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ABSTRACT

The lifecycle, distribution and autoecology o Ephanerellai%nita(PooA, 1761), Ephemera danica MuLLEr, 1764,

Caenis luctuosa Burmeister, 1839, Epeorus sylvicola (Picrer,

and E. torrentium EaTon, 1881 are presented

s aresult & monthly samples taken from gx streamsin the Sierra Nevada mountains (southern Spain).

INTRODUCTION

This study is part of another in which the au-
toecology and life cycles of mayflies from the
Sierra Nevada mountains (Southern Spain) were
studied. This was presented as a doctoral thesis
(ALBA-TERCEDOR, 1981) and some of these results
have been published (ALBA-TERCEDOR, 1983,1986
and 1990).

MATERIALSAND METHODS

Eight sampling stations were distributed in five
streams on both the northern and southern slopes
o the Sierra Nevada (Rio Aguas Blancas: 1300 m,
1140 m, 800 m; Rio Durcal: 760 m; Rio Torrente:
840 m; Rio Lanjarén: 640 m; Rio Chico: 800 m;
and Rio Poqueira: 1600 m; respectively numbered
Ito VIII).

Samples were taken monthly (from April 1979
to March 1980) from both banks and from central
zones, using a Surber sampler (mesh size 0.36 mm
and sampling surface 0.07 m?). Type of bed was
noted and current velocitiesat the bottom were reg-
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istered with an instrument similar to that described
by DowpesweLL (1967). The chemical characteris-
tics and temperature of the water were analysed
and measured as explained more extensively in
previous papers (ALBA-TERCEDOR, 1983).

For the study of life cycles the total length of
specimens (without cerci) was measured using an
ocular scale with 0.1 mm accuracy and for Epeo-
rus nymphs, development stages were distinguish-
ed in accordance with ALBA-TERCEDOR (1981, 1933).
Monthly frequency histograms were produced
(figs. 1-8), based on the data obtained.

RESULTS

Ephemerella ignita (Popa, 1761)

Nymphs were collected at every sampling sta-
tion. The most numerous populations were ob-
served at stations II and III (average of nymphs/
m?: 180 and 141 respectively).

The nymphs are more frequent in zones near
the banks, with abundant vegetation, zones with
a depth between 4-40 cm, with currents at the
bottom ranging from very slow (< 0.1 cm/s —im-
possible to measure with the instrument used—)
to moderately fast (108 £ 9 cmis), and different



substrata (sandy bottoms with a thin layer o
mud or stony and pebbl e substrata), in accordance
with previous observations (e.g.: Bass, 1976; EL-
Liort, 1978; Granpi, 1960; Jazpzewska, 1971;
Macan, 1970, 1979; SaNDER, 1981; Sowa, 1975a;
etc...).

Numerous studies on the life cycle o this spe-
cies have been reported (see CriFrorp, 1982). In
order to study the life cycle in Sierra Nevada, his-
tograms were drawn, based on the study of 83,

380, 356, 30, 28, 23 and 10 nymphs caught at sam-
pling stations I-IV and VI-VI11(figs.: 1-3).

According to our results, this species appears to
be univoltine with a emergence period between
late June and September. At higher water tem-
peratures, hatching was sometimes delayed (e.g.
sampling stations VI and VII with summer tem-
peratures higher than 20 °C). However at other
stations (e.g. 1T and 1V) small nymphs were col-
lected from February onwards.
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Figure 1.- Life-cycledata for Ephemerella ignita from Rio Aguas Blancas: A) 1300 m, B) 1140 m. Asterisks indicate the presence
o mature nymphs with black wing pads. Monthly evolution of water temperature is represented by a solid line. The number o

nymphs caught every month is indicated.

Datos sobre € ciclo de vidade Ephemerella ignito del Rio Aguas Blancas: A) 1300 m, B) 1140 m. Los asteriscos indican la pre-
sencia de ninfas maduras con los estuches alares negros. La evolucion mensual de la temperatura se representa por una linea con-

tinua. Seindicael nimero de ninfas capturadas cada mes.



Ephemera danica (MULLER, 1764)

During the study, thisspecieswasfound only in
the stream Rio Aguas Blancas (sampling stations
I and IIT) which has harder water compared to
other sampling stations (145 —470 uS/cm— mean:
395.6 uS/cm). The highest populations werefound
in the upper part of this stream, with densities of
250.3 and 267 nymphs/m? for sampling stations I
and 1I respectively (only two nypmhs were caught
at station III). The preferential distribution of this

speciesin the upper part of streams had been re-
ported earlier (e.g.: ALBA-TERCEDOR & JIMENEZ-
MILLAN, 1978; WHELAN, 1980).

The nymphs are more frequently found in the
banks (4-17 cm depth), in sandy-muddy beds with
vegetation and debris (this agrees with Macan,
1970, 1979; Wisg, 1976; WHELAN, 1980 and San-
DER, 1981). Current velocities of the zones in-
habited by this species were variable, from very
slow (< 0.1 cm/s —impossible t0 measure with the

T
N
(-]

10¢/,

LJRRLENNS Suus B BRN BS A N M §

T
©

E 4 o
£ o
= 165 125 27 33 6 w
s of T T T T T T T T T Y T T x
- e ® © ® o e - o - ~ ® 2
o . . - . g ’_. - . .
z 5 & = 2 - - " ~ - © © © <
w @
- 91 a
> L oo &
cs{ B 20
o e
(] * =
7 4 D
6 L
5 J -
a - ;
3 '9
2_
1ﬁ [:,
9 3 15 2
L4 T T Ll T T L L] LI T T L
« © © ~ -] © =] = o = o 2
L © - 0 s & = o ~ - o

DATE OF SAMPLING

Figure 2.- Life-cycle data for Ephemerella ignita from: A) Rio Aguas Blancas, 800 m, B) Rio Durcal, 760 m. Astensks indicate
the presence of mature nymphs with black wing pads. Monthly evolution of water temperature is represented by a solid line. The

number of nymphs caught every month is indicated.

Datos sobre €l ciclo de vida de Ephemerellaignitade A) Rio Aguas Blancas, 800 m, B) Rio Durcal, 760 m. Los asteriscos indican
la presenciade ninfas maduras con los estuches alares negros. La evolucion mensual de la temperatura se representa por una linea

continua. Se indica el nimero de ninfas capturadas cada mes.
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Figure 3.- Life cycle data for Ephemerella ignita from A) Rio Lanjarén, 640 m, B) Rio Chico, 800 m, C) Rio Poqueira, 1600 m.
Astensks indicate the presence of mature nymphs with black wing pads. Monthly evolution of water temperature is represented
by asolid line. The number of nymphs caught every month isindicated.

Datos sobre €l ciclo de vida de Ephemerellaignita: A) Rio Lanjar6n, 640 m, B) Rio Chico, 800 m, C) Rio Poqueira, 1600 m. Los
astenscos indican la presencia de ninfas maduras con los estuches alares negros. La evolucion mensual de la temperatura se repre-
senta por una linea continua. Se indica el nimero de ninfas capturadas cada mes.



instrument ussd—) to moderate (88 £ 6 cm/s) (on
one occasion 38 nymphs were caught in a zone
with abundant small roots of vegetation from the
banks and with a current velocity of 109 + 9
cm/s).

The life cycle was similar at every sampling
station where nymphs were caught, and for this
reason the graph presented (fig. 4) is based on
the measurements of 969 nymphs from stations I
and I1.

The emergence' of subimagines occurred from
June to the first half of August. The hatching of
the eggs started at the beginning of October (four

months after the first emergence of subimagines).
After this, new hatching occurred at intervals from
the beginning of February.

Epeorussylvicola (PicteT, 1865) and E. torrentium
(EaToN, 1881)

Nymphs of genus Epeorus were caught at sam-
pling stations I, II and 1V-VIII. At present it is
not possible to distinguish between the nymphs of
the two species (BERTHELEMY & THomas, 1967,
ALBA-TERCEDOR, 1981), and for this reason, both
species are considered together. Nevertheless,
adults of E. sylvicola were caught in Rio Aguas
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Figure 4.- Life-cycle data for Ephemera danica from Rio Aguas Blancas (1300 m and 1140 m). Astensks indicate the presence of
mature nymphs with black wing pads. Monthly evolution of water temperature is represented by a solid line. Number of nymphs

caught every month is indicated.

Datos sobre €l ciclo de vida de Ephemera danica del Rio Aguas Blancas (1300 m y 1140 m). Los astenscos indican |a presencia de
ninfas maduras con los estuches alares negros. La evolucién mensual de la temperatura se representa por una linea continua. Se

indicael nimero de ninfas capturadas cada mes.



Blancas and Rio Poqueira; while E. torrentium
was only caught in Rio Aguas Blancas.

The nymphs occur preferentially in central
zones on stony substrata with current velocities
of between 45 = 8 cm/s and 121 + 11 cm/s, but
generally higher than 60 cm/s. This agrees with
the observations of DorIER & VAILLANT (1954)
who reported E. sylvicola (subnom. E. assimilis)
inhabiting a maximum current speed of 109 cm/s
and going upstream against current velocities of
230 cm/s.

In order to study the life cycle, histograms
based on the study of 80, 35, 17, 53, 67 and 115
nypmhs were produced for ssmpling stations I, I1,
IV and VI-VI11respectively (figs. 5-7). Moreover
data assembled from sampling stations 1-11 and
VI-VI11 are shown (fig. 8).

Both species appear to be univoltine, with a smi-
lar development to that proposed by LANDA (1968)
for E. sylvicola (subnom. E. assimilis Etn.).

DICUSSION

Ephemerella ignita (Poba, 1761)

The results of the influence of temperature on
hatching time of eggs agrees with the results and
studies of JENseN (1956), THIBAULT (1969, 1971),
Bass (1976), Bonte (1972), EvLiorT (1978), JazD-
ZEWsKaA (1980).

In most sampling stations the growth was uni-
form, but in some (e.g. station 1IT) two hatchings
were observed during the summer: onein late July
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Figure5.- Life-cycledata for Epeorus sylvicola/E. torrentium (see text) from Rio Aguas Blancas: A) 1300 m, B) 1140 m. The num-

ber of nymphscaught every month is indicated.

Datossobreel ciclo de vida de Epeorus sylvicola/E. torrentium (ver texto) del Rio Aguas Blancas: A) 1300 m, B) 1140m. Seindica

€l nimero de ninfas capturadas cada mes.



and the other at the beginning of September (fig.
2 A). The first may correspond to eggs from the
previous year delayed in hatching, the second hatch-
ing could be explained in the same way; but con-
sdering the fact that it occurs two months after
the first emergence of subimagines, it could indi-
cete that these nymphs correspond to the begin-
ning o a second generation. This hypothesis fits
in well with results of Thibault and Elliott be-
cause, considering the water temperatures at this
sampling station, hatching may have occurred after
an incubation period of two months. A second gen-
eration would explain the presence of small and
halfgrown nymphs during October; however these
nymphs did not survive the winter. Therefore our
resultswould confirm the presence of afailed 2nd
generation suggested by other authors (PLeskoT,
1959; Hynes, 1961; ELLiotrTt, 1967, 1978; WiIsE,
1980; RosiLLON, 1986).

Ephemera danica (MULLER, 1764)

The life cycle of this species has been studied
by different authors (see Crirrorp, 1982) and dif-
ferent results were obtained. Some concluded that
E. danica is an univoltine species (e.g.: PLEskOT,
1959, 1961 in Austria; PearT, 1916 in England;
Jazpzewska, 1971 in Poland, and suggested in
France by THiBAauLT, 1971); however other au-
thors consider this a semivoltine species with
a two-year development period (e.g.: LANDA,
1968 in Czechoslovakia; GuiLLouzic, 1965 and
THiBAULT, 1971 in France; HaLForD, 1889; PER-
civaL & WHITEHEAD, 1928 and WriGHT € al., 1981
in England; Sowa, 1975 a, 1975b in Poland), or
with a three-year development period (e.g.:
ILLIES, 1952 in Germany; WRIGHT €t al., 1981 in
England). Moreover, in accordance with different
factors, 1-2 year (WHELAN, 1980 in Ireland) and
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Figure 6.- Life-cycledata for Epeorus sylvicola/E. torrentium (see text): A) from Rio Dircal, 760 m, B) from Rio Lanjarén, 640

m. The number of nymphs caught every month isindicated.

Datossobre el ciclo de vida Epeorus sylvicola/E. torrentium (ver texto): A) Rio Darcal, 760 m, B) Rio Lanjarén, 640 m. Se indica

d ndmero de ninfas capturadas cada mes.



2-3 year (Svensson, 1977 in Sweden) devel opment
periods have been described.

On the other hand DeLvaux (1979), in Luxem-
burg, studying the influence of the parasitic Spi-
riopsis adipophila, found either one, two or three
year cycles depending on the degree of infection.

In Sierra Nevadait isinteresting to note the fol-
lowing: @) the presence of small nymphs together
with grown ones was apparent from the beginning
of October to December and even until February-
March; b) the growth of nymphs hatched in sum-
mer was dow during summer and winter but ac-
celerated at the beginning of March and during
spring; c) independently of sex, fully-grown
nymphs caught at the beginningd the emergence
period were clearly longer than those caught at
the end.

Therefore we conclude that part of the popula-
tion has a semivoltine cycle (growsfor two years)
while the other has a univoltine cycle.

Thefirst fully-grown nymphs would correspond
to a semivoltine population which are conse-
quently longer (because their development time
was longer) than later fully-grown nymphs which
would correspond to the univoltine population.

Epeorussylvicola (PicteT, 1865) and E. torrentium
(EaToN, 1881)

Studies on these species carried out in different
parts of Europe postulated for E. sylvicola an uni-
voltine winter cycle and for E. torrentium a bi-
voltine winter-summer cycle (see CLiFrorD, 1982).
Even THiBAULT (1971) in Southern France con-
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Figure 7.- Life-cycle data for Epeorus sylvicola/E. torrentium (see text): A)from Rio Chico, 800 m, B) from Rio Poqueira, 1600

m. The number of nymphs caught every month is indicated.

Datos sobre € ciclo de vida de Epeorus sylvicola/E. torrentium (ver texto): A) Rio Chico, 800 m, B) Rio Poqueira, 1600 m. Se

indica el nimero de ninfas capturadas cada mes.
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Figure8.- Life-cycledata for Epeorus sylvicola/E. torrentium (see text): A) Assembled data of sampling stations from Rio Aguas
Blancas, B) assembled data of sampling stations 1V-VI111. Arrows indicate captures of adults. Average of monthly evolution of wa-
ter temperature is represented by a solid line. The number of nymphs caught every month is indicated.

Daos sobre €l ciclo de vida de Epeorus sylvicolalE. torrentium (ver texto): A) Datos conjuntos de las estaciones de muestreo del
Rio Aguas Blancas, B) Datos conjuntos de las estaciones de muestreo 1V-VI1I. Las flechas indican capturas de adultos. La media
delaevolucion mensual de la temperatura se representa por unalinea continua. Seindica el nimero de ninfas capturadas cada mes.

duded that most of the population of E. torren-
tium had a univoltine development while a small
part wes univoltine.

According to captures of fully-grown nymphs
and adults, at sampling stations IV-VIII (fig. 8 B),
the emergence period of subimagines occursfrom
the beginning of May to August. Hatching begins
in summer, and increases during summer, so it is
possble to find half-grown nymphs in autumn.
Hatching continues at intervals during the winter.
In late autumn and at the beginning of winter the
growth issow, but it increased in March in accord-
ance with a temperature increase, so that in late
spring, fully-grown nymphs appeared and subimag-
ines began to emerge. In Rio Aguas Blancas a si-
milar development occur (fig. 8 A).
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RESUMEN

CICLOSDE DESARROLLO'Y ECOLOGIA DE EFEMEROPTEROS DE SIERRA NEVADA
(ESPANA), V.

Como resultado de un muestreo mensual realizado a lo largo de un ciclo anual en seis cursos de agua de Sierra
Nevada (sur de Espafia), se presentan aqui los resultados relativos alos ciclosde desarrollo y autoecologia de las
siguientes especies de efemerdpteros. Ephemerella ignita (Poda, 1761), Ephemera danica (Miiller, 1764), Caenis
luctuosa (Burmeister, 1839) y Epeorus sylvicola (Pictet, 1865)/E. torrentium (Eaton, 1881).

Se capturaron ninfas de E. ignitaen todas|as estaciones de muestreo, con una densidad poblacional media méxi-
ma de 180 ninfas/m?. Habitan preferentemente en las zonas de orilla provistas de abundante vegetacion, con di-
ferentes tipos de substratos y velocidades de corriente en el fondo, desde practicamente nulas hasta de 108 t9
cm/s. Esta especie presentd en la mayoria de |as estaciones de muestreo un ciclo de tipo univoltino con emergen-
cias de subimagos de finales de junio a agosto; se observé la presencia de ninfas pequefias afinales de julioy a
comienzos de septiembre, y se considera posible en algunas estaciones de muestreo la hipétesis, sugerida ante-
riormente por vanos autores, de la existencia de una segunda generacién que no sobrevive a invierno.

Las ninfas de E. danica se capturaron en el Rio Aguas Blancas, con una maxima densidad poblacional media
en cabecera de 267 ninfasm?. Habitan preferentemente en las zonas de orilla con fondos de arena y fangos con
vegetacion y detritusvegetales; con velocidadesde corriente en el fondo desde practicamente nulas hastade 88 + 6
cm/s. Parte de la poblacion desarrolla un ciclo univoltino y la otra un ciclo semivoltino (de dos afios de duracién),
con periodos de emergencia de subimagos desde junio hasta la primera mitad de agosto.

Las ninfas de Epeorus se capturaron en las zonas centrales del cauce con substratos pedregosos y velocidades
de corriente en el fondo entre 45 + 8 cm/s y 121 £ 11 cm/s, pero preferentemente por encima de 60 cmisy pre-
sentaron un ciclo univoltino con periodos de emergencia de subimagos desde comienzos de mayo hasta agosto.
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