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Abstract Can. Ent. 111: 665-673 (1979)

Eggs of Hexagenia rigida McDunnough transferred directly from 20° to 36°, 32°, 28°, 24°,
20°, 16°, 12°, and 8°C were monitored for start of hatch, hatching rate, success of hatch,
and hatching period. Eggs did not hatch at 36°C or 8°C. There was a direct relationship
between temperature and start of hatch (from day 7 at 32°C to day 77 at 12°C). Over 90%
hatch occurred at all temperatures except 12°C. Hatching periods ranged from about 6
days at the higher temperatures to over 80 days at 16°C and 12°C. Hatching occurred at
36°C when eggs were transferred in increments of 4°C every 2 days.

Storage capabilities of eggs in ‘‘early’””, ‘““middle’’, and ‘‘late’’ stages of embryonic
development were tested at 12°C and 8°C using a direct or stepwise transfer method.
Hatching parameters monitored were hatch rate, success of hatch, and hatching period up
to 90% hatch of total number of eggs. Middle stage eggs transferred in a stepwise manner
could be held at 8°C for up to 52 weeks with least effect on hatching parameters. Middle
and late stage eggs could be stored for up to 16 weeks at 8°C using the direct transfer
method, and early stage eggs, which were affected most by cold storage. could be held
for 2 days at 12°C with minimal effect on hatching parameters. The storage of eggs, shown
here to be possible, is potentially useful for providing such material for bioassays throughout
the year.

>y

Burrowing mayflies of the genus Hexagenia are an important food item for
many fish species (Neave 1932; Hoopes 1960). The nymph has been used in
bioassays (Carlson 1966; Fremling 1970, 1975; Oseid and Smith 1974; Surber and
Bessey 1974), but little work has been done on the egg stage. Eggs of Hexagenia
rigida McDunnough were found to be convenient to work with as bioassay material
in the toxicity testing of a whole effluent where lethal and sublethal effects on the
embryonic development and hatching characteristics were monitored (Friesen in
prep.). Although viable eggs can be obtained parthenogenetically (Friesen and Flan-
nagan 1976) or using artificial insemination (Friesen in prep.), these sources are
unreliable and a method of storing eggs, which are available in large numbers during
the brief emergence period, would be useful in providing material for bioassays
throughout the year.

Laboratory studies on the eggs of other Hexagenia species (Neave 1932; Spieth
1938; Hunt 1951; Flattum 1963; Fremling 1967) and in other mayfly genera (Bohle
1969, 1972; Benech 1972; Elliott 1972, 1978) showed that duration of embryological
development is temperature dependent. Hunt (1951) and Flattum (1963) found that
the eggs of H. limbata could be held at low temperatures for a prolonged period
of time with hatch occurring when returned to room temperatures. Flannagan (in
press) in a study on the life histories of H. limbata and H. rigida in Lake Winnipeg,
suggests that overwintering may occur in the egg stage when eggs are laid late in
the summer.

This paper describes two studies on the effects of temperature on the hatching
parameters of eggs of H. rigida: the effects of a range of temperatures, and the
storage capabilities of eggs at different stages of embryonic development at tem-
peratures near the lower temperature limit for hatching.

Materials and Methods

Eggs were obtained from female imagines collected at the Red River, Winnipeg,
Manitoba on 4 and 6 July 1976. Twenty-five females were used for each of the
studies. Eggs were dissected into thiosulphate dechlorinated water, mixed and aliquots
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put into approximately 50 ml of dechlorinated water in glass Petri dishes. Care was
taken to avoid clumping of eggs. Eggs were then exposed to the various temperature
treatments (see respective studies below), observations were made at scheduled
intervals and numbers of hatched eggs (i.e. egg cases from which nymphs had
completely freed themselves) were recorded. Counts were made using a dissecting
microscope at X25 magnification. Observations were stopped when no further hatch
was expected, i.e. eggs were either brown or deteriorating internally indicating
death. Hatching parameters monitored were: start of hatch, hatching rate (i.e. number
of nymphs hatched per day), percentage hatch, and hatching period.

In study I there were three dishes per treatment and in study II there were two
dishes per treatment. Number of eggs per dish ranged from 275 to 2082 but was
usually between 400 and 1000 eggs per dish. Percentage hatch of total number of
eggs per dish was calculated and all other analyses on hatching percentages were
performed on arcsin transformed data. Probits were estimated from log-probit graph
paper.

Study I. Petri dishes of eggs were transferred to each of the following tem-
peratures (°C)%: 361°, 321°, 28=%1°, 24=+1°, 20%1°, 16+1.5°, 12%1°, and 8§+1.5°,
Checks for hatched eggs were made as follows: 20° to 36°—daily for start of hatch,
daily for 7 days after first hatch, and then periodically until no further hatch was
expected; 16°—at least every 2 days for first hatch and at least every 2 days
thereafter until no further hatch was expected; 12°—every 2 days for first hatch, at
least every 2 days for 6 weeks thereafter, and then weekly for 5 months; 8°—weekly
for 10 months.

In addition, some eggs were gradually transferred from 20° to 28°, 32° and 36°
at 4° increments every 2 days. Hatching was monitored as described above.

Study II. Eggs were allowed to develop at 20° to various stages of embryonic
development and were then transferred to 12° or 8° directly, or to 8° in steps of 4°.
They were returned to 20° (directly or in steps) after various time periods, and hatch
was monitored every 2 days till 90% of total number of eggs had hatched. Hatch
of eggs incubated only at 20° was used as the control. Embryonic stages tested
were: ‘‘early’” where only yolk was visible, ‘‘middle’” where the embryo was
discernible, and ‘‘late’” where the appendages and eyespots were distinguishable.

Eggs transferred directly to 12° and 8° were Y2, 8Y/2, and 12%/2 days old and
are referred to as early, middle, and late stage eggs, respectively. Eggs were held
at 12° for 2 days and 8 weeks before being returned directly to 20°. Eggs were held
at 8° for 2 days, 16 and 41 weeks before being returned directly to 20°,

Eggs transferred in steps to 8° (4° every 2 days) were Y2, 62, and 12%/2 days
old, and are also referred to as early, middle, and late stage eggs, respectively.
These eggs were returned to 20° after 8, 16, 41, and 52 weeks in 4° increments
every 7 days (eggs stored for 52 weeks were held at 12° for 5 days instead of 7).

Results and Discussion

Study I. Eggs hatched at all temperatures except 36° and 8°, indicating that
the upper threshold for hatching lies between 32° and 36° and the lower threshold
between 8° and 12°. All hatching parameters monitored, namely, start, hatching rate,
percentage hatch, and hatching period were affected by temperature (Fig. 1). Start
of hatch was related directly to temperature ranging from first hatch by day 7 at
32° to first hatch by day 77 at 12°. A similar relationship was found for H. limbata
where first hatch ranged from day 10 at 32° to day 127 at 12°, with no development
at 7° (Flattum 1963). Hatching rates at 32° to 20° were similar with hatch nearly

! and similarly throughout the study.
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Fi6. 1. Cumulative percentage hatch of H. rigida eggs versus days of incubation at constant temperatures.

complete within 4 days after first hatch, and were much slower at 16° and 12°.
Total hatching periods were shortest at the higher temperatures (6 days at 32°, 28°,
and 24°, 23 days at 20°, and over 80 days at 16° and 12°). Longer hatching periods
at lower temperatures has also been recorded in Baétis rhodani (Benech 1972; Elliott
1972). The mean total percentage hatch and standard deviation at 32° was 90.5+0.01%,
at 28° was 94.8+0.00%, at 24° was 94.1+0.11%, at 20° was 94.6+0.37%, at 16°
was 90.5+0.05%, and at 12° was 4.5+0.12%. The reduced percentage hatch at
32°, 16°, and 12° was probably due to the proximity to the respective temperature
limits for hatching. Days to first hatch and percentage development per day were
plotted against temperature and a hyperbola and sigmoid curve, respectively, were
obtained (Fig. 2). Formulae were calculated as in Davidson (1944). These curves
are typical of many insect development-temperature relationships and have been
discussed by Andrewartha and Birch (1954), Wigglesworth (1965), and Howe (1967).
The favourable temperature range for hatching, estimated from the straight portion
of the percentage development curve, occurs between 16° and 32°. The temperature
of the Red River during peak emergence and egg-laying of H. rigida falls near the
middle of this range (M.K. Friesen unpub. data) and eggs laid at this time would
be expected to hatch in the same season provided temperature is the only determining
factor.

In eggs transferred stepwise to 36°, 32°, and 28°, start and hatching rates were
similar to those recorded at constant temperatures above 20° (Fig. 3). Final percentage
hatch at 36° was 73.3%0.54%, at 32° was 93.6+0.01%, and at 28° was 93.9+0.03%.
This apparent elevation in the upper temperature limit in stepwise transferred eggs
and increase in success of hatch at 32° may have occurred because eggs had
undergone considerable development before reaching 36° and the exposure period
to the unfavourable temperature was therefore relatively brief. Healthy development
for short intervals at temperatures which are harmful under continuous exposure has
been recorded in other insects (Andrewartha and Birch 1954). The increase in success
hatch may also have been due to acclimation (Prosser and Brown 1965) during the
stepwise transfer and/or transfer of eggs when they were in a less sensitive point
of embryonic development.

Study II. In eggs incubated only at 20°, 90% of total number of eggs hatched
within 4 days after first hatch (final hatch was 93.8%). The hatching pattern at 20°
was a steep sigmoid curve when cumulative percentage hatch of total number of
eggs was graphed against time (Fig. 4), and was a straight line when cumulative
percentage of ‘‘total’’ eggs hatched (see below) converted to probits was plotted
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against the logarithm (base 10) of days. For the probit conversions, the values of
90%, hatch of total number of eggs or, of total hatch if hatch was less than 90%,
were considered at 100% hatch, i.e. “‘total’’ hatch, and all other values in the
sample were adjusted accordingly. This creates a bias against samples with less than
90% hatch since the tail (present due to the extended hatching time of the last few
eggs) is included in calculations and may cause the regression line to slant upwards.
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FiGs. 5-6. 5, cumulative percentage hatch of H. rigida eggs versus days at 20°C after being stored at
12°C for 2 days and 8 weeks. 6, cumulative percentage hatch of directly transferred eggs of H. rigida

versus days at 20°C after being stored at 8°C for 2 days, 8, 16, and 41 weeks.
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Goodness of fit and comparisons of slopes of the regression lines are given in
Table I.

Hatching parameters of middle and late stage eggs held at 12° were not affected
after 2 days storage (Fig. 5). The hatching period in early stage eggs was slightly
extended but this was due to a small number of eggs and the hatching rate was not
significantly different from the control (Table I). After 8 weeks at 12°, hatching had
already begun in late and middle stage eggs and hatching rates were altered signi-
ficantly upon return to 20° (Fig. 5). This disruption in synchrony of development
may be due to the ability of some eggs to develop better at low temperatures than
others (Richards 1957).

In eggs stored at 8° hatching rates were affected by storage time, egg stage,
and method of transfer. Time to first hatch tended to increase the longer eggs were
held in storage, indicating that embryonic development was not occurring at 8° and
that there may be an adjustment period when eggs are returned to 20°. Success of
hatch was reduced the longer the storage, and differed with egg stage and method
of transfer. Stepwise transferred eggs had consistently higher hatch than directly
transferred eggs in the respective egg stages, with middle stage eggs having the
highest hatches. Overall, hatching periods were extended the longer the storage
period (except when total hatch was low) but there was no obvious quantitative
relationship.

Hatching parameters of middle stage eggs transferred stepwise to and from 8°
were least affected of the egg stages studied (Fig. 7). Hatching rates were not
significantly different from the control at any storage times studied (Table I) and
these samples always had the highest percentage hatch for each storage period.
Success was reduced at 41 and 52 weeks to 88.9% and 71.8%, respectively.

100 8 WEEKS

o] T

60
- A—————A—A
40 — T T (394

20
0 . 7

T T 1

oo . 16 WEEKS
80
60 /

40 /
20 e

(26.7 %)

A
P
o]

¥ T 1 T

100 e 4] WEEKS
804 m—"

"(82%)  __**" (ggo%)

s0- / /
40 *
204 o/ _all5%)

A
T

CUMULATIVE % HATCH

100 52 WEEKS

__® L & ®
60 i ® (71.8%)
- m(44.9%) n- LATE
__am - MIDDLE
204~ " 2 EARLY

__‘/ a4 A(BA%)

5 10 5 20
DAYS AT 20°C

Fig. 7. Cumulative percentage hatch of stepwise transferred eggs of H. rigida versus days at 20°C after
being stored at 8°C for 8, 16, 41, and 52 weeks.



672 THE CANADIAN ENTOMOLOGIST June 1979

Middle and late stage eggs transferred directly could be stored for up to 16
weeks without affecting hatching rates (Table I) although success of hatch was
reduced somewhat in late stage eggs (84.2%) (Fig. 6). Late stage eggs transferred
in steps could be stored for up to 41 weeks without affecting hatching rates, but,
it must be noted that these rates were determined using the latter part of the hatching
period, since hatch had already started by the time samples were returned to 20°
(Fig. 7). Early stage eggs were affected most by cold storage. Percentage hatch in
stepwise transferred eggs ranged from 39.4% after 8 weeks to 1.4% after 52 weeks,
and in direct transferred eggs from 62.9% after 2 days to no hatch after 41 weeks
(Figs. 6, 7). Although hatching rates of some of these samples were not found to
be significantly different from the control (Table I), storage of this egg stage would
not be useful due to the low percentage hatch.

To determine the usefulness of this cold storage method as a means of providing
eggs for toxicity testing on a year round basis, studies comparing the sensitivity of
eggs to toxicants after various storage times are needed.

Conclusions

Start, hatching rate, per cent, and hatching period of eggs of H. rigida are
affected by temperature. For eggs transferred directly to a constant temperature and
allowed to develop there, the upper temperature limit for hatching lies between 32°
and 36° and the lower limit between 8° and 12°.

Eggs can be stored at temperatures near the lower temperature limit for hatching
for prolonged periods and still have hatch occur at 20°. Success of storage varies
with temperature, length of storage period, stage of embryonic development of the
eggs at time of transfer, and transfer method.

The combination found to be best for long-term storage (up to 52 weeks) was
use of middle stage eggs stored at 8° and transferred in a stepwise manner to (4°
every 2 days) and from (4° every 7 days) 8°. Eggs in middle and late stages of
development could be stored for up to 16 weeks at 8° using the direct transfer
method. Short-term storage (2 days to less than 8 weeks) is also possible at 12°
using the direct transfer method.
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