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Abstract. The purpose of this paper is to explore the firing rate of the caudal photoreceptors (CPRs) 
from the sixth abdominal ganglion of the crayfish Cherax quadricarinatus. We use simultaneous 
extracellular recordings on left and right CPR in the isolated ganglion (n = 10). The CPRs showed 
an asymmetry in the spontaneous activity and light-induced response. In darkness, we observed 
one subgroup (70%) in which the left CPR (CPR-L) and right CPR (CPR-R) had spontaneous firing 
rates with a median of 18 impulses/s and 6 impulses/s, respectively. In another subgroup (20%), the 
CPR-R had a median of 15 impulses/s and the CPR-L had 8 impulses/s. In both groups, the differ-
ences were significant. Furthermore, the CPRs showed an asymmetrical photoresponse induced by 
a pulse of white light (700 Lux, 4 s). In one subgroup (30%), the CPR-L showed light-induced activ-
ity with a median of 73%, (interquartile range, IQR = 51), while the CPR-R had a median of 41%, 
(IQR = 47). In another subgroup (70%), the CPR-R showed a median of 56%, (IQR = 51) and the 
CPR-L had a median of 42%, (IQR = 46). In both groups, the differences were significant. Moreover, 
we observed a differential effect of temperature on CPR activity. These results suggest a functional 
asymmetry in both activities from left and right CPRs. These CPR activity fluctuations may modulate 
the processing of information by the nervous system.
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Introduction

In the freshwater crayfish, light preferences for locomotive 
behavior are mediated by the compound eyes, brain photore-
ceptors, and caudal photoreceptors (CPRs). This photosensi-
tive system modulates locomotive activity in the animal by 
different physiological mechanisms (Fernández de Miguel 

and Aréchiga 1992; Aréchiga and Rodríguez-Sosa 1997; 
Kozák et al. 2009; Sullivan et al. 2009; Strauss and Dircksen 
2010; Rodríguez-Sosa et al. 2017). Variations in light inten-
sity throughout the day may expand by approximately nine 
logarithmic intensity units (Nilsson 2009). 

The current study focuses on the caudal photoreceptors. 
The CPRs consist of a pair of bilateral photosensitive neurons 
among the 600 to 700 neurons that comprise the entire 6th 
abdominal ganglion (6th AG). The caudal photoreceptor pro-
duces small contralateral dendritic branches and the axons 
send projections along the ganglia chain, passing through the 
thoracic, subesophageal, and reaching the supraesophageal 
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ganglia. The CPR is in the anterior part of the ventral side 
of the ganglion and in the five to six abdominal connec-
tives assumes a ventral position of the cord (Wilkens and 
Larimer 1972, 1976; Simon and Edwards 1990). The CPRs 
display a spontaneous action potential for darkness, making 
a phasic-tonic activity in direct response to high levels of 
illumination. The molecular expression of the CPR photo-
pigments has been suggested (Kingston and Cronin 2015); 
its subcellular localization (Uchizono 1962), as well as the 
phototransduction mechanism (Kruszewska and Larimer 
1993), are only partly known. Intracellular recordings from 
CPR dendrites suggest that they are the sites of light trans-
duction (Wilkens 1988). Additionally, these neurons respond 
trans-synaptically to mechanosensory inputs (Wilkens and 
Larimer 1972; 1976; Wilkens 1988; Bahar and Moss 2004). 
The CPR has been studied in different decapod crustaceans 
from marine and freshwater sites, revealing that photosensi-
tive neurons also show similarities in their anatomic location 
and light responsiveness (Wilkens and Larimer 1976).

Recently, the spontaneous activity and photoresponse 
of CPRs has been studied in crayfish (Rodríguez-Sosa et 
al. 2008; Villagran-Vargas et al. 2013; Nesbit et al. 2015). 
When tested for light pulses of different intensities, the CPR 
responsiveness at night is almost one log unit greater than 
in daytime (see Rodríguez-Sosa et al. 2008). Furthermore, 
the CPR also behaves as a  circadian pacemaker, which is 
involved in the synchronization of the diurnal rhythm of 
locomotive activity in the crayfish (see Rodríguez-Sosa et al. 
2008, 2012; Strauss and Dircksen 2010). However, in these 
studies, no information is available for identifying the lateral 
location of the CPR. 

On the other hand, different studies have shown sensory 
and motor asymmetries in behavior, as well as asymmetries 
in the nervous system, in invertebrates (see Frasnelli et al. 
2012, 2013). In crustacean decapods, left and right asym-
metries have been reported in conspicuous anatomical 
regions, such as the cephalothorax (Tobo et al. 2012), claws 
(Palmer 2016), and the tail curvature (Takeuchi et al. 2008). 
Some functional properties showed asymmetry. Takeuchi 
et al. (2008) suggested that shrimp has an innate left-right 
lateral movement ability in terms of their escape direction, 
which may affect prey-predator interactions. Crayfish use 
their limbs during aggression; asymmetries of limb per-
formance could affect this behavior (Angilletta and Wilson 
2012).

Levin et al. (2016) have suggested that left and right 
asymmetries in organisms arise from embryogenesis. 6th AG 
develops from two embryonic neuromeres in the crayfish 
Procambarus clarkii (Kondoh and Hisada 1986; Mulloney 
et al. 2003), and the CPR-axons are in the ventral cord, in 
Wiersma area 82 for the left hemicord, and in area 79 of the 
right hemicord of the cord map of the crayfish (Hermann 
1972). Other reports showed electrophysiological record-

ings from the two caudal photoreceptors (Kennedy 1963; 
Hermann and Olsen 1968). For each CPR, micro-regional 
illumination on the ventral surface of the 6th AG estimated 
that the light sensitive area was 2–3 times greater on the 
left side than the right side of the crayfish Orconectes virilis 
(Hermann and Olsen 1968).

Although the physiology of these photosensitive neurons 
is well established, their comparative properties between 
the left and right caudal photoreceptor (CPR-L and CPR-R 
respectively) has not been thoroughly studied. Thus, we 
simultaneously explored the spontaneous discharge of ac-
tion potentials in darkness and during photoresponse from 
the CPR-L and the CPR-R, and the effect of temperature 
in both activities of the left and right CPRs. This study was 
performed using an extracellular recording procedure in 
the isolated 6th AG of the crayfish Cherax quadricarinatus.

Materials and Methods

Experimental animals

We used ten adult crayfish Cherax quadricarinatus with 
weights ranging from 30 to 40 g, and carapace lengths rang-
ing from 11 to 13 cm from the rostrum to telson. Animals 
were acquired at a local provider and were kept in the labo-
ratory in aerated water containers for two weeks before the 
experiments, with a program of 12:12-hours of light-dark 
cycles and the light intensity during the daytime period had 
560 Lux. The animals had free access to vegetables and dried 
fish as food. Animal care was in accordance with the policies 
of the Society for Neuroscience (2017), and the protocol was 
approved by the ethical committee, Faculty of Medicine, 
National Autonomous University of Mexico, Mexico. 

Extracellular recordings

Electrophysiological experiments were performed in accord-
ance with a previously described procedure (Rodríguez-Sosa 
et al. 2006, 2011). Briefly, the AG chain was removed from 
the crayfish under the ice-cold modified physiological saline 
Van Harreveld (VH) solution (Van Harreveld 1936), (205 
mM NaCl, 5.4 mM KCl, 2.6 mM MgCl2, 13.5 mM CaCl2, 
and 10 mM HEPES), and pH was adjusted to 7.4. The iso-
lated 6th AG and some nerve bundles between the 5th and 
the 6th AG were dissected using a stereoscopic microscope. 
Then, the biological preparation was transferred to the 
recording chamber mounted on a  microscope (SMZ800, 
Nikon) with VH saline solution perfusion (approximately 
1 ml/min) in the dark. Usually, the 6th AG was maintained 
at room temperature (24 ± 1.7°C). For some experiments, 
these ganglia were stabilized at 25°C or 15°C by supplying 
the water from a temperature-regulated bath. 
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As shown in Figure 1A, B, extracellular recordings were 
made with suction electrodes filled with the saline solution 
of VH, and these electrodes were positioned on the right 
and left hemicord, respectively, and the reference electrode 
(Ag-AgCl) was in the bath solution. Signal recordings were 
made by using AC amplifiers (EX1, Dagan), filtered at 30 
Hz to 10 kHz with a band-pass filter system, and displayed 
on an oscilloscope (Gould 1604). As described earlier, 
the photoresponse of the CPR depends on light intensity 
(15–900 Lux) and the time of day (see Rodríguez-Sosa et 
al. 2008). The current study was made between 11:00 to 
14:00 hours, using a constant white light pulse (700 Lux, 
4  s). It allowed us to compare easily the light-induced 
activity in the left-right CRPs in the isolated ganglion of 
different crayfish. Light pulses were delivered by a photo-
stimulator (Grass PS33), which produced white incandes-
cent light. The calibration of intensity was performed with 
a  photographic light meter (Goossen, model Luna-Pro, 
Germany). Electrophysiological data were recorded onto 
a computer using Spike2 software and a Micro-1401 AD 
board (CED, Cambridge, UK). The sorting spike from the 
CPRs was made off-line by the Spike2 software.

Statistical analyses

The spontaneous activity of the CPRs in darkness was 
measured by the frequency of action potentials per second 
and described with median values and interquartile range 
(IQR). The light photoresponse was normalized as follows: 
we calculated the variation in the frequency of action poten-
tials per second for the CPR activity, and it was subtracted 
from the mean value of its basal activity of the light-induced 
activity and normalized the value maximum of one caudal 
photoreceptor in each 6th AG. The findings were expressed 
as ΔF (%), and median values and their IQR were calculated.

The firing rates from the CPRs were analyzed with the 
normality test in accordance with the Shapiro-Wilk test or 
Kolmogorov-Smirnov. The firing rate from the CPRs did 
not have a normal distribution; Friedman’s test was used. 
Additionally, the firing rate of the spontaneous activity 
(impulses/s), and the photoresponse ΔF (%), between left 
and right CPR activities for two-samples were also compared 
using the Mann-Whitney test. All statistical analyses were 
established with p < 0.05. Statistical analyses were done with 
Origin (OriginLab, Northampton, MA).

Figure 1. Electrophysiological recordings 
of the left and right caudal photoreceptor 
(CPR-L and CPR-R respectively) from the 
isolated ganglion. A. Scheme of the 6th AG 
showing how the cord between the sixth 
and fifth abdominal ganglia was micro-
dissected into left and right hemicords. 
Extracellular recordings were made with 
a suction electrode. B. Approximate loca-
tion of the CPR axons in the connective 
tract between the sixth and fifth abdominal 
ganglia (modified from Hermann 1972). 
C. Microphotography showing a putative 
CPR after being backfilled with Lucifer 
yellow (modified from Rodríguez-Sosa 
et al. 2006). D.  Recordings of multi-unit 
activity from the right hemicord. Arrows 
show basal activity of CPR-R. Scale bars: 
0.2 s and 1 mV as an insert. E. Light-in-
duced activity from CPR-R. Note the time 
course of the variation in the frequency 
of action potentials induced by a  pulse 
of white light. The scale vertical of 1 mV 
as an insert. At bottom, a  light pulse is 
displayed. F.  Overdraw waveform of 30 
spikes from the CPR-R. G. Recordings of 
multi-unit activity from the hemicord-left. 

The spontaneous activity from CPR-L is indicated by the arrows. Scale bars: 0.2 s and 0.5 mV are indicated. H. Light-induced 
activity from CPR-L. The scale vertical at 0.5 mV is indicated. At the bottom, a light pulse is displayed (700 Lux, 4 s). I. Overdraw 
waveform of 30 spikes from the CPR-L.
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Results

Analysis of CPR activities from multiunit activity in the 
isolated sixth abdominal ganglion

The first step in this study consisted of making simultaneous 
recordings and identifying the CPR-L and CPR-R activi-
ties in the isolated sixth abdominal ganglion (Fig. 1). First, 
extracellular recordings were made with a suction electrode 
placed in the left-right hemicord (see Figs. 1A, B). Second, 
multiunit activity from the continuous electrophysiological 
recordings (see Figs. 1D, E, G, H) was examined onto the 
spike classification algorithm; differences in waveform, am-
plitude, and duration formed part of a basis for separating 
spikes from different putative neurons. Usually, the spikes 
from the left and right CPRs had extracellular potentials 
biphasic, negative-positive shapes and different amplitudes 
(see Figs. 1F, I). Third, the analysis of the neuronal popula-
tion allows this characterization of multi-spike trains, and 
it was carried out in accordance with their temporal firing 
patterns of the left and right CPRs in response to the light 
stimulus (see Figs. 1E, H).

Asymmetry from left and right CPR firing rate  
in darkness

The left and right CPR activities in darkness at room tem-
perature were recorded in a group of nine isolated ganglia. 
CPRs showed a tonic firing rate, and this activity had an 
asymmetry between CPR-L and CPR-R. Data analysis was 
carried out in bins of one second and computed in one 
minute, and showed two subgroups of CPRs. We observed 
one subgroup (70%) in which CPR-L had a spontaneous 
firing rate median of 18 (IRQ = 11) impulses/s and CPR-R 
had a  median of 6 (IRQ = 3) impulses/s. The pairwise 
comparison of the Mann-Whitney U test was significant; 
Z = –24.930, p < 0.001 (see Fig. 2A). In another subgroup 
(20%), CPR-R had a spontaneous firing rate median of 
15 (IRQ = 7) impulses/s, and CPR-L had a median of 8 
(IRQ = 4) impulses/s. The pairwise comparison of the 
Mann-Whitney U test was significant; Z = –11.966, p < 
0.001 (see Fig. 2B).

Asymmetric photoresponse in the left and right CPR to 
white light pulses

The light and induced activity was studied in a group of 
seven biological preparations. The time course of the vari-
ation in the frequency of the action potentials (ΔF (%)) 
induced by a pulse of white light (700 Lux, 4  s) showed 
a latency of ~1.2–1.5 s. The time to produce the maximum 
photoresponse after applying the luminous stimulus was 
2.4–3.2 s. Data analysis of the light-induced activities in 
the left and right CPRs from 10 to 30 seconds showed two 
subgroups of ganglia. 

In the first group, the differences between left and right 
CPRs before light-pulses were not found (Z = –0.932, p > 
0.05). The CPR activities showed differences in time inter-
vals after light-pulses: Χ² (2) = 69.644, p < 0.001 to CPR-L, 
and Χ² (2) = 64.490, p < 0.001 to CPR-R. Then, statistically 
significant differences between CPR-L and CPR-R were 
noted between 10 to 30 s. The pairwise comparison of the 
Mann-Whitney U test was significant. In the interval from 0 
to 10 s, there was a significant statically difference Z = –3.090, 
p < 0.01, from 10 to 20 s the difference was Z = –2.736, p < 
0.01; and from 20 to 30 s the difference was Z = –2.663, p < 
0.01 (see Fig. 3A).

In the other group, the differences between left and right 
CPRs before light-pulses were not observed (Z = –0.509, p > 
0.05). The CPR activities showed differences in time inter-
vals after light-pulses: Χ² (3) = 115.194, p < 0.001 to CPR-L, 
and Χ² (3) =142.87, p < 0.001 to CPR-R. However, for this 
group, statistically significant differences between CPR-L and 
CPR-R were noted only at 10 s. The pairwise comparison of 
the Mann-Whitney U test was significant; Z = –2.684, p < 
0.01 (see Fig. 3B).

Figure 2. The left and right CPR activity in darkness plotted as 
the line series (mean values). Note the distinct activity between 
the CPR-L and the CPR-R in two groups of ganglia. A. CPR-L has 
a higher activity regarding the CPR-R. B. Another group where 
CPR-R expresses a higher spontaneous activity with respect to the 
CPR-L. *** p < 0.001, differences between groups were significant.
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Differential effects of temperature on the left and right CPR 
activities

The next step in this study consisted of testing the effect of 
temperature on spontaneous activity in the darkness for each 
CPR. The experiment was started at 25°C and then lowered 
to 15°C, from a group of two biological preparations. Figure 
4A shows the time course of the spontaneous activity in 
darkness at 25°C in both CPRs. CPR-L had a spontaneous 
firing rate median of 33 (IRQ = 14) impulses/s (n = 3), and 
CPR-R had a median of 7 (IRQ = 3) impulses/s. The pairwise 
comparison of the Mann-Whitney U test was significant; Z = 
–16.433, p < 0.001. Figure 4B illustrates the time course of 
the spontaneous activity in darkness at 15°C for the CPRs. 
CPR-L had a spontaneous firing rate median of 14 (IRQ = 11) 
impulses/s. CPR-R had a median of 5 (IRQ = 3) impulses/s. 

The pairwise comparison of the Mann-Whitney U test was 
significant; Z = –14.552, p < 0.001.

The light-induced activity in both CPRs at 25°C showed 
a latency of ~0.7–1.5 s. The time to produce the maximum 
photoresponse after applying the luminous stimulus was 
3.5–4.0 s. 

Then, this activity had a gradual recovery. The time course 
of light-induced activity from CPRs at 25°C is shown in 
Figure 5A. No differences were found between left and right 
CPRs before light-pulses (Z = –0.533, p > 0.05). CPR activi-
ties showed differences in time intervals after light-pulses; 
Χ² (2) = 65.909, p < 0.001 to CPR-L, and Χ² (2) = 71.465, p < 
0.001 to CPR-R. However, for this group, statistically signifi-
cant differences between CPR-L and CPR-R were observed 
only at 10 s. The pairwise comparison of the Mann-Whitney 
U test was significant; Z = –2.070, p < 0.05 (Fig. 5A). 

Figure 3. Time course of the light-induced activity from the 
CPR. A.  The box plot for CPR-L (dashed box) compared to 
CPR-R (clear box). At the bottom, the pulse of white light is in-
dicated by the arrow. Ordinates, ΔF (%), box values represent the 
median and interquartile range. Note the major photoresponse 
from CPR-L compared to CPR-R. B. Light-induced activity in 
another group of CPR, a major increased photoresponse from 
the CPR-R versus to the CPR-L. ** p < 0.01, difference between 
groups was significant.

Figure 4. Effect of temperature on spontaneous activity in the 
darkness from CPR. Time course from left and right CPR for 
the spontaneous firing rate in the dark at 25°C and 15°C. Caudal 
photoreceptor on the left side (in filled rectangles) and caudal 
photoreceptor on the right side (in clear circles). Ordinates, fir-
ing rate (impulses per second), values represent mean ± standard 
deviation. A. Note the high activity from CPR-L at 25°C. B. The 
firing rate of the left and right CPRs at 15°C. Both CPRs showed 
lower spontaneous activity under this condition. *** p < 0.001, the 
difference between groups was found to be significant.
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The photoresponse was recorded by lowering the tem-
perature in these same ganglia to 15°C. As seen in Figure 
5B, no differences between left and right CPRs before light-
pulses were found (Z = –0.296, p > 0.05). In both CPRs, the 
photoresponse showed similar values for latency, the time 
to produce the maximum activity after the light stimulus 
above described. The CPR activities showed differences in 
time intervals after light-pulses: Χ² (2) = 52.691, p < 0.001 
to CPR-L, and Χ² (2) = 45.157, p < 0.001 to CPR-R. Then, 
statistically significant differences between CPR-L and CPR-R 
were noted from 10 to 30 s. The pairwise comparison of the 
Mann-Whitney U test was significant. In the interval from 0 
to 10 s, there was a significant statically difference Z = –3.667, 
p < 0.001; from 10 to 20 s the difference was Z = –4.289, p < 
0.001; and from 20 to 30 s the difference was Z = –4.378, p < 
0.001 (see Fig. 5B).

Discussion 

The current study focused on comparing spike trains si-
multaneously measured in the left and right CPRs in the 
isolated sixth abdominal ganglion of the crayfish Cherax 
quadricarinatus. The CPR-L and CPR-R showed asymmetri-
cal firing rates for the spontaneous activity in darkness and 
in the light-induced activities. Moreover, the temperature 
had a differential influence on CPR activities.

The electrophysiological procedure was based on the 
population analysis of neuronal recordings (see Quian Qui-
roga and Panzeri 2009), and provides a view on how spike 
activities from the left and right CRPs were evaluated. Typi-
cally, the left and right CPR extracellular action potentials 
had a biphasic, negative-positive shape (Figs. 1F, I), which 
is in accordance with the volume conductor theory (see 
Heinricher 2004), suggesting that the source of the currents 
of the spikes were generated near the initial segment of the 
axon-soma of the CPR, then being propagated into the axon 
of left and right CPRs, with a conduction velocity of 4.25 ± 
0.2 m/s (Villagran-Vargas et al. 2013). Thus, these waveforms 
suggest that electrodes were located near the source of the 
currents for the spikes. 

As mentioned earlier, the asymmetry in the properties of 
the anatomy, nervous system and behavior are the themes 
of study in crustaceans (Takeuchi et al. 2008; Angilletta 
and Wilson 2012; Palmer 2016). Other authors have also 
reported some differences in the recordings from the two 
CPRs in darkness with respect to their light-induced activity 
(Kennedy 1963; Hermann and Olsen 1968). We emphasized 
here laterality, and compared the spontaneous firing rate in 
darkness and the photoresponses from CPR-L and CPR-R. 
In the dark, we observed two subgroups of ganglia, where the 
main subgroup (70%) showed that CPR-L had a higher spon-
taneous firing rate compared with CPR-R (Fig. 2). In other 
studies, it was reported that the mechanosensory system has 
a role in excitatory and inhibitory effects in CPRs which is 
mediated trans-synaptically (Kennedy 1963; Hermann and 
Olsen 1968; Wilkens and Larimer 1976; Pei et al. 1996). The 
CPR responded preferentially to water-jet stimuli presented 
ipsilaterally to the CPR (Tautz and Plummer 1994). Addi-
tionally, this photosensitive neuron has an electrical activity 
that is like an endogenous pacemaker (Larimer 2000), and 
behaves as an oscillator on the circadian system of the cray-
fish (Rodríguez-Sosa 2008, 2012; Strauss and Dircksen 2010). 
In addition to this, we noted the presence of two subgroups 
of 6th AG with asymmetric light-induced activity. This can 
be seen in Figure 3, where, in 70% of the ganglia, the CPR-R 
showed the maximum photoresponse. In the other 30% of 
ganglia, the CPR-L had the greatest light-induced activity. 
Kingston and Cronin (2015) described the expression of two 
retinal photopigments in the crayfish P. clarkii. These opsins 
have maximum sensitivity, 440 nm short wavelength (SWS) 

Figure 5. Effect of temperature on the light-induced activity of 
the CPR. A. Box plot for CPR-L (dashed box) compared to CPR-
R (clear box) at 25°C. At the bottom, the pulse of white light is 
indicated by the arrow (700 Lux, 4  s). Ordinates, ΔF  (%), box 
values represent the median and interquartile range. Note the 
major photoresponse from CPR-L compared to CPR-R. B. The 
light-induced activity of the CPRs at 15°C showed lower activities. 
Note the major photoresponse from CPR-L compared to CPR-R. 
* p < 0.05; *** p < 0.001, differences between groups were found 
to be significant.
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and 530 nm long wavelength (LWS), suggesting that these 
two opsin proteins may participate in caudal photoreception 
in the 6th AG. We may consider a dynamic balance in the 
content of the opsins in the two groups of CPRs. Battelle 
(2016) has reviewed the physiology of opsins with apparently 
low expression levels in another extraocular photoreceptor 
model. Moreover, light enhances the transduction of hydro-
dynamic stimuli, possibly through fluctuations in membrane 
potential of the CPR (Pei et al. 1996; Bahar and Moss 2003). 
Furthermore, some substances have been postulated as 
a neurotransmitter or neuromodulators on CPR activities. 
5-hydroxytryptamine (Rodríguez-Sosa 2006, 2007, 2008), 
dopamine (Rodríguez-Sosa et al. 2011) and acetylcholine 
(Hermann and Skiles 1969) showed different effects on the 
firing rate in darkness and in the light-induced activity of the 
CPRs. It is interesting that the asymmetric neurotransmitter 
release has been reported in olfactory receptor neurons in 
Drosophila (Gaudry et al. 2013). 

Recently, preference and tolerance to temperature in 
crayfish has been studied (García-Guerrero et al. 2013; West-
hoff and Rosenberger 2016). The temperature dependence 
for the CPR activities has been described (Larimer 1967; 
Belanger 1988; Rodríguez-Sosa et al. 2008), but the activity of 
CPR-L and CPR-R has not been specified. The current results 
showed a  differential effect of temperature in CPR-L and 
CPR-R in darkness and in light-induced activity (Figs. 4, 5, 
respectively). This assay was performed (Figs. 4, 5) set with 
a temperature range from 15°C to 25°C, which are between 
the temperature ranges of 12°C to 33°C found in the native 
environment of the crayfish C. quadricarinatus (Masser and 
Rouse 1997). Interestingly, another author has reported 
temperature robustness in neuronal oscillators (Caplan et 
al. 2014). The transient receptor potential (TRP) channels 
have been postulated to be involved in thermal sensitivity in 
crayfish P. clarkii (Ríos-Cano et al. 2014), but the mechanism 
for temperature sensitivity in CPRs is not known. 

Overall, the results in the present study provide insight 
into the asymmetry of CPR-L and CPR-R in both activities. 
These results suggest a  starting point for future research 
into the functional asymmetry of the CPRs in circadian 
rhythms and locomotive behavior in crayfish. This includes 
possible mechanisms involved in asymmetrical activities 
from the CPRs, as the potential of membrane fluctuations, 
the expression of opsins (LWS, SWS), and the TRP chan-
nels. Other studies should also focus on characterizing the 
physiological role of this asymmetry on left and right CPR 
activities in the crayfish. 

Conclusions

The procedure described here for the analysis of neuronal 
recordings was reproducible for characterizing left and 
right CPR activities in the isolated ganglion. The results 

here provide insight into the asymmetry and spontaneous 
firing rate in darkness and in light-induced activity in CPRs. 
CPR-L and CPR-R showed differential thermal-sensitivity. 
These asymmetries may be considered a  new functional 
property of CPRs. 
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