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Abstract

Temperature data are presented from the littoral zones
of two lakes in North Wales, Llyn Coron and Llyn Dinas.
Recording, mainly on a continuous basis, was over a two
year period. Despite their different situations, the lakes
had similar temperature regimes. Regional weather fac-
tors were of greater importance than local variations.

However, some differences were present, especially

during the summer months. Laboratory experiments
were conducted to determine the temperature relation-
ships of Nemoura avicularis Morton (Plecoptera) and
Leptophlebia vespertina (L.) (Ephemeroptera), com-
mon species in Llyn Dinas but absent from Llyn Coron.
Aspects considered included nymphal temperature toler-
ance and the effect of temperature on egg development
and emergence. From the background of the results, it
was concluded that the differences in temperature regime
between the two lakes were insufficient to explain the
absence of the two speciesfrom Llyn Coron.

Introduction

The distribution of many animals would appear to be
limited by temperature. Although the relationship is
sometimes indirect, temperature is obviously a factor of
great ecological importance. Temperature may influence
the distribution of a freshwater organism in one of two
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main ways; either temperatures may be lethal to a certain
stage in the life cycle, or the growth rate of the animal
may be affected, such that its life cycle is not synchronised
with other environmental parameters. Obviously, these
two are linked in many situations.

Temperature was one of the factors considered in a
study of the distribution of lake dwelling Plecoptera and
Ephemeroptera in North Wales (Brittain 1971). Special
attention was paid to Nemoura avicularis Morton
(Plecoptera) and Leptophlebia vespertina (L.) (Epheme-
roptera). Two lakes, Llyn Dinas and Llyn Coron, were
selected for intensive study since both species were com-
mon in the former lake but absent from the latter.
Temperature as a possible factor producing this distribu-
tion was investigated by a combination of field recording
and laboratory experiments.

Although a number of studies have now been carried
out in Britain on the temperature conditions existing in
small lentic water bodies (Macan & Maudsley 1966, Moss
1969, Martin 1972) and in running waters (Macan 1958,
Smith 1968, Crisp & LeCren 1970, Langford 1970), few
investigations have been published concerning the tem-
peratures prevailing in larger water bodies. The only data
are those given for Scottish lochs by Gorham (1958) and
for Windermere by Jenkin (1942) and Macan (1970). The
last mentioned reference refers to daily spot readings
taken by the shore of Windermere and the other two
concern recordings made from above the deeper parts of
the lakes in question. In the present study recordings were
made, largely on a continuous basis, in the littoral zone;
the region where Plecoptera, Ephemeroptera and many
other aquatic insects have their greatest density. Condi-
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nearest meteorological stations to Llyn Dinas and Llyn
Coron were Cwm Dyli and Valley respectively. The
former is situated in the Gwynant valley 5.5 km. from
Llyn Dinas and daily maximum and minimum air tem-
peratures and rainfall data were available. From Valley,
8 km. N.W. of Llyn Coron, a considerable number of
parameters were available, many recorded on a con-
tinuous or hourly basis.

Comparison of temperature regimes in the two lakes

Introduction

To investigate the possible effects of temperature on the
distribution of Leptophlebia vespertina and Nemoura
avicularis, it was necessary to determine the temperature
regimes existing in Llyn Dinas and Llyn Coron. The tem-
perature of these two lakes was measured, mostly on a
continuous basis, over a two year period from June 1968
to June 1970. Recordings were made continuously as,
particularly during the summer months, it may be of
importance whether a certain maximum temperature is
maintained for several hours or even days, or is attained
only for a short period. Weekly or even daily maximum-
minimum reading would not distinguish these two
situations. Spot readings are of even less value unless the
diurnal temperature pattern is constant and well-known.
(Macan & Maudsley 1966). Recordings were made onthe
substratum in the littoral zone of the lake at a depth of
about 0.4 metres. Either surface or mid-depth tempera-
tures, those often given in limnological investigations,
would not necessarily be the temperatures experienced
by the eggs and nymphs of mayflies and stoneflies.

Methods

Three types of instrument were used in measuring the
temperatures in Llyn Dinas and Llyn Coron, the first
being two Cambridge thermographs. These instruments
recorded continuously, but the mechanical clock only
ran for 7-10 days and so the clock had to be rewound and
the chart replaced about once a week. The recorder itself
was housed in a wooden box to protect it from the
weather. However, during periods of heavy rain at Llyn
Dinas the lake level often rose very rapidly, flooding the
recorder owing to the lead being only 2 metres in length.
After about 18 months’ continuous use in the field the
mild steel capillary system became too eroded to be of
use. (A capillary system in stainless steel is now available.)
Thermographs were in operation at Llyn Coron from 11

June 1968 until 29 January 1970, and at Llyn Dinas from
11 June 1968 until 2 October 1968.

Mid-way through the study a Grant miniature temper-
ature recorder was used. The thermistor probe was
covered in stainless steel and recorded for 30 secsevery 30
mins. Although more expensive than the thermographs,
it had several advantages. Being smaller it was more
easily concealed and protected from the weather. The 20
metre lead prevented flooding of the recorder, while the
chart and mercury battery had to be replaced only once
every three months. This instrument recorded tempera-
tures at Llyn Dinas from 16 May to 20 August 1969 and
from 14 October 1969 until 11 November 1969; and at
Llyn Coron, during 1970 from 29 January until 12 June.

During the periods when two continuous recorders
were unavailable a maximum-minimum thermometer
was used in Llyn Dinas. It was read and re-set weekly, and
was in use from 7 October 1968 until 16 May 1969, from
20 August to 14 October 1969, and finally from 11 No-
vember 1969 until 16 June 1970.

All the three instruments were checked regularly
against an accurate mercury thermometer. The record-
ings were made on the N.W. shore of Llyn Dinas adjacent
to the road and on the N.W. shore of Llyn Coron 100 m.
from the outflow.

Results and Discussion

The temperature recordings obtained from Llyn Dinas
and Llyn Coron are summarized in Fig. 2. During the
two years of recording from June 1968 until June 1970
each lake passed through two complete temperature
cycles. Both lakes were warmest during June, July and
August. Then temperatures fell gradually until the
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Fig. 2. Monthly maximum and minimum water temperatures
in Llyn Coron (e ®) and Llyn Dinas (B N),
July 1968-May 1970.
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12th

Fig. 5. Water temperatures in Llyn Coron (® ®) and
Llyn Dinas (®- W), and air temperatures (o 0)
and wind velocity (e *) at Valley, 9-13 June 1969. A
vertical arrow indicates 1200 hours G.M.T.

This type of situation is clearly seen in Fig. 5, which gives
hourly temperatures in Llyn Dinas and Llyn Coron
during a period of fine weather.

Absolute differences in the number of degree hours
above 0°C. between the two lakes are greater during the
summer. The values are given in Fig. 6. The overall
difference is 8% which means a difference in the region of
7,000 degree hours per year. This corresponds to an
average permanent temperature difference of 0.83°C., or
alternatively to a 3-4 week time period.

The importance of air temperature in determining
lake temperature is clearly seen when Figs. 3 and 4 are
compared with Fig. 7. The first point is that the same
major peaks and troughs are reflected in air and lake
temperatures from both areas. However, absolute air
temperatures are lower in Cwm Dyli. Most minimum

15,000
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H | | :
3 | | ‘
g 0] ‘
5000+ | [ ‘T
N ‘
| ! \ = ; ‘
EEEEEEE RN |
ol Ll L] L L 1
JASONDJFMAMJJASONDUJFMAM
1968 1969 1870

Fig. 6. Monthly totals of degree hours above 0°C. for Llyn Coron
and Llyn Dinas, July 1968-May 1970. With the exception of
February 1969 and 1970, the higher totals are from Llyn Coron.

temperatures at Cwm Dyli are under 10°C. The position
of Cwm Dyli in the steep sided Gwynant valley no
doubt leads to frequent temperature inversion. Maxi-
mum temperatures also differ, again being higher at
Valley than at Cwm Dyli. This may be explained by the
blocking of the sun by the mountains for part of the day
and by the formation of convectional cloud around
Snowdon and the neighbouring peaks during fine weath-
er. Comparison of the daily maximum and minimum
temperatures in the two lakes shows that minimum air
temperatures have a more pronounced effect upon lake
temperature than the maximum air temperatures. In
Fig. 5 the short-term relationship between a number of
parameters recorded at Valley and the temperatures
prevailing in Llyn Coron and Llyn Dinas is plotted.
During the first three days air and lake temperatures were
well synchronised at Valley and Llyn Coron respectively.
However, on 12 and 13 June the situation changed. What
was before a more or less constant breeze, producing
mixing of the surface waters and the littoral areas, di-
minished, especially during the critical cooling down
period after midnight. Therefore, minimum tempera-
tures in Llyn Coron were higher on 12 and 13 June. On
13th, when temperatures did not fall below 20°C. during
the night, day lake temperatures equalled or even exceeded
air temperatures. Over a longer period the residual heat in
even a small lake can also be noticeable. For example, in
Cwm Dyli temperatures began falling by the end of
August 1969 (Fig. 7), but in Llyn Dinas there is no such
clear indication (Fig. 3).

The rate of water renewal is undoubtedly more rapid in
Llyn Dinas than in Llyn Coron, owing to the presence of
larger and faster-flowing inflows resulting from steeper
terrain and a higher level of precipitation in the catch-
ment area (Fig. 1). The inflowing water will also be cooler
in Llyn Dinas because of its origin at higher altitudes and
its rapid progression down into the Gwynant valley.
There is unlikely to be a major warming of the waters by
their passage through Llyn Gwynant as this lake can be
seen, as can Llyn Dinas, as an extension or widening of
the river Glaslyn. Liyn Coron is more circular in shape
and thus there will be less tendancy for the formation of
a through current.

Wind may have a stronger influence on Llyn Coron,
which is situated in open terrain exposed to the prevailing
south-westerlies and is only 3 km. from the coast. The
Gwynant valley runs SW-NE, but Llyn Dinas is situated
further inland. However, an accurate assessment of the
comparative effect of wind on the two lakes is impossible
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laris taking place in April and that of L. vespertina in
early June. Their eggs hatch in about 3 weeks at tempera-
tures prevailing in the field at the time of incubation.
Thus the majority of the year is spent in the nymphal
stage. For N. avicularis, the three warmest months, June,
July and August are spent almost exclusivly as early
instar nymphs. In the case of L. vespertina both eggs and
nymphs are present during the three warmest months.

Total Life Cycle

Eggs of Nemoura avicularis kept at a constant tempera-
ture of 20°C. hatched in 12-16 days, while those kept at
lower temperatures took longer to hatch. For example,
the incubation period was 26 days at 15°C. ind 20days at
the temperatures prevailing in Llyn Dinas at that time
(between 12 and 21°C.) (Brittain 1973). However, the ad-
vantage gained in rapid hatching was soon lost. After the
first few instars the nymphal growth rate at 20°C., as
compared with a population kept at field temperatures,
decreased considerably (Table 2). Ultimately none of the
nymphs reared at 20°C. emerged. Those which survived
the mortality of the first few weeks remained in the
nymphal stage as late as July when the last few nymphs
died. Nymphs kept at normal field temperatures
emerged mainly in March and none remained in the
nymphal stage beyond early April. Thus N. avicularis
was unable to complete its life cycle at a constant tem-
perature of 20°C. No similar experiment was conducted
with L. vespertina owing to the shortage of eggs. How-
ever, some nymphs were reared at Llyn Coron tempera-
tures and their growth was normal and emergence oc-
curred at the appropiate time.

Table 2. Mean size (in mm) * standard deviation of laboratory
populations of Nemoura avicularis at 20°C. and at field tem-
peratures (Llyn Dinas). Number of nymphs are given in paren-
theses. 2

(s}

Date 20°C Dinas_temperatures
1 May 0.48 + 0.0u

14 May ~ 0.43 + 0.04 (10)

21 Aug _ 2.96 + 0.47 (10)

27 Oct 3.65 + 0.u8 (30) 6.07 + 0.64 (10)

21 Dec HL4E £ 0.64 (23) 7.30 + 0.83 (10)

25 Feb 5.05 + 0.60 (10) 8,80 + 0.63 (10)

10 Apr 5.70 + 0.u45 (3) All emerged

4 June 6.00 3)

21 July A1l died
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Fig. 8. Advancement of emergence in N. avicularis. The number
of nymphs remaining (o 0), the experimental tempera-
ture (X x) and maximum and minimum field tem-
peratures from Llyn Dinas (A A) are given. Emergence
is indicated by a vertical arrow and when more than one nymph
emerged the number is given.

Emergence

Prior to emergence the nymphs of both Nemoura avi-
cularis and Leptophlebia vespertina move into shallower
water (Macan & Maudsley 1968, Brittain 1971). The
cause of such movements is not definitively known, but
temperature, photoperiod and maturation may all be in-
volved. Once in shallow waters temperature would ap-
pear to be the dominating factor determining when
emergence takes place. A laboratory experiment was set
up to evaluate the effect of temperature on the emergen-
ce of N. avicularis. During January, when field tempera-
tures were around 5°C., twenty nymphs, by now more or
less fully grown, were collected from Llyn Dinas and
placed in controlled conditions in the laboratory. They
were kept in total darkness and the temperature was
raised from 5°C. by 1°C. perday until 11°C. was reached.
Once at 11°C. the temperature was held constant, and
any emergence noted. The results are shown in Fig. 8. By
placing the nymphs in a higher temperature the peak of
emergence was advanced by over a month. Nineteen out
of the 20 experimental animals had emerged before any
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Temperature tolerance of the nymphs

During October, 30 nymphs of Nemoura avicularis were
collected from Llyn Dinas. Ten were kept at tempera-
tures approximating those of Llyn Dinas and thus served
as the control group. The remaining 20 were divided into
two equal groups; one in which the temperature was
raised at a rate of 1°C. per day until 20°C. was reached,
and another where the temperature was elevated at the
same rate until 25°C. The two latter groups were then
kept at 20°C. and 25°C. respectively throughout the rest
of the experiment. There was no mortality until 18 days
after the experimental temperatures had been attained,
when some of those at 25°C. began to die (Fig. 10). The
first mortality in the 20°C. group occurred after 41 days.
The maximum survival times at 25°C. and 20°C. were
43 days and 155 days respectively, while the times taken
for 50% to die (the L.D. 50-sensuo Fry 1947) were
respectively 31 and 73 days.

Thirty nymphs of Leptophlebia vespertina were col-
lected from Llyn Dinas at the same time as those of M.
avicularis and then subjected to the same three regimes;
field temperatures, 20°C. and 25°C. The results are given
in Fig. 11. The survival of L. vespertina was better than
that of N. avicularis. The L.D. 50s at 20°C. and 25°C.
were 159 and 37 days respectively. Because of their longer
survival at constantly high temperatures, this experiment
continued until the normal emergence period in May and
early June. Seven out of the ten nymphs in the control
group emerged successfully as did one of the nymphs in
the 20°C. group.

Percent
survival

50 ] —a o
1__..\25'\'— 1(4)
|
.
\

o 0w

Gl
N\, an N\
50 100 150 200 250 days

o

Fig. 11. Temperature tolerance of L. vespertina nymphs at 20°C.
and 25°C. Emergence, with the number in parentheses, is
indicated by a vertical arrow.

Another aspect of temperature tolerance, besides that
of being kept at a constantly high temperature, is that of
being subject to an ever increasing temperature. As this
aspect is not so relevant to the field situation only one
experiment, with L. vespertina, was carried out. During
May 10 nymphs were subjected to an increase of 1°C. per
day, beginning at the temperature prevailing in Llyn
Dinas. Mature nymphs were excluded from this experi-
ment as emergence, due to the rise in temperature, would
obscure the result. (However, experiments with mature
nymphs showed similar results, although most emerged
before temperatures became lethal.) There was no mor-
tality until 27°C. was reached, after which there was a
rapid increase in mortality. The L.D. 50 was 32°C. and
the last nymphs died at 33°C.

100 1;——01 oo o a Control
LY
S \
A~A O e O
\
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\ L
50 | \“ \o 5 20°C.
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\ \
O,
| o
0 \ ~N
() 50 150 200 days

Fig. 10. Temperature tolerance of N. avicularis nymphs at 20°C. and 25°C.
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Lillehammer 1975), compared with British populations
which emerge in March. A similar situation is also found
with the mayfly Leptophlebia vespertina (Kjellberg 1972,
Brittain 1974), whereby the emergence period is
much later in Scandinavia than in Britain. However,
although the actual time differs the water temperatures
prevailing at the time of emergence are remarkably
similar, thus again making the point that once the nymph
has passed a certain stage in maturation then it is princi-
pally water temperature that determines when emergen-
ce takes place.

The difference over a period of 12 months in degree
hours between the two lakes corresponds to 3-4 weeks.
Thus, assuming a direct linear relationship between the
number of degree hours and both egg incubation time
and nymphal growth and maturation, emergence would
occur 3-4 weeks earlier in Llyn Coron than in Llyn Dinas.
However, the relationship is unlikely to be linear and
higher temperatures can actually slow down or even in-
hibit growth (cf. growth of N. avicularis at 20°C.). In
addition, as suggested above, there is probably a threshold
temperature for emergence no matter how many degree
hours have been received. In practice, however, a habitat
with a lower number of accumulated degree hours will
usually also reach a certain temperature at a later date. In
the case of the two lakes in the present study, there was
1-2 weeks’ difference between the dates on which 10°C.
was reached, but the accumulated degree hours repre-
sented a difference of approximately double this period.
Therefore, in this case a threshold temperature for emer-
gence would be of advantage, necessitating less change in
the timing of the other life cycle stages. Langford (1970,
1971) studied the temperature of the river Severn up-
stream and downstream of a heated discharge from a
power station and its effect on the Plecopteran and
Ephemeropteran fauna. In terms of degree hours above
0°C., the annual difference between the river above and
below the discharge varied between 11 and 29%. From
faunal studies Langford concluded that the heated ef-
fluent had no significant effects on the distribution and
ecology of the 8 species he investigated, suggesting that
the ability of each species to tolerate wide temperature
range in different life cycle stages is sufficient to enable the
species to withstand and survive unnatural temperature
conditions, provided that these temperatures are not
sustained, or lethal to any stages.

If the same species can adjust their life cycles to suit
conditions both in continental Scandinavia and in Llyn
Dinas, it is likely that adaptation is possible to a slightly

different temperature regime in a nearby lake. The pos-
sibility that the species may be near the limit of their tem-
perature tolerance in Llyn Dinas is not supported by the
laboratory studies or by their abundance in Llyn Dinas.
Thus in the light of other investigations and the prelimi-
nary laboratory experiments carried out in the present
study, the differences in the thermal conditions of Llyn
Dinas and Llyn Coron are insufficient to account for the
absence of L. vespertina and N. avicularis from Llyn
Coron.
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Summary

1. Temperature data are presented for two lakesin North
Wales, Llyn Coron and Llyn Dinas. Both lakes are low-
lying, but the former is moderately productive and situ-
ated among lowlands on the island of Anglesey, while
the latter is oligotrophic and lies in the Snowdonia
mountain area.

2. Leprophlebia vespertina (L.) (Ephemeroptera) and
Nemoura avicularis Morton (Plecoptera) were common
in Llyn Dinas, but absent from Llyn Coron. The hypo-
thesis that temperature was responsible for such a distrib-
ution was investigated by a combination of field recording
and laboratory experiments.

3. The temperatures prevailing in the littoral zones of the
two lakes were measured, mostly on a continuous basis,
from June 1968 to June 1970.

4. On comparison, the two temperature regimes were
found to be on the whole very similar. Regional weather
factors appeared to be more important than local
variation.

5. Nevertheless, especially during the summer months,
there were certain differences in detail. For example, in
warm anticyclonic summer weather when water tem-
peratures exceeded 20°C. during the day the temperature
fell to below 20°C. in Llyn Dinas during the night, while

47



Juyg M ION uounquisip Suldudnjul 10198 [ed150[003 Uo
SaIpnis p[arq ‘11 "SIIJAUO0IS ueiamIoN ‘SLOT Y ‘IdWWRYD[[IT
"LLE-6EE gt e130101qOIPAY "UONIRIS 19MO
B WO} 1918 M -3UT[00)) Aq PatiIep, “12ATY ysiug e ur (vieidol
-owoaydy) saJABN pue (2121d023[d) SIIJRUOIS JO SILIOIST
-3JI7T puUB DUBPUNQY ‘UONNQLISI Y] 1461 g [ ‘projdue]
"SLE-ESE ¢ viBo[01qOIPAH "uon®ls
Jamod e u1o1] 931BYOSIP PIIBIY B JO WEIASUMO(] PUB WEIIIS
-d() IsATY ysuug e Jo armeradwa) oy 0L61 g "y ‘projdue
'§Lg-899 :6€ 00§ jua sesuey ‘[
"wisAs aZeutrIp uBIUNOA K90y E Ul (e133d009q) sarfjauois
Jo uonnqInsIp {RUIPMINTY '9961 Y 'V “UNNED % "M "V WFuy
‘62-1 :£6 '] Jowoluyg
'8961-9961 uIgfis3oys sipumu us 1 (ersydorawaydy) eunradsoa
vigaydoida] 1949 131pnis eysidojoyany ‘zL61 ‘0 ‘Sraqraly
PIP-LLE (€1 "y "I98 eys[od [ON] ‘orAlIE| BI
-d1dorswsydy pue e121d0d3[d Jo UOINQLISIP UC 30USN[JUL JI3Y}
pu® sIdjeam UIBUNOW Ul SUOMIPUOD [BULISY] “SO61 g ‘Iopuey
‘69z-g¥z
N1 (oo Cwiuy r (s oye] ysySuy) arownIspuip
Jo amjeiadwsy syl ur safueys [euoseds TP61 N "d ‘unjuar
"0z 1-611 :9¥ us1yeyosuassimanieN (‘waydg
‘su]) uada[ad-siorg uoA 1aZ)dn[yog 21IaIpIvIaY "6S6T [ “Salf[
‘9L-1
10§ "qe '$3Y YSl4 QO 1qnd ‘weans e Jo vunej A[jAew oy}
JO uonnquIsIp syl uo amieradwa) Jo 193)J2 ay | ‘SE61 " "o ‘OP]
"€6V-6LY (V) 6€ v1S0[01q0IpPAY "BIpPaW
eunpudered ‘Aygsuols syl Jo sydwdN ay3 Jo suone[dy 2ini
-psadwa | -fey1a -1addn zL61 "M "V WSIUY % Y " ‘UBRWIBY
"$g-LL :Lz "y "puo '00S "1US "y "201d "SA[JABW JO $I103dS 1noj
JO sa1eI-y1M0I3 pue $3[9A0 9] Y3 Jo Apnis v ZS61 *F [ ‘IoyIrY
"ddog6 's[oAZ "O'S'IW'H "N'N
"AING [03D) PAN ‘Aasa[fuy Jo A80[0an) Ay 6161 F ‘A[usain
‘05-0F :€ "180ur20() ‘JoUWT] '6061-L6GT ‘SYD0T I51BM
-ys$aIq Ys1309S Y3 JO AsAIng [BOLIIdWAYIRY 3Y3 Jo swoydy ue
‘ureinrg uIsyiIoN jo A3ojouwi [eosAyd Yy "gS61 g ‘weyion
'79-1:89 "qe] 'SaY "US1{ WO 1qnd
"AJIATIOR [BWIUE UO JUSWUOIIAUD Y3 JO $103)Jq "LY61 (g '] ‘AIg
‘goz-Soz :Lz1 '[ "18030)
"BIUOPMOUS Ul $3X'] awos Jo ydag ayL 1961 ‘W 'V “Jelng
16-LY
:6 ©130[0250) *(arpnoeg :eioydorswaydy) ruepoys sisey ur Su
-yoleH Jo awl | syi uo aInieiadwa] Jo 199§ ‘TL6I1 "W [ ‘VoNg
‘£z€-Sot € erdojoiq
-0IpAY ‘pueSug ISOMYLION Ul SWERANG [[BWS U]
2214 Jo aInjesadwia oy ‘oL6T (] "H ‘UAID 9 ¥ "L "( ‘dsu)
‘9SE-9b€
((z) T8 "IN CIPTA Wy 's103su] onenby oy) jo sauoisty
1T Y1 01 DUAIRJAY [eadS YIM ‘WIS Isjem-umolg
WIBYLON B JOo sainied) [eoidojouwni] ‘6961 “J ‘H ‘PIOID)
'0z1-Y11 :¥6 1515010w01uy ‘(sepnoey rvivdolow
-oydg) T wnrsidip uo[) Jo 9AD-apIT YL 1961 °S (T ‘umoig
FS1-6€1
11T CAYSSPIL JUS YSION CABMION uIayinos jo e1ajdoodsiq
pue eiaidosdwayds onusy ayy uo saipmg FL6T g [ ‘urenug
"012-661 :€ “[o1g “1emysal] ‘(2103d0d3[J) UOLIOA SLIB[NDIAR
BINOWaN Jo 3040 3J1f pue AZojoiq sy €L61 'g ‘[ ‘urenug
‘LLz-1LT T "T01g "1RMUSaI] ST\ YMHON
‘seul(] uA[ ut (eiaydorswoydy) (1) ereudiew 1 pue ()
euriadsaa viqaydoidar Jo sa[oko ajif ay 2L61 g ‘I ‘wienug
"SITBAN JO ANSIDATU) ‘SISAY) "(1'Ud
'SaYe| Sa[B A\ YI0N Jwos ul (e131d0os[ ) uol

14

-10JA] SLIB[NOIAR RINOWAN puk (eisrdorswaydyg) 7 eunradsaa
eiqaydoida Jo uonngusip pue £3o0[o1q ay | "1L61 g [ ‘urenuig
'892-£52 :(£) o1 v1807003() *(rIo1dordwaydy ‘e1o0asuy) (epod)

BJ1u31 B[[21owayd g uoa asneder(] usreuOAIqua J9p pun asausd

-oA1quiy 19p yoxydi8upyqeinieradwa] A ‘TL61 "M\ “H ‘Oryod
£Sz-Ehz iz Jo1g "Temysal] 191014 TUBPOYL SIJaBY P

SJN30 $3p uonegnoul] op a[eruswIadxs apnyyg ‘TL61 "A ‘Yosudg

RERTIEIETEN |

"UOI0D) UATT WO SDINNAD N
pue pu4adsaa 77 JO 20UISGR Y} 10] JUNOIOE 0} JUADIJJNS
-UL PIISPISUOD 318 UOIOY) U pue Seui(] UA[T JO suonip
-U0D [BWIAY] 3} UT SOOUIIJJIP ‘910JAIaY] ‘Seul(] UA[]
ur 3duBpUNQER 1194} AQ 10 SIIpnIs A101eI0qR] 3Y) Aq pattod
-dns jou st seulq ud[7 ur osueIs[o} anjersdws) Iy
Jo i oy resu aq Aew saroads ay) jey) Aujiqissod sy,
"oayel Aqieou v ur swrdar armjerodwal juarapip ApySis
e 01 9[qissod st uonerdepe 1ey; £[o)1 s1 1t os pue adoinyg
UISYMIoU pue [BIIUD ul sowigar sinjeradwa) jo sduer e
01 9[040 9y11 113y3 Fundepe jo ajqedes are saads ylog “zI

"sa10ads 103sur omy
3saY1 103]Je A[3s13APR 0] A[ayI[un sem arnjeladwal 1o1em
ysy ‘snyj ‘sAep L pue 651 a1om spouad jusieainbs
oYl ‘vunrsadsaa ] 104 ‘skep 1€ pue €L A[aanoadsal arom
D.8T pur ") ,07 18 S0S ‘(7] Y} SLDNOIAD ‘N 10 11

‘seur(q uA[q ut Suipieadrd ssoyy uey)

saunyeradway 1oy3iy 1e sydwiu Suidasy Aq pasueape sem
puildadsaa "] puR sUDINIIAD "N Yl0q Jo duadiowyg o1
‘TewIou a1am Yimoid A1Iea pue Juryojey 83s

y3noyife ) .0z Jo aInieIadwa) JULISUOD B 1B I[DAD 3J1[ S}
919[dWw 02 01 3[qBUN SeM SLIDJNIIAD "N AIOIRIOQR] 3Yl U[ 6
"L'N"D sInoy 0050 pu® 0010 uUsamiaq

soimjeladwa)  wnuiuiw  pue  C[A'D  SInoy  00ST
punoie sarmeradud) WNWIXEW YIM ‘padunouoid srom
suonenionyy reuwrnip ‘rayieam Auuns ‘wrem Junng g
‘sinoy

8T SeUl(] UA[] UI PUB SINOY 96 U010 UA[T UI ‘31om ") ,02
aaoqe spoliad snonunuod 3saguo sy 'sinoy bhi srom
313y} seur(q uky Ul 9[iym ‘uoIo)) UA[] Ul ') ,0T JA0QR
(sAep € €1)sIMOYy 61€ 219M 213y 6961 Jo JawWWNS Y3 u[ L
's1seq A[1834 B UO

sy2am b-£ 10 ‘1eah 1ad sinoy 22182p 000°L A[ajeunxoidde
01 JU3[BAINDS ST YoIgMm ‘958 Sem SB[ 0M) Yl UIIMIAQ
"D0 dA0qe sInoy 22139p ur 2dudIIp IFeIsA® YL 9
‘o101 & pakerd

os|e Yj3uslls pumM Sowl UIelIsd JB PUB  SIDUAIDJJIP
asay3 Sudnpolid ul juerrodwr sem arnjeradwsy 11y 3ydiu
3Y3 Moy3noly) D) ,07 3A0qE PIUTEWAI USJO UOI0D) UAT]



22: 71-80.

Macan, T. T. 1957. The Ephemeroptera of a stony stream.
J. Anim. Ecol. 26: 129-156.

Macan, T. T. 1958. The temperature of a small stony stream.
Hydrobiologia 12: 89-106.

Macan, T. T. 1960. The effect of temperature on Rhithrogena
semicolorata (Ephem.). Int. Revue ges. Hydrobiol. Hydrogr.
45: 197-201.

Macan, T. T. 1961. A Key to the nymphs of the British species
of Ephemeroptera. Scient. Publs Freshwat. biol. Ass. no. 20.
Macan, T. T. 1970. Biological Studies of the English Lakes.

London: Longmans xvi+260 p.

Macan, T. T. & Maudsley, R. 1966. The temperature of a moor-
land fishpond. Hydrobiologia 27: 1-22.

Macan, T. T. & Maudsley, R. 1968. The Insects of the Stony
Substratum of Windermere. Trans. Soc. Br. Ent. 18: 1-18.

Martin, N. A. 1972. Temperature Fluctuations Within English
Lowland Ponds. Hydrobiologia 40: 455-469.

Morgan, N. C. 1964. Discussion note in Hartland-Rowe; Factors
influencing the life-histories of some stream insects in Alberta.
Verh. int. Ver. Limnol. 15: 917-925.

Morgan, N. C. & Waddell, A. 1961. Diurnal variation in the
emergence of some aquatic insects. Trans. R. ent. Soc. Lond.
113:123-137.

Moss, B. 1969. Vertical heterogeneity in the water column of
Abbot’s Pond 1. The distribution of temperature and dis-
solved oxygen. J. Ecol. 57: 381-396.

Nebeker, A. V. 1971. Effect of water temperature on nymphal
feeding rate, emergence, and adult longevity of the stonefly
Pteronarcys dorsata. J. Kansas ent. Soc. 44: 21-26.

Nebeker, A. V. & Lemke, A. E. 1968. Preliminary studies on the

. tolerance of aquatic insects to heated water. J. Kansas ent. Soc.
41: 413-418.

Pleskot, G. 1951. Wassertemperatur und Leben im Bach. Wett.
u. Leben 3: 129-143.

Pleskot, G. 1958. Die Periodizitit einiger Ephemeropteren der
Schwechat. Wasser u. Abwasser 1958: 1-32.

Pleskot, G. 1961. Die Periodizitdt der Ephemeropteren-Fauna
einiger dsterreichischer Fliessgewésser. Verh. int. Ver. Limnol.
14: 410-416.

Smith, K. 1968. Some thermal characteristics of two rivers in the
Pennine area of Northern England. J. Hydrol. 6: 405-416.

Sprules, W. M. 1947. An ecological investigation of stream
insects in Algonquin Park. Ontario. Publ. Ont. Fish. Res. Lab.
no. 69. 81 p.

Ulfstrand, S. 1969. Ephemeroptera and Plecoptera from the
River Vindeldlven in Swedish Lapland. Entomol. Ts. go:
145-165.

Whitney, R. J. 1939. The thermal resistance of mayfly nymphs
from ponds and streams. J. exp. Biol. 16: 374-385.

49





