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In a recent Analysis article (The elemental 
composition of virus particles: implica‑
tions for marine biogeochemical cycles. 
Nature Rev. Microbiol. 12, 519–528 (2014))1, 
Jover et al. highlight the generally over‑
looked potential biogeochemical importance 
of the elements that are bound in virus 
particles. Here, we wish to discuss the fate 
of marine virioplankton (that is, free virus 
particles in the water column), which further 
extends our knowledge of the biogeochemi‑
cal cycling of the elements that are present in 
viral particles in the ocean.

After being released into seawater, virus 
particles face complex environmental condi‑
tions before they successfully encounter their 
specific hosts and start a new life cycle2–4. 
Most viruses are impeded from establish‑
ing a new infection and, in natural seawater, 
a major loss of infectivity and decay of 
viral particles is observed over periods of 
hours and days2–4. This rapid turnover rate 
of marine virioplankton suggests that the 
chemical elements within these particles also 
undergo fast and active cycling. Jover et al. 
suggest that these elements, particularly 

phosphorus, could make a considerable con‑
tribution to marine elemental reservoirs1. In 
fact, the direction of flow and biogeochemi‑
cal cycling of these elements depends on 
the fate of the virioplankton (FIG. 1), which is 
determined by different biological, chemical 
and physical factors.

UV irradiation (especially UV‑B irradi‑
ation) has been considered to be one of 
the main causative factors responsible for 
the presence of defective viruses in surface 
marine environments5,6. An average loss 
of viral infectivity of 0.2 per hour has been 
observed under full sunlight for a diverse 
range of marine virus isolates4. Although 
solar radiation mainly decreases viral infec‑
tivity, extracellular enzymes produced by 
bacterioplankton and other microorgan‑
isms degrade viral particles, and the viral 
components therein (mainly protein and 
nucleic acid) are released into the marine 
dissolved organic matter (DOM) pool and 
can be utilized by bacterioplankton and 
cycled within the microbial loop7 (FIG. 1). It is 
evident that direct or indirect grazing by pro‑
tists (for example, phagotrophic flagellates) 

contributes to the removal of viruses8,9, which 
acts as top‑down control for virioplankton 
and transfers the viral component to higher 
trophic levels of the marine food web (FIG. 1). 
The effects of grazing on the removal of viral 
particles are more significant in eutrophic 
than in oligotrophic waters and depend on 
the abundance of both viruses and protists8,9. 
The viral components and elements that are 
transferred into the microbial loop and food 
web are mainly cycled locally. However, viral 
particles will also be absorbed onto particles 
(for example, particular organic matter or 
transparent exopolymeric particles) and then 
vertically settle down to the deep ocean2–4 
(FIG. 1) or are transported laterally with the 
water mass. This accounts for the removal 
of a substantial proportion (up to 34% in 
the coastal Mediterranean Sea) of free‑living 
viral particles from the water column6,9 and 
should drive a large amount of viral materials 
away from local biogeochemical cycling.

Although several studies have shown that 
viral particles are abundant in bathy pelagic 
waters10–12, the source and fate of these deep 
sea viruses are unclear. Compared with 
surface waters, the decay rate of virioplank‑
ton in the deep sea is decreased by two to 
three orders of magnitude, which might 
contribute — at least partially — to the high 
number of viruses in the deep sea10,13. Very 
limited measurements of viral production 
and the decay rate have suggested alloch‑
thonous inputs of viruses, on sedimentation 
particles, to the deep sea9–13. Nevertheless, as 
an organic form, the elemental constituents 
of viruses should be more important in the 
deep sea than in the upper ocean as most 
DOM in the deep sea is refractory14. In this 
sense, unlike their generally recognized 
top‑down role in microbial ecosystems, in 
oligotrophic deep seas viral particles can 
be regarded as ‘bottom‑up’ agents, partially 
fertilizing the microbial loop. More inves‑
tigations are urged to elucidate the biogeo‑
chemical role of viruses in the deep ocean.
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Figure 1 | Schematic illustration of the fate of viral particles in the upper ocean. Elements that 
are present in viral particles will enter the microbial loop via degradation, classical marine food webs 
via grazing and the deep ocean via adsorption. DOM, dissolved organic matter; C,N,P, carbon,  
nitrogen, phosphorus; HNF, heterotrophic nanoflagellate; POM, particulate organic matter. 
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