NUMBER OF INSTARS IN MAYFLY LARVAE: A PALMEN BODY
METHOD APPLIED TO SIPHLONURUS AESTIVALIS (SIPHLONURIDAE)
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To determine exactly how many moults larvae of Siphlonurus aestivalis go through in two biotopes, a pond and a river with
different temperature regimes, a Palmen Body Method was developed. This method requires little laboratory equipment and
gives reliable results with restricted failures.

The number of larval instars for S. aestivalis is included between 10-17 for the specimens coming from the pond and 12-17
for the individuals collected in the river. Considering each intralayer space of the Palmen body as the developmental time
of each larval instar, the moulting frequency in the two biotopes is compared. A good correlation between mean water
temperature and the developmental time of the larval instars is described. Some potential applications of the Palmen body

are proposed.

INTRODUCTION

Mayflies spend most of their life in water as
larvae. The number of larval instars is the larg-
est within insects (SEHNAL, 1985) and above all,
variable within a given species. These reasons
have as consequence that mayfly instar
determination is generally difficult.

FINK (1980) listed 8 methods used to determine
the number of larval instars in mayflies (Table
1). The six first ones rely on morphological
measurements and they can only be applied if
the rate of development within the population is
constant and homogenous. As the variability of
the development is characteristic of most
mayfly species (FINK, 1982), the only reliable
techniques are the rearing and the Palmen body
method. As the first one involves rearing the
specimens throughout their development, we
gave up this method which is too long and we
chose the latter. DEGRANGE (1959) was the first
to prove that the number of chitin layers
making up the Palmen body was correlated
with the number of instars. Even though sever-
al authors used at least partially the Palmen
body to estimate the number of moults
(RAWLINSON, 1939; TAYLOR & RICHARDS,
1963; McLEAN, 1970; BENECH, 1972), no
method has been published. FINK (1980) only
precised that thin sectioning was the preferred
technique for counting Palmen body rings.
Siphlonurus aestivalis larvae inhabit slow-
running and standing waters (BRITTAIN, 1978;
SARTORI, 1987; STUDEMANN et al., 1992). Two
different populations were studied for four sea-
sons (1992-95) in the river Le Veyron and in
the nearby pond Les Monneaux (canton de

Vaud, Switzerland). The timing and life cycle
type of this species agreed well with those
described by Orro & SvENssON (1981) and
SAETTEM & BRITTAIN (1993).

Water temperature was continuously recorded
in the two biotopes. Some eggs batches were
reared in situ to determine the hatching date of
this species. We brought to the fore that the
length of the larval life was generally three
months shorter in the pond (150 days) than in
the river (240 days) (Ruffieux & Sartori, in
prep.). On the other hand, nymphs (last instar
larvae) coming from the pond were bigger than
those of the river. These differences can be
explained by the fact that mayfly growth rate is
strongly related to temperature (for reviews, see
BRITTAIN, 1982; SWEENEY, 1984), the pond pre-
senting a higher mean annual temperature than
the river.

So, we tried with this study to answer the
following questions:

- Is the number of larval instars related to the
length of the larval life and/or to the nymph
size?

- What is really the influence of water
temperature on the moulting number?

MATERIAL AND METHODS

For this study, Siphlonurus aestivalis populations were
studied from January to June 1994 with 2 samplings per
month. Water temperature was continuously recorded with
the help of thermographs. Nymphs were collected between
2 May and 21 June 1994 and immediately conserved in
alcohol 70%.

A total of 50 specimens were dissected to obtain the cephal-
ic Palmen body, posterior to the brain, above the
oesophagus. They were analysed by using a Palmen body
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method which is based on the classical techniques used in
histology. After being bedded in resin, the Palmen body
was cut with an ultramicrotome in sections of 0.75 pm, this
thickness being characteristic for S. aestivalis (RUFFIEUX et
al., 1996). These sections were then placed on a microscop-
ic slide in Canada Balsam. The number of rings and the
space between them were respectively counted and
measured. In order to compare the moulting frequency in
the river and in the pond, we chose ten specimens coming
from the two biotopes presenting a twelve-layer Palmen
body and we represented the thickness of each ring as a per-
centage of the trachea length included in the Palmen body
(Figs 3a, 3b). Then, we assumed that these intralayer spaces
were proportional to the developmental time of each larval
instar. So, the total thickness of the rings corresponds to the
developmental time of the S. aestivalis larvae in the two
biotopes, i.e. 240 days in the river and 150 days in the pond.

Table 1. Methods used in mayfly instar determination
(summarized by FINK, 1980).

Morphological characteristics
Simple frequency distribution
Cassie method
Janetschek method
Dyar’s law
Allometry
Rearing
Palmen body

Moreover we assume that each intralayer space, considered
as the developmental time of each instar, could be correlat-
ed with an environmental variable such as water
temperature. To try to confirm this hypothesis, we calculat-
ed the mean temperature of the water during different
periods corresponding to the developmental time of each
instar (Figs 4a, 4b) and we represented it in function of the
thickness of each ring (Figs 5a, 5b).

RESULTS

The diameter of the Palmen body in S. aestival-
is varies from 200 to 300 um and the number of
layers is included between 10-17 for the speci-
mens coming from the pond and between 12-17
for the individuals collected in the river (Figs 1-
2). On 50 analysed larvae, only 4 (8%) had a
Palmen body illisible, the rings being not dis-
tinct.

The moulting number in all the investigated
specimens do not differ significatively between
the sexes (U = 136.5, P>0.05), even if we
consider separately the two biotopes (U = 51.5,
P>0.05 for the pond; U = 13.5, P>0.05 for the
river). So nymphs of both sexes are pooled in
the results for each biotope. Moreover the
number of rings is not significatively different
in the pond and in the river (U = 222.0, P>0.05)
and is not correlated with the nymph size (1 =
-0.127, P>0.05).

Fig. 1. Central section of a Palmen body: the
entry of the four tracheae included in the
Palmen body* and the successive chitin
layers are well visible. Magnification: 100 x.
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Fig. 2. Magnification of a trachea of a Palmen body with 16 rings.
Arrows: successive chitin layers (the more external, No. 1, corresponds
to the first larval instar; L: length of the trachea corresponding to the
total thickness of the layers. Magnification: 400 x.
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The intralayer spaces in the Palmen body are
not constant (Figs 3a, 3b). If they were identical
each ring thickness would represent 8.33% of
the trachea length for a twelve-layer Palmen
body. For the specimens coming from the river,
the layer thickness varies from about 3.85% to
13.94% (Fig. 3a). This thickness is less variable
for the individuals collected in the pond, as it is
included between 4.33% and 11.33% (Fig. 3b).
For the two biotopes significant differences
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the fore (H = 43.224, P<0.0001 for the river;
H = 36.189, P<0.0001 for the pond).

Mean water temperature decreases strongly in
the river (Fig. 4a) during the first part of the
larval development. At the same time, the
moulting frequency is low (important spaces
between the points of the curve). In the second
part of the graphic, an increase of water
temperature and of the moulting frequency can
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Fig. 3. Thickness of the Palmen body layers (in % of the trachea length, L) in S. aestivalis nymphs. a: river Le Veyron; b:
pond Les Monneaux. Broken line: mean thickness for a twelve layers Palmen body. Vertical lines show standard deviation.
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Fig. 4. Mean water temperature calculated during the developmental time of each instar of S. aestivalis larvae. a: river Le
Veyron, 15/10/93: hatching date, 15/06/94: emerging date; b: pond Les Monneaux, 1/12/93: hatching date, 1/05/94:
emerging date. Vertical lines show standard deviation.
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be observed. For the individuals collected in the
pond (Fig. 4b), the water temperature stays
relatively constant during the developmental
time of the first larval instars and then increases
at the end of the development. So, contrary to
the individuals growing in the river, the
beginning of the development is more regular
in the pond as the duration of each instar is
relatively constant and lower, i.e. the moulting
frequency is more important. We find a good
correlation between the mean temperature of
the water and the thickness of each ring,
specially for the specimens coming from the
river, expressed by the following linear rela-
tionship: T = al + b, T = mean water
temperature calculated during the develop-
mental time of each instar and 1 = thickness of
the ring as a percent of the trachea length of the
Palmen body (a =-0.415, b =10.658, * = 0.80 for

DISCUSSION

The number of rings making up the S. aestival-
is Palmen body varies between 10-17 for the
specimens coming from the pond and 12-17 for
the individuals collected in the river. These
results agree with those found in literature. In
effect, HumpesCH (1981) considers that the
number of instars, including the adult stage,
varies from about 10 to 50 for mayflies. And on
the basis of several studies (Table 3), it is more
frequently situated between 10 and 30.

Contrary to the study of CIANCIARA (1979) on
Cloeon dipterum, the moulting number does

Table 3. Comparative table presenting the methods used by
different authors to determine the number of larval instars
in mayflies.

Species Nb larval instars Methods
the river; a = -0.630, b = 11.559, r* = 0.46 for the Bt rpes g R Oy, 12
. Cloeon simile 20-29 Rearing and Palmen body (Degrange. 1959)
Pond) (FlgS Sas Sb) Callibaetis floridanus 10 Rearing (Trost & Berner, 1963)
Leptophiebia vespertina 17-19 Rearing (Brittain, 1976)
Baetis vernus 18 Rearing (lllies & Masteller, 1977)
Cloeon dipterum 27-38 Rearing (Cianciara, 1979)
.. . Leptophlebia cupida 34 Rearing (Clifford & al., 1979)
Table 2. Number of chitin layers making up the Palmen Eedyonurus dispar 2 Resing (Humpesch, 1981)
body of S. aestivalis nymphs collected in the river Le Stenacron canadense 40-45 Morphol. characteristics (Ide, 1935)
Veyron and in the pond Les Monneaux. Ephemera simulans % Morphol.characteristcs (Ide, 1935)
Baetisca rogersi 12 Morphol. characteristics {Pescador & Peters, 1974)
()| n(Q)| Meanof layers £SE. | Mean of layers +SE. Neoephemera youngi 15 Morphol. characteristics (Jones, 1977)
(S () 14-15 Simple frequency and Janetschek method
Monneaux 14 13 12.643 + 427 13.000 £ .566 (Kondratieff & Voshel, 1980)
Veyron 5 14 12.600 + 400 13.357 + 387 Baetis thodani 9-14 Palmen body (Benech, 1972)
Siphlonurus aestivalis 10-17 Palmen body (present study)
12+ a
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Fig. 5. Regression of mean water temperature calculated during each larval instar and thickness of the Palmen body layers
in 8. aestivalis nymphs (in % of the tracheal length). 1-12: layers numbers corresponding to the successive larval instars. a:
river Le Veyron; b: pond Les Monneaux. Vertical lines show standard deviation. For regression coefficients, see text.
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not differ between sexes (Table 2), even though
female nymphs are bigger than the male ones.
As for Leptophlebia cupida (CLIFFORD, 1970),
the number of larval instars is not correlated
with the nymph size.

An increase of mean water temperature
involving a faster development (VANNOTE &
SWEENEY, 1980; ROSILLON, 1988; GIBERSON &
ROSENBERG, 1992), this factor is often
described as the more important influencing
growth. So, is the number of larval instars
correlated with water temperature? The speci-
mens presenting the less larval instars, i.e. 10,
were collected in the pond whose mean water
temperature is higher than that of the river. So,
water temperature seems to play a significant
role in the number of moults in S. aestivalis.
For the specimens coming from the river, the
larval growth is more important during the
second part of the larval development when the
water temperature is increasing (Fig. 4a). This
result agrees with that of SAETTEM & BRITTAIN
(1993) who noticed that even though S.
aestivalis stays 8 months in the immature stage,
larval growth principally spends during 3
months (April-June). For the individuals
collected in the pond (Fig. 4b), the larval
growth is relatively stable, the moulting
frequency only increasing at the end of the
larval development.

Following the hypothesis that there is a correla-
tion between the mean water temperature
during a given instar and the thickness of the
layer in the Palmen body, we plotted these two
variables (Figs 5a, 5b). We find a good correla-
tion, specially for the data of the river. This
correlation is expressed by a linear function.
So, the higher the mean water temperature is,
the thinner the layer thickness is. Or, the higher
the water temperature is, the shorter the
developmental time is. The results obtained for
the pond are globally less decisive. That is
certainly due to the numerous overflowings of
the river that happen during the larval develop-
ment. A lot of larvae coming from the river are
swept by the current into the pond. So, it is
possible that the analysed larvae of the pond
have begun their development in the river and
in this case, our results are inaccurate.

In conclusion, we see with these results that the
thickness of the Palmen body layers is propor-
tional to the developmental time of the larval

instars and is correlated with mean water
temperature recorded during a given larval
instar. In the light of our results, we can
advance that the study of the Palmen body does
not seem to be limited to the determination of
the number of the larval instars. Moreover, in
this study, we only focused on individuals
possessing the same number of moults, i.e. 12.
We are now working on specimens presenting
different number of layers in order to see if the
patterns observed in this preliminary analysis
are comparable.
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