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ABSTRACT. The effects of cold storage (5"C) on the hatching rates of laboratory-reared Culicoides

variipennis sonorensis eggs were examined. Mortality increased with storage time. Average maximum

embryo survivorship for 4 trials was 55.0 + 4.2 (+SEM) days. Alternating daily cycles of high and then
low mean hatching rates occurred and possibly were due to location differences in temperature within
the temperature-controlled rearing system. During cold storage at 5'C, C. v. sonorensis eggs may be kept
for ca. 28 days with an anticipated hatching rate of about 5070.

INTRODUCTION

A biting midge, Culicoides variipennis sono-
rensis Wirth and Jones, has been reared contin-
uously at the Arthropod-borne Animal Diseases
Research Laboratory since 1957 (Jones 1960,
1964; Jones et al. 1969; Akey et al. 1978; Hunt
1994). The demand for large numbers of C. v.
sonorensis for vector competence studies with
bluetongue viruses and other infectious animal
agents (Jones and Foster 1974, 1978: Tabach-
nick l99l) requires efficient and economical
production methods (Hunt 1994).

Egg storage, sometimes for extended periods,
is advantageous for maintaining laboratory col-
onies of C. v. sonorensis or other arthropod vec-
tors. One way of delaying embryonic develop-
ment is to maintain the eggs at low temperatures
(Jones 1964, Tubergen et al. 1978, Koch 1981,
Goll et al. 1989). Cryogenic storage of C. v. son-
orensis eggs has not been successful to date (R.
A. Nunamaker, personal communication). The
curent study was designed to examine the ef-
fects of cold storage on the hatching rates of C.
v. sonorensis eggs in the laboratory.

MATERIALS AND METHODS

Test in.sects: Eggs were obtained from a long-
established colony of C. v. .sonorensis (Jones
1960). lnsect-rearing procedures and equipment
designed for large-scale production were used
(Hunt 1994).

Experimental design: Female adults, 24 to 48
h old, were allowed to feed on defibrinated sheep
blood, without additives, through a reinforced sil-
icone membrane attached to an artificial blood-
feeding apparatus (Hunt and McKinnon 1990).
Freshly deposited eggs, 0 to 8 h old, were col-
lected during scotophase on a moist substrate
consisting of absorbent cotton, filter paper, and

deionized water. Four groups (trials) of ca.
70,000 eggs each were stored in plastic Petri
dishes and maintained in darkness at ca. 5"C.

For trials I and 2,3 batches of ca. 5O eggs
each were randomly removed daily from the
original group by flushing the eggs from the ovi-
position paper using a small pipet and deionized
watet with the aid of a dissecting microscope.
The eggs were placed on 7.0-cm-diam filter pa-
pers, and a paper was placed in each of 3 newly
prepared rearing pans. The remainder of the
eggs was returned to the refrigerator for contin-
ual daily sampling.

Trial 3 tested the possible influence of both
light and changes in temperature. Seventy sam-
ples of several hundred eggs each were random-
ly obtained by cutting small sections of filter pa-
per from the original group of eggs. Each egg
sample was placed in a single plastic Petri dish,
wrapped with aluminum foil, and stored at 5"C.
Daily, 3 batches of ca. 5O eggs each were ran-
domly removed from one sample and set up as
described previously for trials I and 2. The re-
maining unused eggs were discarded daily.

During trials l-3, 3 white enamel pans (25.4
cm wide, 41.9 cm long, 6.4 cm high) (replicates)
were established each day. Because the devel-
opmental time for C. v. sonorensls eggs (ovi-
position to hatch) is 45.2 + 0.8 (mean -f SEM)
h at 27"C (G. J. Hunt, unpublished data), the
rearing pans were maintained for 48 h at a con-
stant temperature of 26 + 1.5"C and a photo-
period of l3:ll (D:L) hours. An insect-rearing
rack accommodated up to 7 rearing pans on each
of 5 aluminum shelves ( I 98. I cm wide, 6 I .0 cm
long, 5.1 cm high). Pan temperature was main-
tained by 2 650-W rubber heating strips (2.54
cm wide) connected in parallel and bonded to
the underside of each aluminum shelf. The first
group of 3 rearing pans for each trial was started
on the left side of a shelf, whereas the 2nd con-
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secutive group was set up on the right side.
Thereaftet each 48-h-long group ofpans was set
up alternating between the left and right sides of
the shelf. After 48 h, 3 filter papers (replicates)
containing eggs were removed from their re-
spective rearing pans and the proportions of
hatched eggs were determined. Each trial was
continued daily until no eggs hatched.

For trial 4. eggs and rearing pans were pro-
cessed and maintained as were those for trials I
and 2, except the 3 groups of eggs were estab-
lished in one newly prepared rearing pan each
day because of space limitations. Due to the pos-
sibility that minor variations in the oviposition
time could have affected egg hatching rates sub-
stantially during trials 1-3, the time period for
ensuring complete egg hatching was increased
from 48 to 60 h.

Data analysis.' The proportion of eggs hatch-
ing each day was transformed to arcsines and
analyzedby a2-way analysis of variance (ANO-
VA) (SuperANOVA 1989). A runs test for an-
alyzing trend data (runs up and down for ran-
domness) (Sokal and Rohlf 1981) was used to
detect significant alternations in the daily mean
hatching rates.

RESULTS AND DISCUSSION

The daily mean egg hatching rates (+SEM)
of C. v. sonorensis for trials 14 are presented
in Fig. 1. Progressively increasing mortality
rates were observed as the age of the eggs in-
creased. The longest survivorship of the em-
bryos during trials l, 2,3, and 4 was 47, 50, 57,
and 66 days, respectively. There were significant
differences in the mean hatching rates among
the 4 trials (F = 15a.45; df : 3,438; P :

0.0001). There was a significant difference in
the mean hatching rates from day to day 6 :

108.58; df = 64,438; P : 0.0001). During all
trials, the mean hatching rate was high and then
low, alternating from day to day; in particular,
between days I and 28 for trial 1, between days
1 and 36 for trial 2, between days I and 2l for
trial 3, and between days 1 and 44 for tial 4.

We postulated 2 possible causes for this alter-
nating cycle of high and low daily hatching rates
during trials I and 2. The original groups of re-
frigerated eggs were repeatedly exposed to white
illumination and to a room temperature of ca.
21'C when random samples of eggs were being
obtained for the 3 replicates daily. Both of these

variables associated with the handling of the
eggs occurred for no more than a few minutes
each day. Although trial 3 was designed to min-
imize these factors, the up and down cycle of
daily hatching rates was observed again. The
lengthening of the time period for complete egg
hatching during trial 4 produced a similar hatch-
ing pattern as during trials l-3. The runs up and
down test showed that the mean hatching rates
during the entire lengths of trials I and 4 were
significantly different from random expectations
(t" : 2.O3, P < 0.05 and r. : 3.28, P < 0.05;
respectively). The daily mean hatching rates
during the entire lengths of trial 2 (t, = -0.1 l,
P > 0.05) and tr ial  3 (t , :  O.32, P > 0.05) con-
formed to random expectations. Nevertheless,
tests of selected periods during trial 2 and trial
3 (between days I and 36 and between days 1
and 21, respectively) showed significant depar-
tures from randomness (t": 2.O6, P < 0.05 and
t" = 2.22, P < 0.05, respectively).

Our experimental design for trial 3 did not
support our hypothesis of the causes of the al-
ternating cycle because controlling light and
temperature during the handling of the eggs had
no effect. It is unlikely that C. v. sonorensis ex-
hibited a circadian rhythm in egg hatching con-
trolled by photoperiodism, even though circadi-
an egg hatching has been reported for a few spe-
cies of hematophagous insects, inchtding Man-
sonia uniformls (Theobald) (Laurence 1960),
Mansonia titillans Walker (Nayar et al. 1973),
and Triatoma infestans (Klug) (Lazzari l99l).

We therefore evaluated temperature differ-
ences between groups of pans as a possible
cause of the up and down hatching cycle. Tem-
peratures were recorded daily for the pans in tri-
al 3. Figure 2 shows the differences in the daily
mean hatching rates between pairs of consecu-
tive days vs. the differences in the daily pan
temperatures for those days. A temperature in-
crease of 1 + 0.5'C between 2 days resulted in
a mean hatching rate increase of tp to 25Vo.
Likewise, when the temperature of the pans de-
creased between days, there was a decrease in
the mean hatching rate in the respective pans.
Thus, the hatching of eggs originating from cold
storage appears to be remarkably sensitive to
subtle changes in temperature. We believe that
these changes were the most likely cause of the
high and low hatching pattern that was observed
during trials l--4.

We recorded a temperature of 26.3 + O.4oC

Fig. l. Effects of cold storage (5"C) on the viability of laboratory-reared Culicoides variipennis sonorensis
eggs. Points represent the average percent (n : 3) of the daily egg hatch. Vertical bars represent standard errors

of the mean. I : missing data.
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Fig. 2. Relationship between differences of the
daily egg hatching rates and differences of the daily
temperatures of Culicoides variipennis sonorensis dur-
ing trial 3.

on the left side of the shelf during the 57 days
of trial 3, which was significantly higher than

the right side mean temperature of 25.8 + 0.3oC
(y = 5.73; df :  1,55; P < 0.01). Although the
significantly higher temperatures of pans on the
left side were recorded throughout the experi-
ment, we observed the alternating hatching cy-
cle predominantly during the first 21 days. The
high egg mortalities observed during the latter
portions of the study presumably reduced our
ability to detect alternating hatching rates be-
cause fewer available live embryos were present
to allow temperature to stimulate hatching.

In summary, we determined that cold storage
of laboratory-reared C. v. sonorensis eggs at 5oC
provided a hatching rate of at least 5OVo for eggs
up to 28 days old. Also, significant responses of
daily egg hatching rates to slight temperature dif-
ferences in the insect-rearing rack were observed.
The storage of eggs at low temperature may have
conditioned C. v. sonorensis eggs to be very sen-
sitive to small differences in temperatures that
stimulate hatching. A location effect within the
insectary equipment appears to have produced the
cyclic high and low hatching rates.
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