
available online at academic.oup.com/plankt

© The Author(s) 2020. Published by Oxford University Press. All rights reserved. For permissions, please e-mail: journals.permission@oup.com.

Journal of

Plankton Research academic.oup.com/plankt

J. Plankton Res. (2020) 00(00): 1–4. doi:10.1093/plankt/fbz070

BRIEF COMMUNICATION

Light exposure decreases infectivity of
the Daphnia parasite Pasteuria ramosa
ERIN P. OVERHOLT1,*, MEGHAN A. DUFFY2, MATTHEW P. MEEKS1, TAYLOR H. LEACH1 AND CRAIG E. WILLIAMSON1

1department of biology, miami university, 501 e. high street, oh 45056, usa and 2department of ecology and evolutionary biology,
university of michigan, 500 s. state street, mi 48109, usa

*corresponding author: overhoep@miamioh.edu

Received October 1, 2019; editorial decision November 30, 2019; accepted November 30, 2019

Corresponding editor: John Dolan

Climate change is altering light regimes in lakes, which should impact disease outbreaks, since sunlight can harm
aquatic pathogens. However, some bacterial endospores are resistant to damage from light, even surviving exposure to
UV-C. We examined the sensitivity of Pasteuria ramosa endospores, an aquatic parasite infecting Daphnia zooplankton,
to biologically relevant wavelengths of light. Laboratory exposure to increasing intensities of UV-B, UV-A, and visible
light significantly decreased P. ramosa infectivity, though there was no effect of spore exposure on parasitic castration
of infected hosts. P. ramosa is more sensitive than its Daphnia host to damage by longer wavelength UV-A and visible
light; this may enable Daphnia to seek an optimal light environment in the water column, where both UV-B damage
and parasitism are minimal. Studies of pathogen light sensitivity help us to uncover factors controlling epidemics in
lakes, which is especially important given that water transparency is decreasing in many lakes.
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INTRODUCTION

Changing temperature and precipitation related to
climate change are altering disease dynamics. One factor
that plays a role is declining water transparency, since
ultraviolet light penetration into lakes has germicidal
effects (Williamson et al., 2017). Thus, by decreasing light
penetration in lakes, climate change has the potential to
promote epidemics.

However, while we know that many microbes are
harmed by exposure to light, we also know some tolerate
light remarkably well. Endospores, a resting stage found
only in Gram positive bacteria of the group Firmicutes,
are highly resistant to disinfecting techniques (Nicholson
et al., 2000), including high levels of UV-C radiation
(Newcombe et al., 2005). Surprisingly though, in the
endospore form, the highly studied Bacillus showed
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decreased survival across a wide range of exposures,
from UV-B to full sunlight (Xue and Nicholson, 1996).
Other pathogens have shown a similar sensitivity to longer
wavelengths of light. For example, an aquatic pathogen—
the fungusMetschnikowia—was sensitive to solar radiation
even in the absence of UV, and field surveys showed larger
epidemics in less transparent lakes (Overholt et al., 2012).
Light can harm pathogens, and climate change is alter-

ing light regimes in lakes. Thus, investigations into how
aquatic pathogens and their hosts respond to light are
needed to better understand and predict disease dynam-
ics. Here, we test whether endospores of the virulent
bacterial pathogen Pasteuria ramosa are sensitive to biolog-
ically relevant wavelengths of light, and if light exposure
decreases its ability to lower fecundity in infected Daphnia

hosts.

METHOD

We exposed P. ramosa to different environmentally realistic
light conditions in the laboratory and measured sub-
sequent pathogen infectivity and host reproduction in
Daphnia dentifera. Shallow quartz dishes containing 25 mL
aliquots of P. ramosa spores (2000 spores mL−1) were
placed on a rotating wheel (2 rpm) for 12 h at 24◦C
in a UV-lamp phototron (Williamson et al., 2001) and
exposed to different levels of biologically relevant UV-
B, UV-A and visible light. In experiment 1, we exam-
ined the infectivity of P. ramosa under 10 intensities of
photorepair radiation (PRR, comprised of UV-A and
visible light), which stimulates repair of UV-damaged
DNA (eight replicates per treatment). Experiment 2 used
a two-way factorial design to measure the effects of light
wavelength and intensity on pathogen infectivity and host
fecundity. Spores were exposed to either UV-B and PRR
or visible light only at nine intensity levels (five replicates
per treatment) (see supplement for additional details).
Following exposure in the phototron in both experi-

ments, dishes were removed and a single, week-old D.

dentifera neonate was placed in each dish with the exposed
P. ramosa spores. After 3 days, D. dentifera were transferred
to 30 mL of spore-free, filtered lake water. In both exper-
iments, offspring were removed during water changes.
In experiment 2, neonates were quantified during water
changes and eggs in the brood chamber counted on day
25. After 25 days, individuals were examined for infection.
Animals that died before infections were detected were
not included in the analysis.
We used a binomial logistic regression model to test

the effects of increasing light intensity on infectivity for
each light treatment. A two-way ANOVA was used to test
the effect of light treatment and intensity on the number
of neonates produced. Analyses were conducted using R
version 3.4.4 (R Core Development Team).

Fig. 1. Proportion of Daphnia infected at each exposure level of
the pathogen to visible light, photorepair radiation (PRR, UV-A and
visible light) or UV-B+PRR. Lines represent the fitted logistic regres-
sion model for the visible light and PRR treatments. When UV was
blocked, the proportion of D. dentifera infected significantly decreased
with increasing exposure of the pathogen (experiment 2: visible light,
P < 0.01); the logistic model fit indicated that there was an 8.0%
decreased probability of infection for every 1% increase in light expo-
sure. We also found a significant negative relationship between light
intensity and infectivity when the pathogen was exposed to increas-
ing levels of PRR (experiment 1: PRR, P < 0.01); the logistic model
indicated that for every 1% increase in PRR exposure, the probability
of D. dentifera infection decreased by 6.5%. When exposed to the full
spectrum of light (experiment 2: UV-B+PRR), there was also a decline
in infectivity; this model would not converge due to the sharp cut off in
proportion infected, so the line does not represent the fitted model, but
instead simply connects the points.

RESULTS

Light exposure greatly decreased parasite infectivity: in all
three wavelength treatments, the highest rates of infection
were in the dark (0% light) and decreased with increasing
light exposure of the pathogen (Fig. 1). The fecundity
of Daphnia also increased with increasing exposure of P.
ramosa to light, but, for hosts that became infected, there
were no detectable changes in the number of neonates
produced over the small range of exposures where infec-
tions occurred (Fig. 2).

DISCUSSION

We found that endospores of P. ramosa are surprisingly
susceptible to longer wavelength UV-B, UV-A and even
visible light. This influence of light on spores benefitted
Daphnia by decreasing infection: hosts that were exposed
to spores that had been exposed to more light were
less likely to become infected and, therefore, produced
more offspring. When only infected hosts were consid-
ered, spore light exposure did not alter host reproduc-
tion. However, the small range of exposure levels at
which infected hosts were observed provides little power
to detect an effect.
Other aquatic pathogens are sensitive to longer wave-

lengths of light as well. For example, Cryptosporidium cysts
lost infectivity following exposure to UV (Connelly et al.,
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Fig. 2. Fecundity (neonates plus eggs on day 25 per female) of infected (triangles) and uninfected (circles) Daphnia in experiment 2 under conditions
of UV-B+PRR or visible light. Overall, Daphnia fecundity increased when spores were exposed to higher intensities (intensity P < 0.001, light
treatment P = 0.04), but, for hosts that became infected, there was no difference in the number of neonates produced in the different treatments
(intensity P = 0.12; light treatment P = 0.41), though the narrow range of light exposures in which there were infected hosts led to low power to
detect an effect. Error bars represent means ± 1 SE.

2007; King et al., 2008) and visible light (Connelly et al.,
2007). Natural sunlight caused additional sublethal effects
on the protein secretion required by Cryptosporidium for
attachment to its host (King et al., 2010). The fungal
parasite Metschnikowia, which can be found in the same
lake systems as P. ramosa, was also sensitive to both short
wavelength UV-B, longer wavelength UV-A and visi-
ble light in both laboratory and field studies (Overholt
et al., 2012). Another field study suggested that Pasteuria
was susceptible to solar radiation; however, sensitivity
to visible light was not specifically tested (Shaw, 2019).
By decreasing the infectivity of spores, light exposure
may also affect reproduction through incomplete parasitic
castration, which can result from low spore dose (Ebert
et al., 2004).
In our study, P. ramosa exhibited decreased infectivity

even under long wavelength UV-A and visible light, in
the absence of UV-B, though shorter wavelengths overall
caused the greatest decrease in infectivity. In contrast,
these longer wavelengths benefit the host, Daphnia, by
stimulating photorepair of DNA damage (Macfadyen
et al., 2004). Since the same wavelengths that damage

the pathogen can benefit the host, Daphnia may be able
to find a refuge from disease and damaging UV-B at
intermediate depths in the water column where UV-A
and visible light levels are high, but damaging UV-B is less
intense. However, many cues influence Daphnia position
in the water column, and avoidance of visual predators
in the surface waters may actually increase infection risk
in some systems (Decaestecker et al., 2002). Future studies
on the relative positions of Daphnia and different natural
enemies in the water column would help to uncover how
they balance different risks.

CONCLUSION

Lakes in many regions are experiencing lower intensity
light regimes due to increased dissolved organic mat-
ter inputs and/or eutrophication (Monteith et al., 2007;
Solomon et al., 2015; Williamson et al., 2015; Strock et al.,
2017). Our finding that the common bacterial pathogen
P. ramosa is sensitive to both UV and visible light suggests
that decreases in lake transparency through “browning”
and/or “greening,” may allow for increased P. ramosa
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prevalence. Climate change induced increases in thermal
stratification and decreases in transparency in lakes may
also alter the exposure of both parasites and hosts to
sunlight (Williamson et al., 2019).

SUPPLEMENTARY DATA
Supplementary data are available at Journal of Plankton Research
online.
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