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Life cycles and growth rates of Baetis spp.
(Ephemeroptera: Baetidae) in the laboratory

and in two stony streams in Austria

U. H. HUMPESCH Biologische Station, Lunz, Austria

SUMMARY. Larvae of Baetis alpinus, B. lutheri and B. rhodani were reared in
a stream channel (water temperature range 4.2—11.4°C) in the laboratory. The
larval growth was exponential and the mean specific growth rate varied from
193 to 2.24%day™! for B. alpinus, 1.49 to 341% day™' for B. lutheri and
0.79 to 3.11% day™ for B. rhodani. These variations in growth rate were related
to variations in mean temperature and this was the major factor affecting growth
in the laboratory.

Non-quantitative samples of the benthos in the Seebach and Unterseebach,
two stony streams near Lunz, Austria, were taken at approximately monthly
intervals from November 1965 to May 1968. In each year, there were two
winter and three summer cohorts for B. alpinus from Seebach and two or three
winter and one to three summer cohorts for B. lutheri and B. rhodani from
Unterseebach. Over the study period of 30 months, eleven cohorts were re-
corded for B. alpinus and B. lutheri, and ten cohorts for B. rhodani. The life
cycle of a cohort varied from 3 to 8 months in B. alpinus, from 2.5 to 9 months
in B. lutheri and from 2.5 to 8 months in B. rhodani. Mean specific growth
rate in length varied from 0.82 to 2.97% day™' for B. alpinus, 0.96 to 3.33%
day™ for B. lutheri and 0.65 to 3.01% day™ for B. rhodani. The percentage of
the variability in growth rate accounted for by variations in mean temperature
was 63% for B. alpinus, 91% for B. lutheri and 82% for B. rhodani. Therefore
mean temperature was clearly the major factor affecting the growth rates in the
field.

An agreement was found between the growth rates of B. alpinus in the field
and the laboratory. The growth rates of B. lutheri and B. rhodani were slower
in the field than in the laboratory at higher temperatures. The possible reasons
for this latter discrepancy are discussed, and the growth rates of the three
Baetis spp. are compared with those of other species of Ephemeroptera.

Introduction

The mayflies, Baetis alpinus Pictet, B. lutheri
Miiller-Liebenau and B. rhodani Pictet are
widespread and abundant European species.
Larvae of B. alpinus and B. lutheri are found
in swift-flowing stony streams, with B. alpinus
restricted to cold upland streams and B.
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lutheri occurring chiefly in warm lowland
streams and lake outflows. The larvae of B.
rhodani occur in streams and rivers, and are
found in plants as well as on stones.

The life cycles of Baetis spp. have been
described by several workers (e.g. Macan, 1957;
Pleskot, 1958, 1961; Thorup, 1963, 1973;
Bretschko, 1965; Elliott, 1967; Landa, 1968;
Ulfstrand, 1968; Larsen, 1968; Langford,

~1971; Thibault, 1971; Benech, 1972a), and

some of these workers have found that the
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pattern of larval development can be markedly
different from biotope to biotope and even in
a biotope from year to year. Some authors
have suggested that these variations in the life
cycle may be due to the effects of water
temperature on egg development and larval
growth. Although the effect of temperature
on the hatching time of eggs of B. rhodani
(Bohle, 1969: Benech, 1972b; Elliott, 1972)
and B. alpinus (Humpesch, 1979) has already
been studied in detail, little is known about
the effect of temperature on larval growth.
There is a paucity of detailed work on growth
in Ephemeroptera, one notable exception
being the recent study of Brittain (1976).

The aim of the present study was to rear
larvae of B. alpinus, B. lutheri and B. rhodani
in the laboratory and to compare their growth
rates with those of the same species in two
streams near Lunz in Austria.

Description of the streams and sampling sites

Seebach is a calcareous mountain stream and
Unterseebach is the calcareous outflow of
Lunzer Lake (altitude 650m; 47°51'N,
15°04"E). As the hydrography, physical
and chemical conditions of the streams have
already been described in detail (Kann, 1978;
Humpesch, 1971) only a brief account is
given here.

The stream bottom at the sampling point
on the Seebach consists of large stones (dia-
meter ¢. 40 cm) over smaller stones (diameter
¢. 10 cm) and gravel, with bryophytes on the
larger stones. The width of the stream is c.
4 m with a depth of 14—18 cm. The modal
water velocity, measured at the surface
using an Ott current meter, was 80 cm s!
(annual range 40—200cms™!). The water
temperature is rarely above 11°C or below
3°C, and the oxygen concentration is always
> 90% saturation.

The stream bottom at the sampling point
on the Unterseebach consists mostly of
exposed rocks with some large stones (dia-
meter ¢. 60 cm) over smaller stones (diameter
¢. 10—25 cm) and gravel, with bryophytes on
the exposed rocks. The width is ¢. 16 m
with a depth of 35 cm. Modal velocity was
90 cm s™! (annual range 40—200 cm s™). The
water temperature is rarely above 21°C or

" from the sampling site,

below 2°C, and the oxygen concentration is
always > 90% saturation.

Seebach and Unterseebach are moderately
shaded by deciduous trees, and leaf packets
are found at the sides of the streams.

Materials and methods

Non-quantitative samples of the benthos were
taken with a pond net (mesh-size 250 um,
diameter 19 cm) from each site at approxi-
mately monthly intervals from November
1965 to May 1968.

All samples were preserved in 75% alcohol
and sorted by hand in the laboratory. The
length of the larvae (from front of the head
to the tip of the abdomen) was measured
under a binocular to the nearest 0.5 mm
Seven stages of larval development were
recognized according to the morphological
features (development of gills, wing pads and
eyes) that are described in detail in Humpesch
(1979). Mature larvae with dark wing pads
were in stage V1I, and were used asan approxi-
mate indication of the flight period.

The water temperature of the Seebach
was recorded at a site ¢. 500 m downstream
and temperature
readings from Lunzer Lake were used for
the Unterseebach. As these temperatures were
similar to those recorded at the sampling
sites, they were used for the analyses because
they were recorded daily at 07.00 hours,
whereas temperatures at the sampling sites
were recorded only at approximately monthly
intervals.

The laboratory experiments were carried
out in a stream channel under natural light-
conditions in the greenhouse of the Bio-
logical Station near Lunzer Lake. Larvae of
B. alpinus were obtained from Seebach, and
larvae of B. lutheri and B. rhodani from
Unterseebach. A single larva was used for each
growth experiment and was kept in a cage of
wire-netting (mesh-size 0.4 mm, height 8 cm,
diameter 8 cm). The cages were put in a
rearing chamber which functioned in the same
way as a chamber that was originally used for
breeding trout eggs (see Einsele, 1956).
Because of the mesh-size of the cages, only
larvae from stages II and III were reared to



maturity. The water was supplied from a
spring, there was a continuous flow through
the cages (velocity 8—12cms™'), and the
water depth in each cage was about 5 cm.
Ionic concentration, for example HCO; ,
Ca? and Mg**, and conductivity were slightly
higher in the rearing chamber than in Seebach
and Unterseebach (see Humpesch, 1971).
Oxygen concentration was always > 90%
saturation. Water temperature in the labora-
tory was recorded regularly from March 1967
to February 1968, usually once every three
days, but occasionally at 2-h intervals in
order to ascertain the diel fluctuation. As the
differences between the water temperatures
in the field and in the laboratory are discussed
in detail in Humpesch (1971, 1979), only a
brief account is given here. The annual range
of temperature in the rearing chamber was
similar to that in the Seebach but was less
than the range in the Unterseebach. The
daily temperature in the chamber was fairly
constant, and varied by only ¢. 0.3°C, whilst
daily temperatures in the two streams varied
by several degrees.

The nymphs in the experiment were fed on
epilithic material on stones from Seebach,
because larvae of most species of Ephemerop-
tera are known to feed on periphytic and
epilithic material, including algae and detritus
(Brown, 1961; Strenger, 1979). Each cage was
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provided with one stone, which was changed
regularly, usually once a week.

The larvae were inspected every 3 days.
After each moult, the exuviae were removed
and the length of the larva was measured
(front of the head to the tip of the abdomen)
under a binocular to the nearest 0.5 mm. The
stage of development was also recorded.

Results
Laboratory experiments

The relationship between the body length
(L, mm) of a single nymph and the time
from the start of an experiment (¢, days)
was found to be linear on a semilogarithmic
scale (e.g. Fig. 1). Therefore growth was
assumed to be exponential during each
experiment and the relationship between
L and ¢ is given by:

L,=L,e" (1)
Converting to logarithms:
loge L;=loge L, +bt 2)

where L, is the body length of the larva at
the start of the experiment, L, is the body
length after ¢ days, and the constant b is the
relative rate of growth in length (mm mm™!
day™'). Growth of individuals was expressed
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FIG. 1. Semi-log plot of body length in a larva of Baetis rhodani at a mean water temperature of 5.8°C,

SE 0.7 (range 4.4—-8.7°C).



U. H. Humpesch

470

66°0 €90 FIT°E P T1I—-v01 10 F1°11 €€ »d9g 81 —3ny 91 9 0°8—0¢ A1 S
L60 8¥'0 F TI'C TIT—S'8 0 FL°6 [A4 sInf 8 —ABW TT 9 §'8—0°€ IIA-IIT 8
660 97'0 ¥81°C 601—v'L €0 FL'8 LYy *AON €T~ 10O L L 0°L—ST IA—HI®
66°0 0€°0 7 6T $6 —~T'8 10 ¥L°8 |84 fmrL —£en LT 9 S'L-0'¢€ AP
66’0 S0°0 F 6L°0 L's —vv L0 *8'S 8€1 4Ae 8 —o0Q 1T 6 SL—S'C HA-III®
L6°0 070 160 'L —vv §$0FTS 06 bady g1— uer z1 L S'L—S'€E NA-III S mppoyts g
L6°0 980 F It'E 0'TTI—8'8 20 F1°01 [1}% SV — [ s 9 0L-ST IHA-T1 ¢
v6°0 SL°0 FI8'T L0o1T—T'8 T0F06 6t £IN[ T —ABW b1 L $'8—0°C IIA-IL ¢
86°0 0€°0 ¥ 6¢°1 L'8 —9% I 89 8 Lhepy zT— BN ST 9 $L—0€E IIA—HI® uayiny °g
€60 1170 ¥ pT°C L0158 €0 F€6 144 [y —ABN 1T S 0'8—0°¢ IIA—I1 &
660 $S°0 ¥ TS'T 01—LL 70 ¥8'8 9¢€ £0 § —8ny o€ 9 0'9—¢C AT ®
96°0 S0 ¥ SL°T 0 11—9'9 v'0 F8'8 0s £INf 8 —ABW 61 8 $'8—0'C HA-IL ¢
960 €5°0 7 €61 9°8 —Tv 0 F§9 (43 «KBN $T—3dV T 9 $'8—0'¢ IA-III® snurdip g
sade)s
¥ o ued| I 30 a8uey I uesiy sAe so1eq SITNOW yi1duay jeAare| satoadg

(s} jsureSe y13us] Jo uoOIsSaI3a1 oY) 03 NP Y13US] Ul SDUBLIBA Y} JO uorurodoad) sanfea
A UM uaAI3 osfe st (D %56 ¥ . ABp Y13ue] % ‘D) 9jes ymoid oyedg afues sinjeraduia) sy) pue (dS 7 ueaw H_<{I) sInjesadwo} I3jEMm
‘sfep ul yuawmadxs Jo YI3ual (8961 % ‘L961+ ‘99614) Sjuswiliadxd Jo $a)Ep (S)now jo ldqunu squawadxe Yyoes jo pus pue Jutuuidoq
ay3 e (ww) ySusj oy} {so58)S [BAIR] OY) UMOYS SI JUdWIAdXD YoBd 10 "AIOIRIOQE] AY} Ul SIpg JO dBASE] [ENPIAIpUL JO YimOID) [ HTHVL



as specific growth rate, G, % day™!, where
G = 100b. Values of G are given in Table 1,
which shows that the growth rate varied with
the mean temperature. For B. alpinus, G was
highest at a mean temperature of 8.8°C. For
B. lutheri and B. rhodani, the values of G
were highest at the highest mean temperature
of 10.1°C and 11.1°C respectively. The
relationship between mean specific growth
rate and mean water temperature (7, °C)
for the three Baetis species together and B.
rhodani alone was well described by the
linear regression equation:

G=a+bT (3)

where ¢ and b are constants. The values of
the constants, with 95% confidence limits,
were g=-1.13+1,14 and »=0.40%0.13
for the three Baetis species together (solid
line in Fig. 2), and ¢a=-1.20%1.14 and
b =0.38 £0.13 for B. rhodani alone (broken
line in Fig. 2). The values of ¢ and b for the
three Baetis species combined were not
significantly different from those obtained
for B. rhodani. However, the proportion of
the variance of the mean growth rate due
to regression (#2) was higher for B. rhodani
(72 = 0.94) than for the three Baetis species
together (r? =0.80). Therefore 94% of the
variability of G for B. rhodani was accounted
for by variations in mean temperature, and
this was clearly the major factor affecting
growth in the laboratory. The two regression

35—

G (% day™")
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lines were a good fit to the data and the
F-values from the variance ratio were highly
significant (P < 0.01).

The number of moults observed between
stages III and VII was five to seven for B.
alpinus, six for B. lutheri and six to nine for
B. rhodani (Table 1). The moulting frequency
of the larvae varied throughout the year: the
interval between moults was 14-30 days
from late autumn to winter, about 14 days
from late winter (February) to early spring
(April), and 3-8 days from spring to early

- autumn.

Life cycle and growth in the field

The life cycles of the three Baetis species are
illustrated by Figs 3 and 4, in which the
catches from the monthly samples are
expressed as a frequency distribution over
the seven developmental stages. The presence
of mature larvae indicated that the flight
period was from March to September for
B. alpinus (Fig. 3); April to September 1966
and April to July, and September 1967 for
B. lutheri (Fig. 4); May to July and September
1966, and April to June and September 1967
for B. rhodani (Fig. 4). Larvae in stage I were
collected throughout most of the summer,
autumn and winter, but were absent in
spring before and after the onset of emergence.

The cohorts were separated according to
the hatching time of the eggs and the ex-
ponential growth of the larvae. As females

Temperature {°C)

FIG. 2. Relationship between mean specific growth rate (G, % length day™") in the laboratory and mean
water temperature (T °C) for three Baetis species (solid line and A B. aipinus, X B. lutheri, ® B. rhodani)
and for B. rhodani alone (broken line and ®); 95% confidence limits are given for each regression line.
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FIG. 5. Growth of typical summer (©) and winter (®) cohorts of Baetis rhodani in Unterseebach. Each
point is the geometric mean + 95% CL for body length (in mm).

and eggs of B. lutheri could not be separated
from those of B. rhodani, Baetis eggs which
were found in Unterseebach were called
Baetis spp. The hatching time of these was
similar to that found for B. rhodani by
other workers (Bohle, 1969; Benech, 1972b;
Elliott, 1972). The hatching time of B. alpinus
is given in Humpesch (1979). In each year,
there were two winter and three summer
cohorts for B. alpinus from Seebach (Fig. 3)
and two or three winter and one to three
summer cohorts for B. lutheri and B. rhodani
from the Unterseebach (Fig. 4). Therefore,
over the study period of 30 months, eleven
cohorts were recorded for B. alpinus and
B. lutheri and ten cohorts for B. rhodani.
Measurements of body length for each cohort
in each month were converted to logarithms,

the geometric mean lengths were calculated
and these were plotted on a semilogarithmic
scale against time (days from onset of hatch-
ing). The relationship was always linear for
the summer cohorts (e.g. Fig. 5), but there
were marked changes in the growth rate of
winter cohorts and therefore the data for the
latter were divided into periods over which
exponential growth was constant (Fig. 5).

The relationship between mean length and
time from the start of each period of growth
was defined in eqn 1 in which the constant
b is the relative rate of growth in length.
Values of b were calculated for each cohort
or for the growth periods in the life cycle of
a cohort, using eqn 2. F-values from the vari-
ance ratio for all regressions were highly
significant (P < 0.01). Growth of each cohort

FIG. 3. Life cycle of Baetis alpinus in Seebach from November 1965—May 1968. Values of mean
temperature (and range) are given every 10 days at the top of the figure. Catches of larvae are expressed
as a frequency distribution over the seven development stages; cohorts are distinguished by different
shadings and are numbered as 1W, 2W, 1S, 2S and 3S in each year.

FIG. 4. Life cycle of (a) Baetis lutheri and (b) Baetis rhodani in Unterseebach from December 1965 —
May 1968. Values of mean temperatures (and range) are given every 10 days at the top of the figure.
Catches of tarvae are expressed as a frequency distribution over the seven development stages: cohorts
are distinguished by different shadings and are numbered at 1W, 2W, 3W and 1S, 28, 3S or Sin each year.
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TABLE 2. Growth of cohorts of Baetis alpinus and B. lutheri in the field, showing the period over which
larvae were caught and measured; water temperature (7, °C mean with range) and mean specific growth rate
(G, % length day™ + 95% CL). n is the number of larvae which were measured; r? is the coefficient of deter-
mination for regressions of In length against time. All regressions were highly significant (P <0.01). W = winter,

S = summer cohort

Cohort Period Days Mean Range of n Mean I3
T T G
Baetis alpinus
1965—-66 1w 12 Nov—24 Mar 1-132 3.6 0.5— 5.6 1758 1.38 £ 0.17 0.59
1966 2w 13 Jan —11 May 1-118 4.5 0.5— 7.0 54 1.50 £ 0.39 0.54
1966 2S 11 May— 2 Sep 1-114 7.6 5.3— 8.8 598 2.10 = 0.10 0.75
1966 3S 16 Aug—26 Sep 1- 41 7.9 7.0— 8.8 324 297t 0.29 0.55
1966—~67 1w 2 Sep —20 Apr 1-230 5.3 0.8— 8.8 162 1.19 £ 0.09 0.81
(a) 2 Sep —~13 Nov 1— 72 7.5 5.4— 8.8 79 2.10 £ 0.54 0.44
(b) 13 Nov—-20 Apr 72—-230 4.2 0.8— 6.6 98 0.82 + 0.14 0.60
1967 2W 29 Jan —24 Jun 1--146 5.1 .2.6— 84 156 1.46 £ 0.13 0.76
1967 1S 20 Apr —31 Jul 1-102 7.1 54— 9.4 422 1.89 £ 0.10 0.76
1967 28 23 May—16 Aug 1— 85 7.8 6.2— 9.5 463 2.33  0.09 0.86
1967 38 24 Jun —29 Sep 1—- 97 8.5 6.9—10.1 523 1.87t 0.09 0.74
1967--68 1w 29 Sep —26 Mar 1-179 4.6 1.6— 8.8 313 1.56 £ 0.06 0.89
1968 2w 23 Feb —15 May 1- 82 5.0 2.4— 6.6 123 1.68 * 0.18 0.73
Baetis lutheri
196566 1W 20 Dec —12 May 1-133 4.7 2.0-13.1 136 1.10 £ 0.09 0.79
1966 2w 18 Jan —17 Jun 1-150 6.7 2.0-19.5 151 1.57 £ 0.15 0.74
1966 1S 20 Apr —15 Jul 1- 86 12.8 6.4-19.5 161 2.10 £ 0.30 0.53
1966 28 17 Jun —24 Aug 1— 68 14.7 10.1-19.5 100 2.25+ 0.22 0.81
1966 3S 15 Jul —24 Sep 1— 71 14.0 10.1-19.5 187 2.71 £ 0.18 0.83
1966—-67 1W 24 Aug-24 May 1-273 6.9 1.6-16.1 339 0.96 £ 0.01 0.99
1966-—-67 2w 18 Nov—-23Jun 1-217 5.6 1.6—18.2 240 097+ 0.06 0.80
1967 3W  28Jan —13Jul 1-166 7.5 2.0-19.2 334 1.23 £ 0.08 0.72
1967 S 13Jul — 6 Sep 1- 55§ 18.0 13.8-21.0 151 3.33+ 0.39 0.65
1967—-68 1w 6 Sep —18 Apr 1-22§ 6.5 1.2—-18.4 256 1.15+ 0.03 0.94
196768 2W 14 Dec — 16 May 1154 4.4 1.2—11.6 101 1.15+ 0.12 0.78

was then expressed as specific growth rate
(% day™!). Values for cohort growth rates
are given in Tables 2 and 3, and these show
that the growth rate varied with the mean
temperature. The relationship between specific
growth rate and mean water temperature
was defined by eqn 3 (see also Fig. 6). Values
of the constants, with 95% confidence limits,
were ¢ =0.30+0.84 and 5 =0.25%0.13 for
B. alpinus, a=0.182040, »=0.16 £0.04
for B. lutheri, a=0.35+0.32 and »=0.14 %
0.04 for B. rhodani. The F-values from
the variance ratio were significant (P < 0.05)
for the three regression lines. The r? values
indicated that the percentage of the vari-
ability in growth rate accounted for by
variations in mean water temperature was
63% for B. alpinus, 91% for B. lutheri and
82% for B. rhodani. Therefore mean tempera-
ture was clearly the major factor affecting
the growth rates in the field.

The regression lines describing the relation-
ship between growth in individual larvae (G)
and mean water temperature in the laboratory
(see Fig. 2) have been added to Fig. 6 (broken
line) so that some comparisons can be made
between growth rates of cohorts in the field
and larvae in the laboratory. Although the
regression line for the combined Baetis spp.
in the laboratory was slightly lower than
that for B. alpinus in the field (Fig. 6a), the
two regression equations were not significantly
different (P> 0.05). There were significant
differences (P < 0.05) between the field
and laboratory regression lines for B. lutheri
and B. rhodani (Fig. 6b,c). In both species
the growth rates were similar in the field
and the laboratory at low temperatures, but
were always higher in the laboratory at higher
temperatures.

Therefore, although mean temperature was
the major factor affecting growth rates, its
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TABLE 3. Growth of cohorts of Baetis rhodani in the field, showing the period over which larvae were caught
and measured; water temperature (7', °C mean with range) and mean specific growth rate (G, % length day™’
+ 95% CL). n is the number of larvae which were measured; * is the coefficient of determination for regressions
of In length against time. All regressions were highly significant (? <0.01). W = winter, S = summer cohort

Cohort Period Days Mean Range of n Mean r
T T G
Baetis rhodani
1965—66 1W 20 Dec—12 May 1-143 4.3 2.0-13.1 231 0.79 £ 0.09 0.55
1965-66 2W 20 Dec—17 Jun 1-179 6.3 2.0-19.5 304 095+ 0.08 0.63
(a) 20 Dec —25 Mar 1—- 95 3.0 2.0- 5.6 216 0.79 £ 0.13 0.39
(b) 25 Mar—17 Jun 95-179 7.1  4.6-19.5 191 1.36 £ 0.19 0.51
1966 3W 25 Mar—15 Jul 1-112 10.8 4.6—19.5 106 1.14 £ 0.17 0.63
(a) 25 Mar—17 Jun 1— 84 7.1  4.6—19.5 105 1.10 £ 0.17 0.61
(b) 17 Jun —15 Jul 84-—-112 15.2 10.1-19.5 25 297t 1.34 048
1966 S 17 Jun 24 Sep 1— 99 14.3 10.1-19.5 63 2.33+ 0.29 0.81
1966—-67 1W 24 Aug—25 Apr 1-244 6.7 1.6—16.1 762 1.04 £ 0.05 0.71
(a) 24 Aug—18 Nov 1— 86 122  6.2—16.1 615 1.39 £ 0.14 0.38
(b) 18 Nov—28 Jan 86-157 3.1 1.6— 8.6 170 0.65t 0.17 0.26
(c) 28 Jan —25 Apr 157-244 3.8 2.0- 7.2 108 1.09 + 0.20 0.54
196667 2W 18 Nov—-24 May 1-187 4.6 1.6—10.4 468 1.04 + 0.06 0.68
(a) 18 Nov—28 Mar 1-130 3.4 1.6— 8.6 390 0.93+ 0.11 048
(b) 28 Mar —24 May 130-187 6.8 2.0-104 123 1.82 0.30 0.54
1967 3W 28 Jan —23 Jun 1-146 6.3 2.0-18.2 297 1.05+ 0.09 0.62
(a) 28 Jan -28 Mar 1- 59 2.8 2.0- 4.7 122 0.98 + 0.33 0.22
(b) 28 Mar—23 Jun 59146 84 2.0-18.2 211 1.29 £ 0.18 0.50
1967 S 13 Jul — 6 Sep 1— 55 18.0 13.8-21.0 97 3.01 £+ 0.25 0.85
1967—68 1w 6 Sep —~18 Apr 1-225 6.5 1.2-18.4 518 0.82 £ 0.07 0.66
1967—68 2W 3 Nov—16 May 1-195 4.4 1.2—-10.0 300 0.81 £ 0.05 0.64
(a) 3 Nov—26 Mar 1—-144 2.7 1.2-10.0 266 0.74 £ 0.06 0.53
(b) 26 Mar —16 May 144—195 7.9 3.0-11.6 78 1.82 ¢+ 0.41 0.54

effect was not the same in the field and the
laboratory for at least two of the three
Baetis spp. The possible reasons for this
discrepancy will be discussed later.

Discussion

Landa (1968) classified the life cycles of
Central European Ephemeroptera into groups
and types according to the number of gener-
ations per year, and also divided each life
cycle into periods of slow and fast growth,
Several workers have used a similar approach,
and have recognized slow-growing winter
generations and fast-growing summer gener-
ations (see references cited in the intro-
duction). Few workers have attempted to
separate cohorts, but these must be recognized
if growth rates and production rates are to
be estimated accurately. Svensson (1977)
found four cohorts of Ephemera danica in
one year but each cohort took two or three

vears to complete the life cycle. Brittain
(1976) probably had only one cohort in his
study of Leptophlebia vespertina. No other
workers have separated cohorts and the
present study is the first to do so for Baetis
spp.

In spite of this lack of information on
cohorts, an attempt has been made to sum-
marize information on growth rate in Ephe-
meroptera (Table 4). Growth in length was
approximately exponential in the present
study and that of Brittain (1976), and it
was assumed to be exponential in the other
studies. Teckelmann (1974) is the only
worker to conclude that growth was linear
and gives a rate of 1.8 mm per month for
Baetis spp. from the end of June to the
beginning of September in Trubach, Germany.
The growth rates in Table 4 are all expressed
as specific growth rates in length (G;%
day™!) and some values had to be re-calculated
from the published data. Most of the esti-
mates were obtained from production studies
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3 {a) T

Temperature (°C)

FIG. 6. Relationship between specific growth rate
(% length day™' + 95% CL) of cohorts in the field and
mean water temperature (7 °C) for (a) Baetis alpinus,
(b) B. lutheri, (¢) B. rhodani. 95% confidence limits
are shown for the regression lines. The regression
lines from the laboratory experiments (see Fig. 2)
have been added for comparison (broken lines on
figures).

in which growth rates were expressed in terms
of weight (Gy% day™!), not length. It was
therefore necessary to know the relationship
between weight (W) and length (L). This
relationship is usually well described by the
equation:

W=aL? (4)
Converting to common logarithms:
logW=1loga+blogl (5)

where ¢ and b are constants. Values of the
weight exponent (b) were 2.80 for Hexagenia
limbata (Hudson & Swanson, 1972) and 2.86

for Ephemera danica (Svensson, 1977). Values
of 2.80 for Ephemera strigata and 2.20 for
Ephemerella subvaria were estimated from the
published data, and a general value of 2.98
for Baetis spp. was estimated from the data
of Zelinka (1973). These weight exponents
were then used to convert Gy into G; from
the relationship:

Gy =— 6
L= (6)

The values of G; were expressed as ranges
over summer and winter periods for Baetis
spp., and as annual ranges for the other
species. Growth values of the three Baetis
spp. in the present study were generally
higher than those for Baetis spp. elsewhere,
especially in summer, but were comparable
to the growth rates of all other species except
Ephemera danica. The slow growth rates of
E. danica (Table 4) are obviously related to
its long life cycle of 2—3 years. Ephemera
strigata had the highest growth rates with
a value of c. 5.6% day™!, but this high rate
occurred only in the early part of the life
cycle when the larvae were very small and
temperatures were high. The highest rates of
¢. 3% day™ in the present study usually
occurred in the fast-growing summer cohorts
of all three species.

There were only five to nine moults between
larval stages III and VII in the present study
and these values are very low compared with
those obtained for other species of Ephe-
meroptera (e.g. Lubbock, 1863, 1866; Gros,
1923; Rawlinson, 1939; Schmidt, 1951;
Frohlich, 1969; Brittain, 1976). Therefore,
there must be a large number of moults in
the larval stages prior to stage IIl. There are
usually seventeen to nineteen moults in a
summer cohort and twenty-five to twenty-
seven moults in a winter cohort of B. rhodani
in a small stony stream in the English Lake
District (J. M. Elliott, personal communi-
cation). The intervals between moults in
the present study were similar to those
recorded for other species of Ephemeroptera
(e.g. Lubbock, 1863; Durken, 1923; Lichten-
berg, 1973), but Schmidt (1951) has shown
that moulting frequency can vary in injured
larvae.

Temperature has been shown to be a major
regulatory factor in the growth of B. alpinus,
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B. lutheri and B. rhodani in both the laboratory -

and the field. Brittain (1976) found a similar
relationship for Leptophlebia vespertina, but
Maxwell & Benson (1963) could not clearly
demonstrate that temperature affected the
growth of Epeorus sp. in the field.

In the present study, there was agreement
between the growth rates of B. alpinus in the
field and the laboratory. This was probably
due to the similar temperature ranges, food
and light conditions in both the field and the
laboratory. The growth rates of B. lutheri
and B. rhodani were slower in the field than
in the laboratory at higher temperatures. This
discrepancy may have been due to differences
in temperature conditions, crowding and
food. The growth rates in both the field and
the laboratory were clearly related to mean
temperature but whilst the temperature
conditions in the laboratory were fairly
constant, there were often large diel vari-
ations in temperature in the Unterseebach,

~and these may have affected growth in the
field. In the laboratory, a single larva was
kept in ‘each cage and was provided with
fresh food from the Seebach. Therefore the
larvae in the laboratory could graze on this
food without having to compete with other
larvae, whilst possible competition between
larvae in the field may have been partially
responsible for the lower growth rates at
higher temperatures. As the algal communities
on the stones in Seebach and Unterseebach
are not the same, especially in summer (Kann,
1978), there is the possibility that differences
in the quality and quantity of food caused
differences in growth rates, as has been shown
for other freshwater invertebrates (e.g.
Willoughby & Sutcliffe, 1976; Cianciara,
1979; Marcus, Sutcliffe & Willoughby, 1978).
It is not known if some or all of these factors
are important and it is possible that another
factor may be responsible for the differences
in growth rates. It can be concluded, however,
that temperature is the major factor affecting
growth rate and further work is necessary to
separate the effects of other environmental
variables.
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