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corded as either illuminance (lx) or irradiance (W m–2) and 
therefore not easily compared, these data suggested that 
insects varied in their sensitivity to light, often according 
to their ecology, some ‘seeing’ given light as ‘dim’, others 
‘seeing’ the same light as ‘bright’. These variable respons-
es to light intensity are further examined in this review 
with particular emphasis on the relationship between light 
pulse duration and illuminance within the context of dia-
pause induction and the nature of the photoperiodic clock. 

This review is dedicated to the memory of Ivo Hodek 
who in his long career championed Andrewartha’s (1952) 
concept of ‘diapause development’ and contributed much 
fundamental work on the physiology of diapause (Hodek, 
1999, 2002), particularly in that of adult insects. 

1. The role of circadian rhythmicity in photoperiodic 
time measurement

The central role of time measurement in the inception 
of diapause (= diapause induction) was rarely addressed 
in early studies and, when it was, it was frequently attrib-
uted to a linear, biochemical hourglass-like mechanism 
measuring either the duration of the day, or the night. In 
1936, however, the German plant physiologist Erwin Bün-
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INTRODUCTION

Marcovitch (1923, 1924) – no doubt encouraged by Gar-
ner & Allard’s (1920) seminal observations with plants 
– provided the fi rst experimental evidence for photoperi-
odism in insects, specifi cally for the regulation of seasonal 
morphs in aphids. Demonstration of the photoperiodic 
control of diapause induction followed with the works of 
Kogure (1933) and Sabrosky et al. (1933) on the commer-
cial silkworm and grouse locusts, respectively. 

Early investigations attempted to establish the approxi-
mate light intensity thresholds for various aspects of the 
photoperiodic reaction. For example, the threshold for lar-
vae of the Oriental fruit moth, Grapholita molesta with-
in young apples was about 10 to 30 lx (Dickson, 1949) 
whereas that for exposed larvae of the noctuid Lacanobia 
(Diataraxia) oleracea was also about 10 lx (Way & Hop-
kins, 1950). Codling moth (Cydia pomonella) larvae out-
side the fruit appeared to be much more sensitive (quoted 
as about 0.02 W m–2) for diapause termination (Norris et al., 
1969) and the larvae of the midge Metriocnemus knabi liv-
ing within the pitcher plant Sarracenia purpurea showed 
a threshold sensitivity close to 0.025 lx (Paris & Jenner, 
1959). Although light ‘intensity’ in these examples was re-
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would be occupied by day and night if the insects were 
in continued light cycles) (Pittendrigh, 1966). Short light 
pulses (15 min of white light of about 500 lux) probing the 
fi rst half of the subjective night were then found to cause 
increasingly great phase delays (–Δφ) followed by phase 
advances (+Δφ) in the second half of the subjective night, 
whilst the ensuing subjective day was largely immune to 
such phase changes (Fig. 1). Pittendrigh (1960), using 
light pulses of 12 h, 4 h and 1/2000 s also showed that the 
magnitude of the phase shifts generated depended on the 
‘strength’ – i.e. the duration and probably also the intensity 
of the light pulses perturbing the rhythm. 

Winfree (1970, 1980), working in the Pittendrigh labo-
ratory, extended these studies using pulses of dim blue 
light of varying duration applied at intervals to an eclo-
sion rhythm generated by transferring insects from LL into 
DD. When the test pulses were less than about 50 s in du-
ration the resulting phase shifts were small giving rise to 
low ‘amplitude’ PRCs, whereas longer pulses caused phase 
shifts of up to 12 h to give high ‘amplitude’ PRCs (Fig. 
2, left-hand panels). Another way of presenting the same 
resetting data is to plot the resulting phase (‘new phase’) 
as a function of the phase at which the pulse was initiated 
(‘old phase’), giving rise to phase transition curves (PTCs). 
With ‘weak’ (i.e. short or low intensity light) pulses the 
resultant curve has an average slope close to 1, whereas 
‘stronger’ (i.e. longer or more intense) pulses give rise to a 
curve whose average slope is closer to zero (Fig. 2, right-

ning (1936), working with bean seedlings, suggested that 
time measurement in photoperiodism was a function of the 
circadian system (see Saunders, 2020, 2021a) and, moreo-
ver, that the daily up-and-down movements of the seedling 
leaves acted as an overt manifestation of the otherwise hid-
den photoperiodic oscillation. Full exposure of Bünning’s 
hypothesis, however, only occurred in 1960 at the Cold 
Spring Harbor Symposium on “Biological Clocks” (Cho-
vnick, 1960) and then became a valid alternative model for 
photoperiodic time measurement in both plants and ani-
mals. 

Colin Pittendrigh became an ardent supporter of Bün-
ning’s hypothesis, noting the similarities between pho-
toperiodic induction and his own work on the circadian 
rhythm of adult emergence (eclosion) of Drosophila pseu-
doobscura – despite this particular species’ lack of a dia-
pausing stage in its life cycle. His interest in this possible 
connection led to the development of several models for 
the induction of insect diapause (Pittendrigh, 1966, 1972) 
described later in this review.

Two aspects of circadian eclosion rhythmicity were rel-
evant in this comparison. The fi rst was that transfer of fruit 
fl y pupae from light into darkness initiated a rhythm of 
eclosion that persisted (‘free ran’) in subsequent darkness 
– a phenomenon discovered earlier by Bünning himself 
(Bünning, 1935; but see also Kalmus, 1935). The second 
was Pittendrigh’s observation that when a circadian oscil-
lation such as that controlling pupal eclosion was exposed 
to pulses of light, these stimuli frequently caused a phase 
shift, advance or delay. This meant that any analysis of 
photoperiodic responses should also consider such phase 
shifts and had to involve description of these changes in 
terms of phase response curves (PRCs). These phenomena 
subsequently formed a basis for the analysis of photoperi-
odic induction of diapause in insects, including the impor-
tance of light intensity.

2. The use of phase response curves 
in the analysis of insect photoperiodism

When mixed age populations of D. pseudoobscura 
were transferred from continuous light (LL), or from a 
long photophase, into continuous darkness (DD), peaks 
of adult eclosion were generated at intervals of about 24 
h, constituting an overt circadian rhythm. In a now clas-
sic experiment using the natural cool waters of a Rocky 
Mountain stream, Pittendrigh (1954) demonstrated that the 
endogenous period of this oscillation (τ h) was temperature 
compensated between 16 and 26°C (i.e. with a tempera-
ture coeffi cient, Q10 close to 1.0), thereby suggesting that 
the circadian oscillation could act as a biological ‘clock’. 
Apart from the peaks of eclosion, however, there were 
no other visible markers of the underlying oscillation, al-
though systematic probing by short light pulses provided 
a ‘time course’ of the oscillation in the form of a phase 
response curve, as shown in Fig. 1. 

When the circadian oscillation was persisting or ‘free-
running’ in continuous darkness (DD) it was shown to pass 
through successive half-cycles corresponding to ‘subjec-
tive nights’ followed by ‘subjective days’ (i.e. phases that 

Fig. 1. The time course of the pupal eclosion oscillator in Droso-
phila pseudoobscura after transfer from a light cycle (12L : 12D) 
into constant darkness (DD) (upper panel), or from constant light 
(LL) into DD (lower panel). The oscillation is presented as a phase 
response curve (PRC) with phase delays (–Δφ) in hours below the 
midline and phase advances (+Δφ) above it; the PRC in the lower 
panel is the same as that in the upper. In both regimes the oscilla-
tion is set to a constant phase (Circadian time, CT 12 h) equivalent 
to the start of the subjective night. After Pittendrigh (1966).
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hand panels). With even longer or brighter pulses the PTC 
becomes a straight line with a slope of 0 (example shown 
in Fig. 3) showing that the principal time cue is now taken 
from light-off; the two types of response were referred to as 
Type 1 and Type 0, accordingly. With Type 0 PRCs, light-
off initiates a rhythm at a phase equivalent to the beginning 
of the subjective night, a phase referred to as Circadian 
time, CT 12 h, an observation of crucial importance in the 
analysis of photoperiodic time measurement (Section 4). 

Winfree (1970, 1980) also raised cultures of D. pseudo-
obscura in LL, ‘released’ them into DD to generate a clear 
rhythm of eclosion starting at CT 12 h, and then probed the 
rhythm at variable times (T) after the LL/DD transfer with 
pulses (S) of dim blue light. When T and S were varied 
independently a 50 s pulse placed 6.8 h after the LL/DD 
transition (i.e. at CT 18.8 h, close to ‘subjective midnight’) 
was found to induce a state of arrhythmicity, a phenom-
enon considered to represent the action of a critical pulse, 
‘stopping the clock’ by driving the oscillation onto its ‘sin-
gularity’ (see also, below).

3. Sensitivity to light
Several pieces of evidence suggested that the eclosion 

rhythm in Drosophila pseudoobscura was very sensitive to 
light. Winfree (1974), for example, found that transfer of 
rhythmic populations in DD, with an inter-peak interval (τ) 
of about 24 h, into continuous, very low intensity, blue light 
caused τ to increase to about 24.7 h, but exposure to some-
what higher intensity caused adults to emerge at random, 
the two extremes being likened to ‘starlight’ and ‘moon-
light’, respectively. Some other aspects of the rhythm also 

showed that an increase in irradiance – although some-
times over a limited range – was, like pulse duration, cor-
related with the magnitude of response (Engelmann, 1969; 
Chandrashekaran & Loher, 1969; Chandrashekaran & 
Engelmann, 1973) showing that both the duration of the 
light pulse and its intensity act in a similar fashion upon 
the system. Other phenomena, such as placement of the D. 
pseudoobscura rhythm on its ‘singularity’ (Chandrashek-
aran & Engelmann, 1976) showed that reciprocity between 
irradiance and duration of the critical pulse was vast, rang-
ing from very short pulses (0.04 s) of very bright light 
(12,500 W m–2) to very long pulses (13.9 h) of dim light at 
0.01 W m–2. It is possible, therefore, that similar reciprocity 
between duration of a light pulse and its intensity occurs 
in other aspects of circadian and photoperiodic responses; 
these will be discussed later in this review (Section 5). 

4. Models for the photoperiodic clock
Models for photoperiodic induction began with Bünning 

(1936, 1960) who proposed that light had two roles: en-
training (phase setting) the endogenous circadian rhythm 
and activating a ‘long-day’ response by illuminating a par-
ticular light-sensitive phase in the night. This model was 
further developed by Pittendrigh (1966) – based mainly on 
his work on the behaviour of the eclosion rhythm of D. 
pseudoobscura outlined above – and referred to as external 
coincidence (Pittendrigh, 1972). Like Bünning’s original 
version, it was considered to comprise a single oscillator, 
but (in insects) reset by light pulses in excess of about 12 
h to a narrow range of phases close to CT 12 (see above), 
with the light-sensitive (or ‘photoinducible’) phase (φi ) oc-
curring late in the night, at the end of the ‘critical night-
length’ (Fig. 4). External coincidence, as formulated by 
Pittendrigh (1966), accounted for the principal character-
istic of a ‘long-day’ insect’s photoperiodic response curve 
(PPRC) – namely the critical daylength or nightlength sep-
arating the diapause and nondiapause regulatory pathways 
– but did not explain the fall in diapause incidence under 
‘ultrashort’ photophases shown in typical examples of in-

Fig. 2. Schematic representations of circadian rhythm phase re-
sponse curves (PRCs, left-hand panels) or phase transition curves 
(PTCs, right-hand panels). In PRCs, responses to ‘weak’ (i.e. short 
or low intensity) light pulses (upper left) are small, whereas re-
sponses to ‘strong’ (longer or brighter) pulses (lower left) are up 
to 12 h in magnitude. In PTC plots the same data are plotted as 
‘new phase’ (after the pulse) as a function of ‘old phase’ (before the 
pulse). With ‘weak’ light pulses (upper right) the PTC has a slope of 
1 whereas ‘strong’ pulses (lower right) result in a slope approach-
ing zero. The two types of PTC are referred to as Type 1 and Type 
0 responses. Redrawn after Winfree (1970).

Fig. 3. Type 0 PTC showing resetting the locomotor activity rhythm 
of the blow fl y Calliphora vicina after an extended period of light 
into darkness showing that the oscillation is completely phase-set 
to CT 12 h (the beginning of the subjective night) at light off, re-
gardless of the circadian phase at light-on. Redrawn, in part, from 
Saunders & Cymborowski, 2008).
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sect photoperiodic responses (Fig. 5). Reasons for this fall 
in diapause incidence will be addressed in Section 5 below.

External coincidence (Fig. 4 upper panel) suggests that 
as autumnal nights lengthen, φi begins to fall in the dark 
and diapause supervenes. Fig. 4 (lower panel) also sug-
gests, however, that as days lengthen, dawn light occurs 
earlier, eventually to coincide with φi and thereby leading 
to nondiapause development. Such photoperiodic termina-
tion of diapause occurs in some species – perhaps those 
in southerly environments with a warm spring – but is not 
typical of those populations inhabiting localities further 
to the north. For example, working with the linden bug, 
Pyrrhocoris apterus, in central Europe (Bohemia), Hodek 
(1971) transferred overwintering bugs from fi eld popula-
tions, at intervals during the winter, to the laboratory and 
showed that diapause had ended (i.e. ‘diapause develop-
ment’ was completed) by the end of December and the 
insects then remained in a cold-induced reproductive qui-
escence until April when temperatures began to rise. Pho-
toperiodically regulated diapause in P. apterus (and many 
other mid-latitude species) was therefore an autumnal 
phenomenon preventing maladaptive reproductive activity 
during the autumn and early winter and not necessarily as-
sociated with processes of reactivation.

External coincidence has proved useful for analysis of 
photoperiodic induction in several species of Diptera (Sec-
tion 5) including some high-latitude drosophilids which, 
however, may incorporate heavily dampened oscillators 
(Vaze & Helfrich-Förster, 2016; Lankinen et al., 2021). 
This model, however, cannot be regarded as universal, 
other possible models being appropriate elsewhere (Vaz 
Nunes & Saunders, 1999).

5. Application of the external coincidence model 
to photoperiod-positive species

Intra-uterine embryos and feeding larvae of the fl esh fl y 
Sarcophaga argyrostoma exposed to the long days of sum-
mer develop without further arrest, but those exposed to au-
tumnal short days (long nights) enter diapause in the pupal 
instar (Saunders, 1971) (Fig. 5). Exposure of the photoper-
iod-sensitive stages to Nanda-Hamner experiments (Nanda 
& Hamner, 1958; Saunders, 1973, 2021a; see also Teets & 
Meuti, 2021) also showed a high incidence of diapause in 
light-dark cycles whose periods were 24, 48 or 72 h, but a 
low incidence of diapause when periods were 36 or 60 h, 
indicating the circadian basis of photoperiodic time meas-
urement in S. argyrostoma (Fig. 6), the declining amplitude 
of the high diapause peaks probably indicating a slowly 
dampening oscillation as development proceeds. Long day, 
non-diapausing individuals also showed an endogenous 
circadian rhythm of adult emergence with peaks of eclo-
sion close to dawn. This species, therefore, presented an 
opportunity of analysing photoperiodic induction, using 
the overt rhythm of pupal eclosion as an indicator of phase 
(‘hands of the clock’) of the otherwise covert photoperi-
odic system in one and the same species (Saunders, 1978). 

After transfer of fi rst instar larvae of S. argyrostoma from 
LL to DD – which synchronised them to a constant phase 
at CT 12 h – cultures were exposed to pulses of white light 
(240 μW cm–2) of between 1 and 20 h duration, scanning 
the following hours of darkness to give a ‘family’ of PRCs 
(Fig. 7). The same data plotted as phase transition curves 
(PTCs) (see Saunders, 1978) showed that 1 to 4 h pulses 
gave rise to ‘weak’ or Type 1 PTCs, whereas pulses of 5 h 
or more gave rise to ‘stronger’ or Type 0 responses whose 
average slope was parallel to the end of the resetting pulse. 
Longer light pulses thus reset the oscillation to CT 12 h and 

Fig. 4. The external coincidence model for the insect photoperiodic 
clock. A – as autumn approaches and nights lengthen, the dawn 
transition is delayed (horizontal arrow) with respect to the circadian 
time scale, φi (the photoinducible phase) begins to fall in the dark 
and diapause supervenes. B – in the summer, the dawn transition 
occurs earlier (arrow) with respect to the circadian time scale, φi is 
illuminated and nondiapause development proceeds. Closed cir-
cles show photoinducible phase in the dark; open circles show the 
same phase in the light. Redrawn after Pittendrigh (1966).

Fig. 5. The photoperiodic response curve for larvae of the fl esh 
fl y, Sarcophaga argyrostoma, showing the critical photoperiod be-
tween long and short daylengths at about 14.5 h/24, the effect of 
temperature on the incidence of resulting pupal diapause under 
short days, and the fall in diapause under very short daylengths. 
The bold vertical lines show the approximate midwinter (MW) and 
midsummer (MS) photoperiods at 55°N, the origin of the fl y strain. 
The faint vertical line marks the daylengths which only occur dur-
ing the winter when the fl ies at cool temperature are already in 
diapause. Redrawn from Saunders (1971).
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the following dark period was ‘measured’ from this dusk 
transition. However, since Type 1 PRCs are characterised 
by smaller phase shifts than Type 0, the photoperiodic os-
cillation exposed to trains of weak Type 1 pulses must pass 
through a greater number of non-steady state or transient 
cycles before achieving entrainment than an oscillation ex-
posed to a train of stronger Type 0 pulses (Saunders, 1982). 

In S. argyrostoma, two experiments were conducted to 
investigate whether diapause induction was affected by the 
number of transient cycles experienced by the photoperi-
odic oscillation before it achieved steady-state (Saunders, 
1982). In the fi rst experiment, populations of larvae were 
transferred from LL to DD and then exposed to trains of 
light cycles containing photophases of 1 to 21 h with the 
light pulses starting either ‘in phase’ with the end of the 
fi rst pulse already at CT 12 h (the beginning of the subjec-
tive night), or initially ‘out of phase’ with the fi rst pulse 
starting at CT 12 h. Fig. 8 shows that for all populations 
exposed to ‘strong’ pulses (10 to 21 h), giving rise to Type 
0 PRCs with high amplitude phase shifts, there were no 

signifi cant differences between groups starting at either 
CT 12 h or CT 0/24 h because entrainment was rapid with 
few or no transients. With ‘weaker’ pulses, however – par-
ticularly those less than 6 h in duration giving rise to Type 
1 PRCs with smaller phase shifts – the in-phase groups, 
already close to entrainment, produced a consistently high 
incidence of diapause, whereas those initially out of phase 
and passing through a greater number of transients before 
achieving steady-state (Saunders, 1982) showed a reduc-
tion.

In the second experiment (Fig. 9) larval cultures were 
exposed to trains of light cycles containing 2, 4, 8 or 12 
h photophases either at an intensity of 240 μW cm–2 or at 
a much brighter irradiance, with the expectation that in-
creased light intensity would also increase the ‘amplitude’ 
of phase shifts, perhaps in some cases converting Type 1 
PRCs to Type 0, and thereby decreasing transient number. 
Results showed that increasing the irradiance of the light 
pulses also increased diapause incidence, particularly for 
cycles containing 2 and 4 h light pulses, providing evi-
dence for this expectation.

The external coincidence model has therefore proved 
to be appropriate for S. argyrostoma, albeit with a slowly 
dampening photoperiodic oscillator (Saunders, 1979). It is 
also indicated in S. similis (Goto & Numata, 2009; Mukai 
et al., 2021). In the blow fl y, Calliphora vicina, this model 
is also appropriate (Kenny & Saunders, 1991; Saunders, 
2021b) although with a fully self-sustained oscillation. 
The hourglass-like photoperiodic clocks in Megoura vi-
ciae (Lees, 1965, 1973) and the high-latitude Drosophila 
ezoana (Vaze & Helfrich-Förster, 2016) and D. montana 
(Lankinen et al., 2021) resemble that in S. argyrostoma in 
most respects except that Nanda-Hamner experiments with 
these species fail to reveal peaks and troughs of diapause in 
extended periods of darkness that indicate clear circadian 

Fig. 6. Results of Nanda-Hamner experiments (see text for de-
tails) in S. argyrostoma. Horizontal bars on the left show the pho-
tophases (L = 4 to 20 h) in each cycle. Plotted points show pupal 
diapause incidence after each cycle produced by L + variable dark-
ness (D) to give cycle lengths from 18 to 72 h, repeated throughout 
the larval sensitive period. Pupal diapause incidence shows peaks 
of diapause at about 24 h intervals as cycle length is extended 
indicating circadian involvement in the photoperiodic clock. A delay 
in these peaks in relation to light-off following photophases longer 
than about 12 h indicates that nightlength measurement begins at 
the end of the photophase (at circadian time, Ct 12 h). The decline 
in peak diapause amplitude is attributed to the dampening of the 
photoperiodic oscillator. Redrawn from Saunders (1973).

Fig. 7. Phase response curves for the adult emergence rhythm in 
S. argyrostoma exposed (in different panels) to light pulses starting 
at different phases of the oscillation. In each panel, values of phase 
delays (–Δφ) are plotted below the mid-line, with phase advances 
(+Δφ) above it. Very short light pulses (1 to about 3 or 4 h) give rise 
to low amplitude Type 1 PRCs, whereas longer pulses give rise 
to high amplitude Type 0 PRCs. Redrawn from Saunders (1978).
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involvement in time measurement. The otherwise close 
similarity, however, suggests that nightlength in these ex-
amples is measured by a clock of the external coincidence 
type, but which then undergoes rapid dampening to give 
hourglass-like properties. 

6. Day- or nightlength measurement? 
Independent variation of the light (L) and the dark (D) 

components of the daily light cycle has frequently been 
used in attempts to ascertain their relative importance in 
photoperiodic time measurement: in the majority of cases 
the duration of D seems to be more important than L, sug-
gesting that the photoperiodic clock most frequently meas-
ures nightlength (Saunders, 2013). One exception to this 
may be that of the linden bug, Pyrrhocoris apterus (Saun-
ders, 1987) – a long-time favourite in the Hodek labora-
tory, now adorning the European Journal of Entomology’s 
masthead. Using an irradiance of about 240 μW cm–2, bugs 
were exposed to light cycles with L held constant (at 12, 
15, 16 or 17 h in different subsets) and D varied, or with D 
held constant (at 7, 8, 9 or 12 h in different subsets) and L 
varied. In each experiment the incidence of diapause was 
compared with the critical daylength (or nightlength) ob-
tained from 24-h cycles (Saunders, 1983). The results (Fig. 
10) showed that variation of L whilst holding D constant 
more closely resembled the natural photoperiodic response 
curve, suggesting that measurement of daylength was more 
important than that of darkness. That conclusion, however, 
may only be appropriate for the light intensity (240 μW c 
m–2 ) used in this particular investigation; use of higher ir-

radiance may have produced a somewhat different conclu-
sion (see Section 7 below).

7. Discussion and future direction
In laboratory experiments conducted at an irradiance of 

about 240 μW cm–2 (Saunders, 1987), photoperiodic time 
measurement in P. apterus appeared to begin at light-on 
and to measure the duration of daylength. Furthermore, 
nymphal locomotor activity and the cyclical expression 
of the circadian clock genes period and cycle in nymphal 
heads showed a similar rhythmic pattern at 50 μW cm–2 

(Kotwica-Rolinska et al., 2017) – an irradiance consider-
ably lower than that quoted above. RNAi knockdown of 
the clock genes Clock and cycle during nymphal develop-
ment led to reproductive arrest, expression of the storage 
protein hexamerin in the fat body but reduced vitellogenin 
in the egg follicles. Taken together, these studies point to a 
photoperiodic mechanism based on the circadian system – 
but one that ‘measures’ daylength rather than nightlength.

However, under fi eld conditions, P. apterus is a diurnal 
species, frequently active in bright sunshine. In late sum-
mer and autumn – when photoperiodic induction of dia-
pause occurs – light intensity may be several orders of mag-
nitude greater than that provided in the laboratory studies 

Fig. 8. Photoperiodic response curves for larvae of the fl esh fl y, S. 
argyrostoma exposed to trains of light pulses (1 to 21 h in duration) 
starting (closed circles) initially in-phase with their fi nal steady-
state (i.e. ending at Ct 12 h) or initially out-of-phase (open circles) 
(i.e. starting at Ct 12 h). With strong pulses (10 to 21 h) which 
produce Type 0 PRCs with large phase shifts there were no dif-
ferences between the two groups. With shorter pulses, however, 
particularly those of 6 h or less that produce Type 1 PRCs with 
small phase shifts, those cultures starting already in-phase with 
their fi nal steady-state result in a consistently high incidence of 
diapause, whereas those starting out-of-phase result in a lowered 
incidence of diapause probably because they undergo a series of 
non-steady state or transient cycles before they achieve entrain-
ment. Redrawn in part from Saunders (1982).

Fig. 9. Pupal diapause in S. argyrostoma exposed as larvae to 
light cycles (2L : 22D, 4L : 20D, 8L : 16D or 12L : 12D) at two light 
intensities, one ‘dim’ (about 240 μW cm–2) (closed circles, 5 to 6 
replicate experiments) or at much ‘brighter’ light (about 16,000 μW 
cm–2) (open circles, 5 to 6 replicate experiments). Closed and open 
squares are the mean values for each treatment. Increasing the 
irradiance of the light pulses increases the incidence of pupal dia-
pause, particularly for the shorter (2 and 4 h) pulses, an increase 
probably engendered by a change in PRCs from Type 1 to Type 0 
at higher light intensity. From Saunders (1982).
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described above. For this reason, this species may possess 
photoperiodic photoreceptors signifi cantly less sensitive 
than those in insects living in more cryptic situations, such 
as larvae of the fl esh fl y, S. argyrostoma, feeding within 
an animal carcase. If this were true, the use of experimen-
tal photophases of higher irradiance might strengthen light 
pulse PTCs from Type 1 to Type 0 – as in S. argyrostoma 

(Fig. 9) – and, in doing so, reset the circadian system to 
CT 12 h at the end of longer light pulses, thereby lead-
ing to nightlength measurement (as in many other species) 
showing evidence of external coincidence. This possibil-
ity is by no means trivial, indicating that the photoperiodic 
clock controlling diapause induction in P. apterus may be 
like many other such clocks with a photoinducible phase 
in the late subjective night. If, on the other hand, diapause 
induction were found to be regulated by the duration of 
the photophase, even at these higher light intensities, a 
photoinducible phase would of necessity occur early in 
the subjective night. Such a distinction might then have 
consequences, not only in determining whether the photo-
periodic clock in P. apterus resembles that in other insects, 
but also whether operation of a specifi c light-sensitive or 
‘photoinducible’ phase, occurring late in the night and sen-
sitive to illumination at dawn, is a crucial fi rst step in this 
species’ photoperiodic induction.
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