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ABSTRACT

The growth and life history of Ephemera danica were studied in a perma-
nent stream in the Sierra Morena. The following measurements of each
nymph were made: body length, head length, head width, prothorax width,
length of the wing pads and length of metafemur. Using standard and loga-
rithmic transformed data, two principal component analyses were made for
each sex. Multiple regression analysis were also made. These analyses indi-
cate that during the course of development, the only deviation from almost
isometric growth is in the wing pad size of both sexes. E. danica was univol-
tine in this locality.

INTRODUCTION

The life cycle of Ephemera danica Miiller, 1764 has been studied in
several European countries (Thibault, 1971; Svensson, 1977; Alba-Tercedor,
1990). It may have a one, two, or three year cycle, and two of these cycles are
often present in the same habitat (Brittain, 1982). The aims of the present
study were to determine the main characteristics of its life history in the
Sierra Morena mountains of south-west Spain and to establish the most
important body measurements useful for further studies of growth and
development in this species. In aquatic insects allometric growth of wing
pads has been noted by several authors (Corbert, 1955; Clifford et al., 1979;
Frutiger, 1987) as a useful character for field recognition of the final nym-
phal instar.
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MATERIAL AND METHODS

The field study was carried out in a 150 m section of the stream, Bejara-
no (400 m a.s.l,, 37° 56’ N, 4° 52’ W), a permanent watercourse whose width
is between 1 and 3 m at the sampling site and whose mean water depth is
35 cm. Riparian vegetation was abundant (alder, Alnus glutinosa; elm, Ulmus
minor; chestnut, Castanea sativa; hazel, Corylus avellana). The highest water
temperature measured during the investigation was 18.5°C (21.8.1988),
while the lowest was 13.0°C (20.11.1988 and 15.12.1988) (Fig. 1).

Between 8.2.1987 and 21.6.1989, forty-one benthic samples were taken
using a hand net with a mesh size of 0.25 mm. In thirty-two samples,
nymphs of E. danica were collected. The nymphs were fixed in 70% alcohol
and examined under a stereomicroscope in the laboratory. Over the three
years, 803 nymphs were colected. The following measurements were made:
body length (bl), head capsule length (hl), head capsule width at base (hw),
prothorax maximum width (pw), wing pad length (wl) and metafemur length
(ml]) (Fig. 2).

Using these measurements, for each sex two principal component analy-
ses, using covariance matrix, have been carried out: firstly with standard
data (X - X / SD ) and secondly with logarithmic transformed data. In addi-
tion, several regression analysis - linear (multiplicative) (Y = AX" ) and
exponential (Y = exp (A + BX)) models- were made using all pairs of variables
of the different body measurements.

RESULTS

Principal Component Analysis:

The spatial relationships of the six parameters considered are depicted
for males, using standard data, in Figure 3. Factor loadings are listed in
Table 1. The first two components accounted for 82.4% and 6.9%), respective-
ly, of the variation. The first axis is defined by all variables with same level of
significance, head capsule and prothorax maximum widths have the highest
loadings; characters with important loadings on component two are head
width, wing pad length and body length. The spatial relationships of the six
parameters considered, for logarithmic transformed data, are depicted in
Figure 4, while factor loading are listed in Table 2. The first two components
accounted for 86.8% and 6.2%, respectively, of the variation. Only one
character (wing pads length) gave a high value on component one. Wing pad
length, head width and metafemur length were variables with important
loadings on component two.

The results for females, were very similar to those of the males. Using
standard data, the spatial relationships of six parameters considered are
depicted in Figure 5, while factor loadings are listed in Table 3. The first two
components accounted for 89.9% and 4.1%, respectively, of the variation.
The first axis is defined by all variables with the same level of significe;
prothorax and head width have the highest loadings. Using logarithmic
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transformed data, the spatial relationships of the six parameters considered
are depicted in Figure 6. Factor loadings are listed in Table 4. The first two
components accounted for 92.7% and 3.2%, respectively, of the variation.
The first and second axis are defined as in the males.

Regression Analysis:

Linear (multiplicative), regression analyses were made with all pairs of
variables. The slopes and correlation coefficients obtained by these analyses
are given in Tables 5 and 6.

During the course of development, body proportions do not change to
any great extent. High correlation coefficients and slopes near to one were
obtained for several pairs of variables, both for males and for females. The
only deviation from this almost isometric growth could be seen in the wing
pads size of both sexes which grew disproportionately during the final stage
of nymphal development. The slopes values for wing pads length (as depend-
ent variable) with the remaining parameters were very different from one,
especially for the pairs with head width, prothorax width and head length as
the independent variable.

Applying the exponential model of regression analysis to pairs with wing
pads length as dependent variable, and the other parameters as independent
variable, high correlation coefficients were obtained, except for head length
in males (Table 7).

Life cycle:

The nymphs were separated according to sex and head capsule width,
and assigned to different size classes (class width 0.33 mm) (Fig. 7). In
nymphs with allometric growth of the wing pads, the ratio wing pad length /
head capsule width was always greater than two. (Fig. 8).

Our data indicate that E. danica is univoltine in the Sierra Morena. This
is based on the following evidence: The majority of smaller nymphs (head
capsule width = 1 mm) were collected between September and January; most
nymphs showed allometric growth of their wing pads during April and May;
exuviae and adults were collected in April and May; neither nymphs nor
adults were collected between July and September.

DISCUSSION

A common approach to studying development is to analyze the progres-
sion of nymphs through the sequence of instars. However, instar number is
know to be variable in mayflies (Brittain, 1982; Fink, 1984). For E. danica,
the most useful body measurements were wing pad length, head width and
prothorax width.

Although some species that occur over a wide geographic range have
been shown to have a constant life cycle duration, for the majority of aquatic
insects voltinism should be wiewed as a life history variable at the popula-
tion level (Brittain, 1982). In the case of E. danica considerable variability
exists in its voltinism (Thibault, 1971; Svensson, 1977). Some authors have
suggested that the principal factors affecting the life cycle of E. danica are
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are food supply and water temperature (see BAN & KAWAI, 1986); where
food is abundant, a factor which may influence on this variability are
minimum winter temperatures: while in a South Swedish stream the mean
water temperature during the winter season are smaller than 5°C, and the
individuals spent two-three years as nymph (Svensson, 1977), in the South
Spain stream studied water temperature during the winter was always great-
er than 12°C, and the individuals spent less than one year as nymph.

REFERENCES

Alba-Tercedor, J., (in press): Life cycles and ecology of Mayflies from Sierra
Nevada. Limnetica. ~: 23-24.

Ban, R. and T. Kawai, 1986. Comparison of the Life Cycles of Two Mayfly
SpecBies Between Upper and Lower Parts of the Same Stream. Aquatic
Insects 8 (4): 207-215.

Brittain, J. E., (1982): Biology of Mayflies. Ann. Rev. Entomolog. 27: 119-
147.

Clifford, H. F., H. Hamilton and B. A. Killins, (1979): Biology of the mayfly
Leptophlebia cupida. Can. J. Zool. 57: 1026-1045.

Corbet, P., (1955): The larval stages of Coenagrion mercuriale (Charp.)
(Odonata: Coenagriidae). Proc. R. Ent. Soc. Lond. (A) 30: 115-126.

Fink, T. J., (1984): Errors in instar determination of mayflies (Ephemerop-
tera) and stoneflies (Plecoptera) using the simple frequency, Janetschek,
Cassie and Dyar’s law methods. Freshwat. Biol. 14: 347-365.

Frutiger, A., (1987): Investigations on the Life-History of the Stonefly Dino-
cras cephalotes Curt. (Plecoptera: Perlidae). Aquatic Insects 9 (1): 51-63.

Svensson, B., (1977): Life cycle, energy fluctuations and sexual differentia-
tion in Ephemera danica (Ephemeroptera), a stream-living mayfly. Oikos
29: 78-86. —

Thibault, M., (1971): Le developpement des Ephéméroptéres d'un Ruisseau a
Truites des Pyrénées-Atlantiques, Le Lissuraga. Ann. Limnologie 7 (1):
53-120.



Ephemeroptera and Plecoptera 451

°C

19 1
18 1
17 1
16 1
15 1

14 +

13 1

Fig. 1. Seasonal variation of water temperatures (°C) during the study period.
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Fig. 2. Body measurements made: body length (bl), head capsule length (hl),
head capsule width at base (hw), prothorax maximum width (pw), wing
pad length (wl) and length of metafemur (ml).
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Fig. 3. Principal component analysis of males, using standard data. Location
of the variables on the plane defined by axes I and II.
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Fig. 4. Principal component analysis of males, using logarithmic transformed
data. Location of the variables on the plane defined by axes I and II.
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Fig. 5. Principal component analysis of females, using standard data. Loca-
tion of the variables on the plane defined by axes I and II.
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Fig. 7a. Seasonal changes in head width for males (M) and females (F) during
the study period. ®, some nymphs with allometric growth; @, all nymphs
with allometric growth; :, emergence.
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Fig. 7b. Seasonal changes in head width for males (M) and females (F) during

the study period. ®, some nymphs with allometric growth; @, all nymphs
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Ephemeroptera and Plecoptera 457

16.5.88 26.5.88 16.6.88 1.7.88

31,7.88 21.8.88 9,9.88 25,9.88 23,10.88

RO =
-

-

29,11.88 15,12.88 16,1,89

Fig. 7c. Seasonal changes in head width for males (M) and females (F) during
the study period. ®, some nymphs with allometric growth; ©, all nymphs
with allometric growth; s, emergence.
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Fig. 7d. Seasonal changes in head width for males (M) and females (F) during

the study period. @, some nymphs with allometric growth; ©, all nymphs
with allometric growth; =, emergence.
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Table 1. Principal component analysis. Factor loadings of the six parameters
studied, using standard data for males (1, body length; 2, head capsule

length; 3, head capsule width; 4, prothorax maximum width; 5, wing pad
length and 6, length of metafemur).

(1,1 0.401 (1,2) 0.348 (1,3)  -0.670 (1,4)  0.248
(2,n 0.377 (2,2) -0.759 (2,3) -0.268 (2,4) -0.434
(3,1 0.432 (3,2) -0.023 (3,3) -0.027 (3,4) 0.150
(4,1 0.429 (4,2)  -4.421 (4,3) 0.072 (4,8)  0.395
(5,1) 0.395 (5,2) 0.533 (5,3) 0.210 (5,4) -0.706
6,1) 0.410 (6,2) -0.126 6,3) 0.653 (6,4) 0.265

Table 2. Principal component analysis. Factor loadings of the six parameters
studied, using logarithmic transformed data for males. See Table 1 for

explanation.
1,1y 0.321 (1,2)  0.041 (1,3) -0.788 1,4y -0.250
(2,1)  0.243 (2,2)  0.509 (2,3 -0.032 (2,43 0.802
(3,1)  0.312 (3,2)  0.265 (3,3 -0.141 (5,4 -0.075
(4,1 0.329 (4,2)  0.302 4,3 -0.068 (4,4) -0.26
(s,1)  0.719 (5,2) -0.638 (5,3  0.193 (5,4 0.193

(6,1)  0.336 6,2)  0.41 (6,3)  0.561 (6,4) -0.423
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Table 3. Principal component analysis. Factor loadings of the six parameters
studied, using standard data for females. See Table 1 for explanation.

1,0
(2,1)
(3,1
4,1
(5,1
(6,1)

(1,2)
(2,2)
(3,2)
(4,2)
(5,2)
(6,2)

-0.682
-0.124
-0.088

0.561
-0.089

(1,3
(2,3}
(3,3)
4,3
(5,3)
(6,3)

.561
274

.233
.693
.109

(1,4)
(z,4)
(3,4
(4,4)
(5,4)
(6,4)

.409
.500

.368

133

679

Table 4. Principal component analysis. Factor loadings of the six parameters
studied, using logarithmic transformed data for females. See Table 1 for

explanation.
(1,1) 0.376
2,1 0.288
(3,1) 0.318
(4,1 0.361
(s,1) 0.627
(6,1) 0.386

(1,2)
(z,2)
(3,2)
(4,2)
(5,2)
6,2)

-0.053
-0.445
-0.291
-0.313

0.734

-0.275

(1,3)
2,3
(3,3)
(4,3)
(5,3)
(6,3)

.833

114
.049

.309

a,4)
(2,4
(3,4)
(4,4)
(5,4)
(6,4)

.068
.662

L1137

120
.699
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Table 5. Regression analysis, linear (multiplicative) model for males. The

values of factors A and B, and R-squared (r°) are given. See figure 2 for

explanation.
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, linear (multiplicative) model for females. The
and R-squared (r°) are given. See figure 2 for

values of factor A and B,

explanation.

Table 6. Regression analysis
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Table 7. Regression analysis, exponential model. Values of R-squared (r°)
obtained using wing pads length as dependent variable. See figure 2 for
explanation.
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