Endocrine Control of Retinal Sensitivity in Hyla cinerea
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Results: Spectral Sensitivity of Hyla cinerea

Introduction
Many behavior pa.erns that are strongly modulated by hormones, such as
mate choice, are mediated by visual processing. Yet, li.le is known about the
eﬀect of reproduc>ve hormones on the re>na, which is cri>cal to understanding
how visual signals are processed during these behaviors. For the green tree
frog, Hyla cinerea, the visual signal produced by the throat sac during calling
enhances female mate-choice behavior (Laird et al., 2016). This phenomenon
paired with the dorsal colora>on shiI (e.g., bright green phenotype; Figure 1)
associated with the reproduc>ve season suggests that visual spectral tuning
could be important in the reproduc>ve repertoire of H. cinerea (King et al.
1994; Gunzburger 2006). To test how spectral sensi>vity may shiI seasonally
we performed electrophysiological recordings on the re>na of reproduc>vely
primed females (collected from a breeding pool) and cap>ve females who were
in a non-reproduc>ve state. Our hypothesis is that hormones modulate
s4mulus sensi4vity in the re4na during reproduc4vely recep4ve phases and
inﬂuence mate choice behavior through modula4on of color vision.

A

• It was necessary to first categorize the overall
spectral sensitivity of H. cinerea.
• Frog retina were stimulated with different
wavelengths of 2.157 cd s/m2 (0.33 Log cd s/m2)
intensity light flashes.
• The maximum bipolar cell response (B-wave)
was calculated from the baseline of the
recordings.
***

Hormone Injections Induce
Threshold Shift
• A 500nm ERG compared threshold for the same non-reproductive
individual without and with hCG injection.
• A two sample KS test shows that hCG treatment significantly
shifts the response curve (V Log(I)) to the left (p<0.05).
• This indicates a lower threshold response and therefore increased
sensitivity to 500nm of light.

H. cinerea are responsive to
wavelengths of light spanning the
human visible light spectrum

hCG injections
shift retinal
sensitivity of
NonReproductive
Females
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Figure 4: b-wave amplitude for saturating, isointensity stimulation at different wavelengths (n=16). These data illustrate that H. cinerea retina are
responsive to wavelengths spanning the visible light spectrum (400-700nm). An ANOVA with a Tukey-Kramer pair wise comparison was used to
test for a difference between b-wave responses to different wavelengths. Responses to long wavelengths of light (700nm) were significantly less
than the responses to each short wavelengths (F6,101=11.82, p<0.001).

Reproductive State is Correlated with a Shift in
Visual Response Threshold
Figure 1: Male H. cinerea exhibit a bright green phenotype when advertising during the
breeding season (A) and a darker phenotype outside of the breeding season (B).

Figure 7: V-Log(I) curves for the same individual indicates that hCG treatment causes a
significant increase in sensitivity to 500nm light.

Research Question: What is the effect of reproductive
endocrine state on retinal function?

Future Directions

Methods: Confirming Reproductive Status
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Figure 2: Reproductive status was confirmed in a subset of individuals through cresyl violet
staining of the ovaries. Reproductive frog ovaries contained mature oocytes (A), while frogs
in a non-reproductive state contained developing oocytes (B).

Methods: Electroretinograms
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• Electroretinograms (ERGs) record retinal electrical activity in response to
separate light stimuli spanning the visible light spectrum (400-700nm) in
awake paralyzed frogs that had been dark adapted for 16 hours.
• Isointensity light stimuli were used to calculate within individual spectral
sensitivity, while stimuli increasing in intensity were used to the calculate
threshold response for each wavelength.
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Figure 3 : Experimental design where reproductive or non-reproductive females are exposed to
wavelengths of light and ERG responses are recorded. The ERG trace indicates the response of
photoreceptors (a-wave) and bipolar cells (b-wave), which is used to quantify retinal sensitivity.

• The minimum a-wave (the hyperpolarization of photoreceptors) and the
maximum b-wave (the depolarization of bipolar cells) were calculated
from the ERGs for each wavelength of light.
• Human chorionic gonadotropin (hCG) injections were used to induce
reproductive like state in non-reproductive females.

Figure 5: V-Log(I) curves showing average ERG b-wave responses to wavelengths of light for non-reproductive (top) and reproductive
(bottom) females. Each point represents the mean relative b-wave response with error bars denoting ±SER. Curves illustrate the Boltzmann
function fit to the population’s data set. Dotted line indicates the threshold (10%) response.

• Frogs were treated with
a wavelength of light at
increasing intensities.
• The threshold ERG bwave response was
calculated when the
relative amplitude
reached 10% of the
maximum response for
that individual at that
wavelength.
• Reproductive females
showed a significantly
greater sensitivity (i.e.
lower threshold) to
450nm, 500nm, and
600nm light.

?

• Molecular methods will be used to
identify the modulatory
mechanism that hormones act on
within the retina.
• ELISAs will be used to confirm the
effect that HcG treatment has on
circulating hormone concentration.
• FISH will be used to identify the
types and locations of opsins
present in the retina of H. cinerea.
• A mate choice behavioral
paradigm will be used to
determine the effect of spectral
sensitivity on reproductive
behavior.

Figure 8: 1µm plastic section of a H. cinerea retina stained with toluene blue. Letters denote
retinal layers; Photoreceptor Layer (PR), outer nuclear layer (ONL), outer plexiform layer (OPL),
inner nuclear layer (INL), inner plexiform layer (IPL), and the ganglion cell layer (GC). The red
box highlights the location at which we hypothesize hormonal modulation is occurring.

Light Source

Reproductive
females are more
sensitive to certain
wavelengths of light
Figure 6: Reproductive vs. nonreproductive average threshold from
Fig. 5. Box size is based on the
range of data points falling between
the 2nd and 3rd quartiles. Mean is
represented by the filled circle and
median by the bold line. Opaque
boxes represent reproductive
individuals, while non-reproductive
are translucent. Statistical analysis
was completed by two way ANOVA
with Tukey-Kramer pairwise
comparison (F3,1=1.43, p<0.05).
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Figure 9: A behavioral paradigm in which a frog model is illuminated by a wavelength of light
and frogs are scored by time spent within an association zone. This experiment will be
repeated for every wavelength of light examined by the ERGs.
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