotopes.

Alfhough Baetis harrisonivnymphs were rea,lljr 'l.ess tolerant of redu-
ced dis’solved oxygen than were nymphs of Chorotémes, Athey appear from
the results of this study to be able to Vli‘ve in sﬁitéble sitﬁatioris on stones
in»swiftly fiowing water in quite 'se'verely polluted streams in which quite.
low diésolved oxygen conéentfationé can occur,

[

SUMMARY

1. . Choroterpés nymphs tolerated much lower cbncentrations« of diésolved
oxygen (the iethal limit for 10007 minutes' exposuré being about |
0.5 mg/1) than did B__E_l_é_@ nymphs (the lethal limit varying from
above saturétion to about 0,8 mg/l depénding on water flow and fhe
pﬁysiological'state of the nymphs). |

2. The 1éthalvlo'w dissolved oxﬁrgen concentration for Choroterpes ﬁymphs
was not notaiﬂf 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 increasmgly tolerant
of low oxygen concentrétions W1th increasé in the rate of water flow, |
more o in turbulent than in laminar flow (é’éé‘figﬁfe 36).

4. m nymphs were much less tolerant of low oxygen concentrations
during ecdysis than af other times (see figure 36). Choroterpes

nymphs were not found to be less tolerant dtiring ecdysis.
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Small Choroterpes nymphs wAere slightly more tolerant of low dissolved
oxygen concentrations than were large vnymphs (lethal limit 0.48 mg/1
as opposed to 0.55 mg/l) Small Baetis ﬁymphs in ecdysis were also
more tolerant than wé're largg nymphs in ecdysis (lethal l_imit,Vin

10 cm/sec water flow 2.3 mg/l as opposed to 3.5~m’g/1).

Previous exposure to low oxygen did not appear materially to affect

. the tolerance of either species.

‘Nymphs of both species at different times of yéar were found to be

similarly tolerant of low dissolved oxygen.

' .The significance of this information in relation to the distribution of

these nymphs is discussed.
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MORTALITY AND SURVIVAL OF BAETIS HARRISONI AND CHOROTER-

PES BUGANDENSIS NYMPHS IN DIFFERENT COMBINATIONS OF TEM-

PERATURE, DISSOLVED OXYGEN CONCENTRATION AND WATER
'CURRENT SPEED

- INTRODUCTION
. Results reported in previ‘ous; sections have shown nymphs of Choro;

..terpes bugandensis and Baetis harriS,oﬁi to. dif.fer guite markedly in their

tolerances of high temperaturés and low dissolved oxygen concentrations.
Choroterpes vnymphs were found to be fairly tolerant of both factors and
were seen to live in sluggish streams in which extremes of these factors

might occur from time to time. . Baetis harrisoni /nymphs, on the other

hand, were fqund zjot be able to tolerate either very high temperatures or
- very Iow dissolved c&grgen cox;(}entrations.‘ | However, }w?_,a_e_twiw_g_nymphs’ were
, féund to be much more tolerant of these factérs in fastér ﬂoWing water
than they were in very slow ﬂgwing water.  Oxygen appeared to be more
readily}aﬁailabie tb them in faster flowing water. It was reasoned that
depeﬁdence upon water flow for an adequate supply of oxygen was an aspect.
of the phys'iologi‘cal é;iaptaﬁon of thi‘s Spécies to ité habitat in Swift ’ﬂqwing
’s_treavms as has ‘_kbe‘en ".foun'd by A’mbiim‘ (1959) for other Speéies of Baetis.

~ There. is other publrishedl evidence to suggest that the effects of tem-
peraturé,_diss_o}ved oxygen ai;.d wat‘er’ ﬂ_dw, rate on the-sﬁrv.ix‘falb of mayfly
nymphs might be interrelated. Pléskot’k(1‘95‘3‘),. for instance,has suggested
. on the basis of field observations that deafix Of _certain Ephemeroptera at
high temperatures mlght be brought about by asphymatlon. - In the experi--

~ ments descrlbed here, nymphs of both Baetis harmsom and Choroterpes

bugandensis were exposed to different combinations of these three factors
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‘and their combined cffects on mortality- and survival of each species observed.

MATERIAL AND METH‘ODS

Baetis ‘harrisoni and Choroterpes bugandensm nymphs were collected

in the Braamfontem Spru1t and Pienaars River as has been descmbed elsewhere.
Before being'exposed to different combinations of the factors ‘being »invest1gated
they were Ii'eld for 24 hours in ‘.the laboratory ‘in open ‘gauze ‘t‘rays.‘ The trays -
in turn were s'u:spende(‘i“in well aemted water eithef at,the’s‘ame temperat.ufe?
at which the experiments were to be carried out er, 1f ;theeXpeI"‘ir‘nenisvwere
to be carried out at‘temperewxfes mthe 'lethalvr'a'.nge,".,et ZOOC.  The Water> )
in thése gauze "t-rajfé wa’skep‘t in .metioﬁ' at evll'»-timee.:? j |

The apparatus in wmch ammals in 15 cm perspex exeerlmental tubes
were exposed in aquarla of water bo controiled test conditlons ‘has also been
described. The experiments descfibed hefe Were ‘ofﬂ fectoriai\kdesign. In -
the first series of experiments, ’gro,u‘ps o‘f-"animal.s'in each_'po‘eeible combina-
tion of three temperatures and fourAdifferent flow eeriditieﬁé were each exposed
to a number of suitable low oxygeh eoneentratikons."; ) Aft‘:er‘li){)(} minuﬁes' ex-
poeure' numbers of nymphs found not bo fecov.ér ‘vvs"e;l;e netedy.y “~The 'Ie’thal low:
oxygen 'concenfration foi; ea.e_h eeoml»)i;netioxvl of temperemx;e and @ter current
speed was estimated from these 'observeﬁons by probiﬁ analysis (Finney 1952),
‘In the second series of experiments, groups of nymphs at each possmle com-
bination of- these dlfferent dissolved oxygen concentmtxons and six dlfferent
water ﬂovy conditlon,s were each exposged to a number of eultable temperamres
in the upper lethal range, - From mortality -ebserved, after 1000 minutes

the upper lethal temperature was calculated for each combinafion of dissolved

3
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oxygen concentration and water current speed.

In order to bé able to decide on the precise levels of éach factor
to bé ?ested a number of preliminary experiments had first to be cafried :
} youtu. T;) maké iﬁoésibié th;e éalcﬁlation of médian.lethal voxyger‘l or ‘tempe_
rature levels, conditions had tci‘ AbAe oreated in each test which would kill
soiﬁé but not .all of the test animals, |

In each exper’imentk a large nunibef of cémbinations of tempei‘atﬁre,
dissol#ed oxygen and water cur.rentvspééd had to be teste\c‘i.A~ Evén whenr
different current speeds were combined in the same tank by ﬁse of tubes‘
of different diameters the number of combinatioﬁs required gfeatly excee- -
ded tﬁe numbeerfv the tesﬁ tanks available,. Fér this >reason each exrpe-‘
riment wéé carried out pieceméal on ciifferent days over several weeks,
The combinations of teﬁlperature, oxygen an‘d.ﬂow to be tested on each
day Were selected at random. Animals were collected sepafately fof
each day. Eaéh 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 curreﬁt speed are shown in table 45. As may be seen, hymphs
of this sﬁecies- were found to be iess tolerant of low oxygen concentrations
at higher tempe‘ratufes. _However, al.though the differences between lethal
low oxygen concentrations estimated at different temperatures were statis-

tically significant they only amounted to about ,0.1.0(3 to 0.3°C.
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TABLE 45

1000-MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA-
TIONS FOR SUMMER CHOROTERPES BUGANDENSIS NYMPHS AT DIFFE-
RENT COMBINATIONS OF TEMPERATURE AND WATER CURRENT SPEED

! Oxygen | Lethal oxygen concen-
Current | Nature Tube |Number; test tration (mg/1), 95%
Tempe-~ . . T
, | speed of diameter| of concen-| confidence limits in
rature ‘
(cm/sec)| flow (cm) nymphs | ¢ rations brackets
(mg/1) . |
o © < 0.2 |turbulent; open 160 0.3 0.53 (0.49 to 0,57)
15 C ‘
0.4
0.5
0,6
___________________________________________ i e e e e e e o
2.6 laminar 2.6 160 0.3 0.47 (0.45 to 0.49)
0.4 ‘
0.5
0.6
12.0 laminar | 1.2 160 0.3 0.48 (0.45 to 0.51)
0.4 '
0.5
0.6 )
12.0 turbulent| 2.6 160 0.3 0.44 (0.40 to 0.48)
: 0.4
0.5
- 0.6
20oC < 0.2 | turbulent] open 157 0.4 0.60 (0.56 to 0.64)
0.5 -
0.6
0,7
2.6 laminar 2.6 160 0.4 0.53 (0.50 to 0.56)
0.5
0.6
i 0.7
12.0 laminar | 1.2 160 0.4 0.55 (0.53 to 0.57)
0.5
0.6
0.7 |
12.0 turbulent] 2.6 160 8‘.4 0.55 (0.53 to 0.57)
0.6
0.7
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TABLE 45 (cont)

Oxygen =
Current | Nature | Tube [Number | test Leth‘al oxygen concen~
Tempe-. ~ . tration (mg/l), 95%
, speed of diameter of ~concen- . Y
rature ~ . confidence limits in
(cm/sec)| flow (cm) nymphs | trations . o
; , : ‘brackets
(mg/1)
25°Cc  |< 0.2 |turbulent| open 160 0.5 | 0.72 (0.69 to 0,75)
0.6
0.7
0.8 ,
| 2.6 [laminar | 2.6 159 0.5 | 0.69 (0.66 to 0.72)
0.6
0.7
0.8
12.0 laminar 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 B
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 wingbudé,

thoracic flexion, inéomplete ecdysis and so forth, have been described in

the section dealing with high temperature tqleranée. 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 'exposi}tre 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 concentrations calcﬁlated éeparately
for animals in and out of éédysis. The experiment described here was
carried out during summer,

‘Some mortality of nymphs attempting ecdysis was also obsefved among
nymphs held at non-lethal oxygen concentrations while thesé experiments were
being carried out. In a previous section this mortality of ecdysihg nymphs
not caused by the 1ethai factor being tested was reasoned possibly to. have been
caused by handling of nymphs which had aiready star_ted to r‘ﬁouit. ThlS mor-
tality was treafed statistically as 'natural' mortality and the calcﬁlation 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 r_esﬁlts ja.re 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 dissoived
oxygen requirements ‘of Baetis nymphs were influenced most strikingly by
the water current speed. ' In addition, minimal dissolved oxygen‘ require-
ments of nymphs were fouﬁd in almost all instances to Be reduced at .higher

temperatures.
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TABLE 46

1000-MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA-
TIONS AT DIFFERENT COMBINATIONS OF TEMPERATURE AND WATER
CURRENT -SPEED FOR SUMMER BAETIS HARRISONI NYMPHS IN ECDYSIS

‘ Water ‘ . Animals Oxygen Lethal oxygen con-
; Tube , test .
Tempe-| current | Nature of | .. attemp- centration (mg/l),
diameter | . concen-. . .
rature speed flow . ting . 95% confidence li-
(cm/sec) (cm) ecdysis trations | s in brackets
(mg/1) -
15°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 o
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
--.-mm——--.mmmw.._m.:._m_i mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
14.8 furbulent 2.6 161 1.5 2.0 (1.8 to 2.2)
2.0 :
2.5
,.._-,.-..___,_J_..__.,..-......-__...._,_____...__...___---__?_'9.____; ________________
39.1 turbulent 1.8 142 1.0 1.4 (1.3 to 1.6)
1.5 |
2.0
2.5
20°C 2.7 laminar 2.6 178 5.0 7.0 (6.5 to 7.6)
6.0
7.0
| 8.0
7.0 laminar 1.6 152 3.5 4.4 (4.0 to 4.9)
4,0
5.0
________________ 6,.‘ 0_ e e v e e e e
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TABLE 46 (cont)

Water ' - | Animals 8 1 ethal OXygen con-
; : : - Tube test e
Tempe- | current (Nature of | . attemp- | | centration (mg/1),
rature speed flow - diameter | - ting ©COonCOR- | 9501 confidence 1i-
(cm/sec) (em) ecdysis trations mits in brackets
| (mg/1) |
20°c | 22.2  !laminar 0.9 157 2.0 2.3 (2.0 to 2.6)
** 2.5 | |
3.0
3.5
8.0 turbulent 5.0 158 2.5 3.6 (3.2 to 3.9)
1 L 3.0 4 ‘ :
: 3.5
' 4.0
14.8 turbulent 2.6 169 1.5 2.7 (2.4 to 3.0y
2.0 V -
2.5
3.0
39.1 | turbulent 1.6 160 1.0 1.5 (1.4 to 1.6)
1.5 . '
2.0
.. , 2.5
25°¢C 2.7 laminar 2.6 243 5.0 > 8
6.0
7.0
8.0
7.0 laminar 1.6 280 4.0 5.4 (6.0 to 5.7)
5.0 ' A
6.0
7.0
L 22,2 laminar 0.9 239 2.0 2.8 (2.5 to 3.1)
| ~ 2.5
3.0
3.5
b e e e e R e o o e e
8.0 turbulent 5.0 265 3.0 4.3 (4.0 to 4.6)
‘ 3.5 ' :
4.0
SRR SRS RN SV N T | R S
14.8 turbulent | 2.6 234 2.0 2.9 (2.7 to 3.1)
“ 2.5
3.0
L e 1.38.5
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TABLE 46 (cont)

Water | Tube Animals Oszggten Lethal oxygen con-
Tempe~ ccurrent | Nature of diameter attemp- concen. centration (mg/1),
rature speed flow ting . 95% confidence li-
(cm/sec) ' (em) - ecdysis. t:}zzl)s mits in brackets
25°C 39.1 lturbulent | 1.6 271 1.0 | 1.9 (1.7 to 2.1) "
- ’ 1.5 .
2.0
2.5
TABLE 47

1000-MINUTE MEDIAN LETHAL LOW DISSOLVED OXYGEN CONCENTRA- -

TIONS AT DIFFERENT COMB]NATIONS OF TEMPERATURE AND WATER

CURRENT SPEED FOR SUMMER BAETIS HARRISONI NYMPHS NOT
ATTEMPTING ECDYSIS ‘

_ Water ' Animals Oxygen Lethal oxygen con-
- Tube test . :
Tempe-{ current | Nature of di ¢ attemp- centration (mg/l),
rature . speed flow 1AmELeT ying COnCEI-I 950 confidence li-
(cm/sec) (cm) ecdysis trations mits in brackets
(mg/1) :
15°C 2.7 |laminar 2.6 138 0.6 | 1.1 (0.9 to 1.2)
. 1.0
1.5
2.0
7.0 |laminar 1.6 164 0.4 | 0.7 (0.6 to 0.8)
0.6
1.0
1.5 i
22,0 |laminar 0.9 143 0.4 | 0.6 (0.5 to 0.8)
' 0.6 - '
1.0
1.5 ,
8.0 turbulent 5.0 159 0.4 .| 0.9 (0.8 to 1.0)
0.6 '
1.0
. _ 1.5 |

ke s o aver e s e e
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TABLE 47 (cont)

Water Animals Qxygen Lethal oxygen cond
Tube test Lo
Tempe-|{ current | Nature of | . attemp- _ centration (mg/l),
diameter . concen- . 1
rature speed flow ting - . 195% confidence li-
(cm/sec) (em) ecdysis trations | its in brackets
' (mg/1) S
15°C 14.8 | turbulent | 2.6 148 0.4 | 0.7 (0.6 to 0.9)
0.6 .
1.0
1.5
38.1 turbulent 1.6 148 0.4 0.6 (0.6 to 0.7)
0.6 -
1.0
1.5
20°C 2.7 |laminar * | 2.6 177 1.0 1.6 (1.4 to 1.7)
: 1.5 ’
2,0
2.5
7.0 laminar 1.6 137 0.6 1.1 (0.9 to 1.3)
1.0 ' »
1.5
2.0
22.2 laminar 0.9 168 0.4 0.8 (0.7 to 0.9)
0.6
1,0
L 1.5
8.0 | turbulent | 5.0 157 0.4 0.9 (0.8 to 0.9)
0.6
1.0
1.5
14.8 | turbulent | 2.6 141 0.4 0.8 (0.7 to 1.0)
o 0.6 B
1.0
1.5
39.1 turbulent 1.6 167 0.4 0.6 (0.5 to 0.7)
0.6 ' V
1.0
1.5
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TABLE 47 (cont)

Tempe-
rature

Water

current
speed

(cm/sec) |

Nature of
“flow

Tube ,
diameter
(cm)

Animals
attemp-
ting
ecdysis

Oxygen
test
concen-
trations

(mg/1)

Lethal oxygen con-
centration (mg/1),
95% confidence li-
- mits in brackets

25°C

2.7

e

laminar

turbulent

2.6

e e — ]

132

W NN
. . . .
S O o O

N == Oo
s e e e e
S U1 o O

e — e ————

N o
cwvo o

== O O
L) L]
U O D

=~ Oo O
U1 O O

.

== OO
.
52 B P I

2.3 (2.1 to 2.4)

o e e o o e o o e e - ——

0.9 (0.8 to 1.0)

It was shown in the previous section that regression lines of the form:

where

1
Y =a+bX - cX)?

Y represents the "expected" lethal low dissolved oxygen concen-

tration,

a, b and ¢ are regression coefficients

X represents the water current speed, and
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Figure 37

1000-minute median lethal low dissolved oxygen concentrations for summer

Baetis harrisoni nymphs in laminar flow attempting ecdysis, in differer}t

water current speeds and at the following temperatures:

. «sduares - 25°C

regression line Y = 13.48 + 0.45 X - 4.34 (X)

il

circles -~ 2000
3 _ -

12,79 + 0.45 X - 4.34 (X)°

il

regression line Y

triangles  15°C

1

regression line Y= 12,55 + 0.45 X - 4.34 (X)°.

95% confidence limits shown for each median value,
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Figure 38
1000-minute median lethal low dissolved oxygen concentrations for summer

Raetis harrisoni nymphs in turbulent flow attempting ecdysis, in différent

water current spe‘eds and at the following temperatures:

0

squares -  25°C

circles - 20°C
. o

triangles - 15°C.

959% confidence limits shown about each median value.
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. Figure 39

1000-minute median lethal |low dissolved oxygen concentrations for summer

Baetis harrisoni nymphs in laminar flow not attempting ecdysis, in different
~ water é;ifrént spee.ds_and" ét:;th';ev following: ktemp'eraﬁirés;; e

o o
squares . - 25'C’

fitted line Y= 4,74 +.0.22 X - 1,85 (X)°

circles - 520?‘0 w

R

- fitted line Y = 2,804 0,16 X 1,00 (X)2 ~ .

15’

.trifaziiglles V E

2,26 + 0.11 X - 0,89 (%)%,

il

 fitted line Y -

95% -confidence limits shown for ‘each median value,. .

W e
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Figure 40
1000-minute median lethal low dissolved oxygen concentrations for summer

Baetis harrisoni nymphs in turbulent flow not attempting ecdysis, in diffe-

rent water current speeds and at the following temperatures:

squares - 250C

circles - 2OQC
: - o

triangles - = 15 C.

95% confidence limits shown about each median value.
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"in most instances provided a satisfactory des criptiohv-of the' <v)bse.rved rela-
tion between watér current speed and the minimal dissolved voxygﬂen require-
ments of Mnymphs. Lmes of this form have beén fitted to the data
shIOIWni_in figure 37, the estimates of b and c be‘i.ng pooléd in. fhe- three
equations. The lethal dissolved oxygen concentrations fo; nymphsvirll ’l'ami-i
nar flow attempting ecdysis shown in figure 37 ‘weAr‘e si-gnivfica‘t.ﬁtly ~hi.'gher:»

at '2SOC‘ than they were at either 150C or ZOOC. . At b'nly one of the ‘(;u_rrent
speeds tested was the lethali dissolved oxygen concentration. avt-2(")0C‘ higher |
than that at 15°C (p < 0.05). The value of a in the three régression-equa- _
tions iﬂcréaséd w1th iﬁcreasing temperature. | No realistic anal&é,is-of the
mathématical v:relation bétween exéefirriental t.emperauire and minimél_ disspl;
ved dxygen requiréfnents of t'he‘.‘ nymphs is poésible from the’ davta,'_availablvé
withéut detailed lcnéwledge éf vthe me.tabolic oxygen. requir‘en‘,ients of nyiﬁphs, ‘
which is not available. Thesé requir‘ements‘ rhust ﬁresumébly be"gr‘eatly |
ﬁlﬂuenced both by the temperatures af which. the ny,rjnphs 'havd be}en_ living

and by recent changes in 'temperature .to which.they had "been exboséd

(Fry 1964). | |

Regression equations of the form. shoWn in '-figure‘ 37 canv be fi‘ttéd

individually to each set of three points at -the same tempera'ture. in ﬁgures
38 and 39. However, the fit of these lines is- extremely poor then pooled -
, estimates! of the regression constants are used. Lines fitted to each set
of three points are shown in figure 39 but not iﬁ-figufe 38 Reasonable
approximations to thé data shown in figure 40 were not obtained by regres-
sion analysis. The lines shownv in figure 39 are unacceptable bééauS‘e' .they

suggest that lowest lethal dissolved oxygen concentrations might be found at
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a current speed of‘around 16 cm/sec end ‘that the dissolved oxygen require-
m‘ents of nymphs might inerease rapidly with increase in current speed over
abou.t 20 cm/sec, for which there _is no direct evideriCe.' These data do
not differ g.reatly. from those shown in figure 36 of the previous section.,

I the discussion of_figure 36 in the pfe‘vious section it was suggested -t_het
,vthe. points comparable to those shown in figure 37 might poesibly have been
uniformly lower than they oﬁght to have been._ : .This makes interpretetion
of the regress'ion lines difficult. -

No other acceptable r_egresSion lines could be found to fitv'the data
shown .in figures 58, 39 and 40.,‘. In'allv,v thevlet‘ha‘fl 'diseol'ved oxygen cori_
cenfrations estirﬁated were highest at 25OC and ‘lowest at 1'500, presuma- *
bly because the metabolic oxygen requ_irements‘of nymphs increased with
increasing temperature. Fig‘ures.v38 and - 39 suggest -that‘the. inﬂﬁenccé of
waterb temperature en the lethal dissolved oxy:gen 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 oxy;gen. concentrations estir_nated at different temperatures did
not differ very gfea'ﬂy, many more nyniphé were found .to moult at higher
temperetures. _Beeause 'nyrhphs attemptihg ecd'ysi‘.s Were less tolerant of
low dissolved oxygeﬁ levels than.were nyniphs ne't attempting eedysis, the
total mortality rate ihcreas_ed vefy ﬁerkedly' with'incr‘ea.sve .invtemperature,

The inﬂ_uence_'of 'temperatﬁre on the relative numbers ef_ surﬁmer

Baetis harrisoni nyrvn’phs'i attemp_ﬁng eedysis is illustrated in figure 41,

Numbers of nymphs were collected and distributed at random among gauze

’

L
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Figure 41

Numbers of summer Baetis harrisoni nymphs attempting ecdysis ‘
during 1000 minutes in the laboratory at different fempérafmreé

(the results expressed per cent)
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trays suspended in aquaria in which the water temperature was maintained
at 15°C, 2OOC and 25°C. ‘Algéi food was suppiied and thé water kepf in -
motion.  After a day the nymphs were transferred to clean gauze trays A
“in water at the same temperature, The water was agam kept in motlon
but food was not supplied. “AAfterAAIQOQ minutes »the animals were removed
and the number of nymphs that had either moulted or had begun to moult
in each tray was established. | | o f

The fact that aifferén'§es ‘both in tﬁé'lethal iov} dissolved oxygeh con-
centration for nymphs in and out of ecdy‘s‘is» and in thé reléitivé ﬁuinbers of‘
nymphs attempting ecdys1s mﬂuenced the total mortahty rate m low dissél-
ved oxygen concentratlons at 15 C 20° C and 25 °c is 111ustrated in ﬁgures
42, 43, 44 and 45. Flgures_flz, 43 »and 44 show mortallty (in ecdysis, out :
of ecdysis and'to‘tal)Afo.r experimental groups held at'dvif’fere‘ntv iow dissolved |
oxy gen Qco,l}ce_ntration‘s ina laminar flow of 7 cm/sec at 150, éOQC and 250C;
Each of thesev threé figufés :ié plotted on probability’ paper, Wii:h ordinate
| values simovm per. cénf; but the ordmate in fact being a probit scale. 'lfhé
straight lines A and B in each figure are fitted probit rxi(jr»tality lines, respec- -
tively for nymphs out of ecdysis and in ecdysis, from whiéh the médian lethai
values shown in tables 46 and 47. were calculated. The sihuaté line C in
each figure was calculated as:

(prob1t) prob1t (Y A(per cent) o+ EY (per cent):}

for each dissolved oxygen conoentratwn (X, rwhere
Y is the ”expected" total mortality, here plotted on a préb_it écale,

C

Y VA and Y B represent "expected' mortalities respéctively out of
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~ecdysis and in ecdysis' calculated in probits from the probit
| lines A and B and here converted to values per cent
E is the proportion of nymphs expected to attempt ecdy31s at the
test temperature (from flgure 41)
‘A ?(, test has shown the agreement between observed total mortahty and
"expected' -YC to be vsurvpmsx‘ngyly geod in each m_stance. ; S1mxlar fxgures
drawn fdr the other tests,'Summarized m ﬁables 46 end 4? V,b’ut riotfshom' “
hexfe also showed a reasona}dle fit betweeddbserved 'tdta.l ;pOrtality and Y c
Empirical estimates of the low dissolved oxygen cencentrations ex-
pected f:o cause a fotal of -50 ‘pe‘r ce;ifef ammals to die after v‘lOOd minutes'
exposui'e may be read off each 1Vi11ekC in figures 42; 43 and 4. In
figdre 45 these are compared with the n'iedian ie‘thai velues“ for nymphs in
and out of ecdysis. As may be 'seed, the median lethal 'ievels for the
total populatien increase more rapidly W‘ivth”‘incrieasing temperatufe than
do the ededian lethal levels ‘fdr nymphs: either in Aer‘out of ecdysis. Com-
parison thh figures 42, 43 and 44 shows the increased total mortality at
high temperatufes to have resulted from the fect_ thatv more nymphs attemp-

ted ecdysis.

CHOROTERPES AND TEMPERATURE .

‘Mediah ’uli):per 1ed1ai ,.temperetures foreummer Chofotefées buganden-
‘ §_:g§__ at three different‘dissolved oxygen 'vVCOneetx'tretiOns are ‘shof,\é;n in table 48.
‘Thie expe?ime‘nt Was aiso ca‘rbrie'd‘out ;.ﬁeeemeal'over' ee'veral" daye. Tubes
~ of internal diehieter 28 ém were used,‘ .tﬁrough Wthh a wetep current speed

of 15 cm/sec was maintained, at which Speed: the flow was turbulent.  As
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Figure 4‘2

Mortali@ of summer ]SaetisAhafriSOni’ nymphs at different Tow
‘dissolved oxygen conéenfrations 'at 1500' in laminar water . ﬂow;
| of ?“cm/‘s‘ec: |
op'en circles and line A _ nymphs not in ecdysis
closed cirélés‘ and line B - nymphs in ecdysis
shaded circies and line C- tota.’ll‘.

For explanation see text,
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Figure 43

Mortality of summer Baetis harrisoni nymphs at different low
dissolved oxygen concentrations at 2000 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 44

. Mortality of summer Baetis harrisoni nymphs at different low

~ dissolved oxygen concentrations at 2500 in laminar water flow

of 7 cm/ sec:

" open circles and line A - nymphs not m ecdysis
closed circles and line B - nymphs in ecdysis
shaded circles and line C - - total.

 For explanation see text.
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Fikure=455

Median:-1éthal :low  dissolvedsoxygens concentrativnssférssummer

Baensharmsomnympps:.:mlémmar:water“ﬂ’bwwofﬁ "Ecm/secr:
»ai315§é§»202b;and§25263Q “ | |

| opencn"cles;; — ammal@mnhmsecdysrs»
closed: c1rcleSx - ammals::mecdysrs:

shaded ‘circlés: -- totall..

- Forr explanation= see: text,

R
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TABLE 48

1000-MINUTE MEDIAN LETHAL UPPER LETHAL TEMPERATURES FOR
SUMMER CHOROTERPES BUGANDENSIS NYMPHS AT DIFFERENT CON-
CONCENTRATIONS OF DISSOLVED OXYGEN

Dissolved Numbérv i Test ' Isethal tempe‘ramre
oxygen of temperatures ¢ C), 95% confidence
(mg/1) nymphs (C) : limits in brackets

8 160 35.6 - 36.0 (35.8 to 36.2)

4 160 ‘ 35.4. 35.6 (35.4 to 35.9)

1 160 34,8 34,9 (34.7 to 35.2) -

may be seen, the upper lethal temperatures of these nj}mphs were reduced
significantly at 1owér concentrations of dissolved oxygen. As in ﬁhe case
Qf bther experiments irfvolving this species, the nymphs attempting ecdysis
during thé experiment were not found to be less tolerant than thpse not in

ecdysis.

BAETIS AND TEMPERATURE

The results of the present study have revéaled striking res‘émblance‘s
between circumstances and 'symptoms of mortality of _I§a£ti__§_riymphs at high
temperatures and in low dissolved oxygen concentrations, In bdth cases
nymphs in ecdysis were found to be significantly lesé tolerant than were nymphs

out of ecdysis. In 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 harrisoni nymphs.were compared at different dissolved oxygen 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 HARRISONI NYMPHS ATTEMPTING’ ECDYSIS.

Dissol-
ved

‘oxygen
(mg/1)

Water
current
speed
(cm/sec)

| Nature
of
flow

Tube
dia-
meter

(cm)

Number
of
nymphs

- Test
tempe-
ratures .

Lgthal temperature
('C), 95% confidence
limits in brackets

8

S ——

2.7

S v ——

laminar

2.6

Lo s im s e e e e

A o T ——

—— i S s s . o

152

™

R . T

o . s o o i e s

R

e e e e o s

e s o 20t o o 2 v o4

24.0 (23.6 to 24.4)

e s s - " oo T 1o, 9 7 ot oo o




-2

52.

TABLE 49
D;g:c;)lg Watert Nature ‘I(‘;be Number | ie}:sé Léathal temperature
oxzrgeﬁ C:;ZZE of ‘meliia; of ramz‘e-s (C), 95% condifence
flow nymphs 0 limits in brackets
(mg/1) | (cm/sec) (cm) ymp ( C) ‘
39.1 (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 L
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
8.0 | turbulent| 5.0 161 24,0 25.4 (25.2 to 25.6)
: : 24,5 B
25,0
___________ 25.5
14.8 | turbulent] 2.6.| 148 24,5 25.8 (25.5 to 26.0)
~ 25,0
25.5
————— 26«_}0
39.1 | turbulent| 1.6 164 24,5 24,6 (24.3 to 24.7)
25.0 / .
25.5
126.0
4 2.7 laminar 2.6 156 17.0 lethal at all tempe-
18.0 ratures '
19.0 :
e e I A 20 I 2L
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TABLE 49 (cont)

-Dissol-
ved

(mg/1)

oxygen

Water
_current
speed
(cm/sec):

Nature
of
flow

Tube
dia

(cm)

meter

Number
of
nymphs

Test
tempe-
ragures

(<)

Lethal temperéture (OC
95% confidence limits
in brackets

7.0 la'mmar

- oo s v 3 21 0§

- v - oo o ot e 2ot e e

e it ot s o e e

- s o o o

1.6

" s "

b e e o i gt e

176

fo s o o e s e

[ S
.
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-
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e s o e reve . s

[N

.

[

B
c.n:lzu\-&:sco

Do
o O e Ut

o b . . . . ]

'23.3 (23.1 to 23.5)

L e e e o o e v S i e o g o o o

T ]

24.3 (24.1 to

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 f. pire Tube | vumber | T 1ethal temperature®c),
ved current , dia- tempe- 1 s
: of . of 95% confidence limits
oxygen | speed flow meter nymphs raures in brackets
(mg/1) |(cm/sec) cm) TP )
8 2.7 |laminar | 2.6 | 139 28,0 28.6 (28.4 to 28.8)

28.5
29.0
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TABLE 50 {(cont)

Dissol-
ved

oxygen

(mg/1)

Water

current.
speed

(cm/sec)

Nature
of -
flow

Tube -
dia-
meter
(cin)

Number
of
nymphs

| ratures

Test
tempe-

o
@]
gl

Lethal temperature(’C),
95% confidence limits
in brackets

8

. =

wvn. mm o o tovn mam o o oy

7.0

- e o e s

laminar

LR T —————

v s o oo o

—— o~ - ]

turbulent

1.6

T p——

e . s s s e s 9

Lo o e s s s e s

135

fr o e o e e o

e s e o
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TABLE 50 (cont)

Water
current
speed

© Tube
dia-
I'meter -

Dissol -
ved

oxygen

(mg/1)

‘Lethal 'té‘mperature(OC),
95% confidence limits
~ in brackets

Number
of
nymphs

Nature
coof gy

flow

(em/sec)

(cm)

6

14.8

turbul ent

turbulent

2.6

e e s e e e e

124

- ot i s o 7 o

28.7 (28.5 to 29.0)

28.8 (28.6 to 28.9)

2.7

e

S PR PSR

‘laminar

il s e s s o

PO SONP SUL Sy

e o o v o o8

‘turbulent

2.6

R L .

b o s e e e v e s
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this expei‘ir_nent, Baetis harrisoni ny'mp‘hs after 24 h‘ou‘rs' 'inA‘ the lahoratory

at 2000 in oxygen saturated x}_vatér were exposed to differéﬁt fcombinations of
tempe'réture, dissolvéd ’oxfgen and water chrrent speerd.' k: Mortahty at’ each
cqmbinatiéh of these factors was ﬁbted bo:th‘ for _hjmphs attemptmg gnd ‘r‘lot ‘
attempting éVcdys‘is.’." In the previous’experiment it had beéd fouixd‘thét the
dissolzved' oxygén‘ c&ﬁcejntraﬁipns which were lethal for‘ ny‘nbw_phs‘ in and oﬁﬁ of

‘ ecdysis were suffiéi‘ently diffexfent from one another to make it 'necessar}; to
usé ‘différent;\tes“t le'x?éis of ‘dis‘vsolv'ed oxygeﬁ for each. The séme difficulty ,
was 'e:‘{perienc‘ed in thi.si éxpériinent. Different test.terhperaturrkes‘had to be
used for;ny‘mphs fin:an.d*‘oui: of eédysis. These results cbﬁfirm that both

dissolved oxygen concentration and"‘watef current speed “‘inﬂuen‘ced the morta-

lity of 'Béetis harrisoni nymphs at high tempera'mres{
DISCUSSION
o ;Fr'om the reéults presented here it seems ‘clearf_that ftemperature,

dissolvéd. bxygen con‘centratién and water currenf speed joi;itly é‘fféct the

survivalv of EBaétié~'ﬁa;'ris§ni 'ﬁymphs ‘in a yédmewk}ét pémf)lex 'mahnér. »How; o

ever, effoffé to dési;;éibe tﬁése joint éffécfs' in'simple "metham-a'iticak;l te:rms',‘

and in sodoin‘é‘to d'rawg iﬁference aé 7tvc§'t‘he 'mechax;iSjm of t}iéif fintéraétion, V

have 'been unSu'écéséfﬁl‘. “‘The equation describing 'the,'cur;ént‘Speed/low 0Xy - 3

gen/high ‘t‘empel"ature \tblérarice zone for nymphs of tlns speciesy should include

mnctionsrfdrf:;su-ch factors as |

(a) the 'ra:t‘:e' of diffusion of bﬁygen to the njf‘mphs‘,, as \in‘ﬂuenced‘ by water
’ﬂowcondii:iohs,-f which can not be predictecf fof thé circumstances bf

" these experiments
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(b)  the metabolic ‘Q}gfgen*requirements of nymphs at di—ffefent stages in
their life history, which are not known | |
{(c): the metabolic oxygen requirérﬁents of nymphs maiﬁtainiﬂg their posi-
tion in different current speeds, also unknown B
(d) the ‘rﬁetaboiic oxygén reciuirements of nymphs at diffex‘entfemperaﬁxfes
' a:ﬁd during acclimation to changed temperature, ’aI_S'o unknown ahd shown
by Fry and Hart (1948) and Woynarovich (1961) often to -be coﬁplex.
It is clear from the complexity of the situation that observed data might be
difficult to represent with a simple equation, On the basis of field obser-
Vations and laboratory rearing of the numbér of steni‘)thermal‘Leptophlebiidae,
Pleskot (1953) has in fact suggested thaﬁ death of these animals at higher
temperature was »éauéed by asphyxiation. She also found nymphs to be most
Suséeptiblev to high temperature and oxygen lack during ecdysis and as last
instar nymphs, |
- Somewhat similar observations were made by Zahner (1959). Hé
found nymphs of a specigs of the dragonfly genus Agrion to be restﬁcted to

cooler water by ‘oxygen,lack at higher temperaturés. " If relatively widespread

species such as Baetis harrisoni -ai'e limited in this way by oxygen lack at
high' temperatliresi the same ‘might apply to even greater degree to the many
insects whose distribution is limited to cold and torrential mqunﬁain st.reams.‘
Thése épecies are niostly revealed by this distribution to be stenof;herrhal and
typically only sur‘vivé in well 'O};ygenated and swift. ﬂdwing-ﬁ&ater (Illies and
.,BotoSaneau 1963). The South African forms include several Tspecies of Baetis
(:Harrison" 1965b). Smdies of the oxygen requirements and’te'mperamre toleran-

ces of these animals would be of great interest.
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Comparison of tables 46 and 47 with 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 pdssible

current speed/ dissolved oxygen/ temperature tolerance zones for Baetis

nyinphs in ecdysis, respecti'éely 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 illustrat,'ed in
fig‘ures‘ 46 and 47 were due mainly to the observation that summer Baetis
harrisoni nymphs at 2500 were ablev to tolerate fairly low: conceﬁtratians of
~dissolved oxygen. ‘ Duxiﬁg winter, and on several oc:casions,in summer as
well, nymphs of this species. were found to die at 25°C in Watef SAturated
with oxygen, even if the temperature was raised very siqw1y¢ ‘ ThlS suggests
that the summer nymphs fdund in the experiment described here to be tole'rant'b
of low dissolved Qxygen concentrations at 25°C were more than usually tolerant
of high'temperaturés 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

af certain times of 'year were found to bé fai‘ more toléfa.nt of higﬁ té'mpera_
tures than were nymphs collected at other times.  Nymphs v?ere not ever
found to become as tolerant through acclimation over a 'few days to high tem-
perétures in the laboratory and Yadjustments to temperature that; f,ake Apart Qver’
‘rﬁuqh 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 conjecfural and illusé:rate
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 oxygen 'con.c'entratiorns vf_or su‘mmérﬂ Choroterpes.
_nymphs were not influenced by vdifferenc‘eé in Wéter currént speed biit -
were "mcreased'b;’r 0;02 to 0.06 mg/1 in stagnant water;

2. Lethal low dissolved oxygen (yzoncentrations' for SUm‘rﬁéf Ch'orotérpes
ny'mphs were“ reiati'vely low at 2500 (average 0.46 -mg/1, 1n ﬂﬁ\?ing ,

- water), highér were at ZOOC (average 0. 54 mg/l in ﬂowing‘ water)

: ana ‘even higher at 25°C (average 0.70 mg/l in ﬂo\wing water). |

3. Le‘thél Vlow‘ dissol‘éed‘oxygen concentratiqns fbr summér' B,..%,‘,?,F&E nymphs
were- relative’ly high in water Aﬂowing at 2.7."cm/sec (fr‘orﬁ 6.3 mg/1
to well ;abové saturation for nymphs in ecdyisis and from 1.1 to‘ 2.2

mg/l for.ny:ﬁphs not in ecdysis, dépending on teﬁperature) and rela-

, 'tiv'el‘y 1ow in wat& flowing at 14.8‘;':0 39.1 cm/sec (from 1.9 to 2.3
mg/i fér nymphs m eédysis and from.O.S.to 1.0 mg/lnfor nymphs not
in ecdy31s in 14.8 to 39.1 cm/sec water ﬂow, dependmg on the tem-
perature and the speed and nature of the ﬂow)

4. Lethal low dissolved oxygen concentratmns for summer. ggx_.egs;ﬁy'mphs.
were lower at 15°C ‘(from 1.4‘ to 6.3 mg/1 for nympﬁs in ‘ecvdysti's and
from 0.6 to 11 mg/1 fér n).rmph's not in eodysis, depénding on current -
speed) than_théy were a;t 20°C (from 1.5 to 7.0 ‘n;g/l for nymphs in

ecdysis ahd from 0.6 to 1.6 mg/l for nymphs not in ecdysis, depending
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Figure 46
| Conjectural tliree-dimensional representation of the possible median

limits of toleranceit‘;af combinations of dissolvedvoxygén, temperature

and curr‘ent‘speed‘b}; nymphs of Baetis harrisbni in laminar ﬂow
attempting ecdys'vis,k' ésfvsuggested by:
open ci‘:r"cvles, ' - uppér lethal temperamres of winter nymphs ,
at different dissolved oxygen concéntrationsw
and ,currént speeds
' clésed circles r lethal low dissolved oxygen c_oncentraticﬁs :
of summer nymphs at different temperaturé_s :
and current speeds.
Soiid lines ccnﬁecvti':ob‘s‘efved poi;its. Conjectural lines are Eroken.

For explanation sée 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 harx‘isoni'ivn turbulent flow
attempting ecdysis, .‘asf suggested hy:
open circles - upp.ef lethal temperatures of.w'ihtef nym’phs
at different 'dyisg‘;ol’véd o@gen Vcoﬁcent‘:rations
and vc;urrent : spegds
closed circles -  lethal low dissolved oxygen cbnceﬁtrations
‘ of sumﬁlervnymphs ‘ét ‘differelnt} tempera-
tures and cﬁrren;t Speeds. -
Solid lines connect observéd points. Conjectural lines ai'eA broken.

‘For explanation seé» text.
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on current speed) and highest at 25°C (from 1.9 to well above satura-

tion .fo"rv nymphs-in ecdysis and from 0,9 to 2.3 'mg/i- for nymphs not

_ in iecd_y‘s_is:,_. depending on current spe‘ed'). a

o Upﬁer‘ léthal 'te'mperatures foi'isumm‘er ;ChOrOberpeg' ‘were highest in wa-

ter containing 8“mg/lh"c1;issolv'ed oxy'ge'n‘.(f.iﬁ‘é‘;' 60(}:)‘, lower in 4'mg/1vdijssol_
ved .OXyg'eh'(SS.‘GOC) and evén _:lowel.": iﬁ'l,lmgﬂ»-diés_gﬂyed ‘.(:)'Xygeri (34.'900“).'_
Upper lethal te'mperattt‘1:1.'es .fo_r mnter_lggﬁgg_ nymphs Were relafi_x}ely

low iﬁ water flowing at 2.7 cm/seé _I(f,r.oniA lessthan 17% .tq 24_;:000

for nymphs in ecdysis ‘and from 25;6dC toi'2,§._'600 fdr "ny'r‘nphs not in
ecdysis,vdependin.g .'on _dissolved oxy'geh: ésnéénﬁrétioh) and higher in :
water flowing at 14.‘8' to 39.1 cm/sec (frérﬁ 24.3°C to 26. 8°c foi
nymphs 'in':ec'dyvsvis and..frdm 27.1°C At'c>> 29';49VC.for nymphs not in

ecdysis, depending on dissolved oxygen c'oncen,tration‘an‘d on water

current speed).

Upper lethal temperatures for winter Baetis were highest in 8 mg/1

dissolved oxygen (from 24,0°C to 26, 89(_3 for Iiy'mphs in' ecdysis and

“from 28.600 to 29.4°C for nymphs n_ot'ih".ecdysis_,' depending on cur-

rent speed), lower in 6 mg/l dissolved oxygen (from 20. 9°C to 25.8°C
for'nymphs in ecdysis and from 27 2% to _28.800 for nymphs not in

ecdysis, depending on current speed) and lower still in 4 mg/l dissol-

" ved oxygen (from less than 17°C to 24.5°C for nymphs in ecdysis, de-

pending on _cur-vrer‘it, speed).
Baetis nymphs in. ecdysis were invariably lessltolex_'ant of either low

dissolved oxygen concentrations (S‘ée' 3. and 4. above). or high tempe-
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ratures (see 6 and 7, above) than were nymphs not in ecdysis. Choro-
}_@2(_5_@__ nymphs in .becdy_s-i'-s”'wéré._not less: tolerant than those not in ecdysis .
Summer _B_ag_t_i_g_n&mphs tolerated combinations of low dissolved oxygen
and high temperatui‘e in whiéh winter nymphs all died. ‘It is . sugges-
ted that differences in b'xygen-tefﬁpératuré tolerance between summer

and winter nymphs ’résult_ed -frqm :acclimaﬁv_zétion. to thé témperature

r'egi_niés- of the streams in which they had been living.



BEHAVIOUR OF BAETIS HARRISONI AND CHOROTERPES BUGANDENSIS
NYMPHS UNDER DIFFERENT CONDITIONS OF LIGHT, TEMPERATURE,
DISSOLVED OXYGEN AND WATER FLOW

INTRODUCTION

In previous sections experiments are described in which the water

current speed, temperature and low dissolved oxygen tolerances of nymphs of

Baetis harrisoni and Chorbterpes bugandensis were inveétigated. In the course .
of these investigations a nu‘mber of quite casuall‘obser{ratioﬁs weré made of Se-
haviour of these nymphs in d:ifferentvsimations. Some of these observations
relating to the reactions of nymphs té different c‘onditions of 1ight,' Wager cur-
rent speed and diséolved"confczentrétigin_are ciescﬁbed ’hexi'e. The observa-

tions are also diséussea m ;;elation to what :is no‘w{ kndQn of' the environmental
tolerances of the g:wo species. | |

Verrier (1945, 1954) :has Said that‘ nymphsv;‘t‘)f'gdi;fferqnt ‘Ephemeroptera

react variously and chamcter‘isﬁically: to" Iiightv;”wate‘ik:"chrrentVs', ,t,emp'leratures

and dissolved oxygen concentratibris.v_:‘_ She héS‘éesérib‘ea ‘\wayg in which these
reactions are reflected m the di‘stribution’ ?){f“fciiffgfent épeéies. Ambiihl (.1959)‘
has discussed ,béhaVbﬁi'a} adaptati:ons ,"of a nﬁmbé‘rpf .Ephémerop‘téra and Triéhop-
tera to life in ﬂgwing water.  He hésf ‘si;o‘\énA‘th‘at these animals héve avéilable
to them a wide range of flow conditions and are able eé.ch té findk on and among
stones on the stream bed :tﬁe conditions thé& requiré. ‘ Aggregatiohs of Epheme-
roptera and other animals on particular stdnés in a stream oftg:':ﬁ appear to be
the result of their reactions to flow conditions. ‘S‘i'muliidae in'paifticular tend

to aggregate to a mafked’ degree, because they apparently require ﬁarticular
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flow conditions for the collection -of food from the ﬂowing water (Phillipson
1958).
,Hi_xghés_ (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-

lium larvae in watef containing less oxygen than 25 per cent of saturation
to detec't‘ and to move into aerated water. Costa '(1967) has sho§vn that
.Ga;m'mérus are able to detect low concentratiqns of oxygen in water and

and also to move into aerated Water. Moore and Burn (1568) found they .
could only explain the survival of invertebrates in é deoxjgené.ted pond if

it was assumed thé.i:-t}iese aniﬁa.ls had been able to seek out pockets of less

'vdeoxygena’.ted water,

MATERIAL AND APPARATUS

Baetis hafrisoni and Chorot_erpes. BiigéndéhSiS:'_nYmi)'hs;r'espectilvelx
were collected aﬁd'obser'ved in the Braamfdhtéin Spfuif;_ near Johénnesburé
and the P;iénaar,s.'River near Pretoria.  Several of the lébOré.tory observa.x-v
tions Of ‘behaviour of these nymphs' were carried out 1n a pefspex tube about
40 cm long with an internal diameter of about v6 cm, | This apparatus is
illustrated in fvigu.re.'48. Water could be recirculated through the perspex
tube via a plastic open channel connected to each end of thé perspex tube

by means of a plastic vertical pipe. A slow flow of watef through the





































































































































































































































































































































































































































































































































































































































































































