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for changes in cccDNA induced by LTβR. 

Depletion of either APOBEC3A or APO-

BEC3B from infected liver cells abolished 

cccDNA degradation elicited by IFN-α or 

LTβR, respectively.

How might APOBEC3 enzymes selec-

tively target cccDNA? Lucifora et al. impli-

cate the HBV core protein, which binds to 

both cccDNA and APOBEC3A, thereby 

bringing them into close contact to promote 

cccDNA deamination and degradation (see 

the fi gure). Host genomic DNA, as well as 

HBV DNA that has integrated into the host 

genome, are spared.

What do these new findings mean for 

understanding HBV infection and improv-

ing treatment? In terms of resolution of 

infection, moderate cccDNA deamination 

occurred even without IFN-α, providing a 

possible explanation for the low frequency 

of spontaneous clearance seen in infected 

patients (2% of patients per year) ( 7). Still, 

the reason for the disappointing response to 

IFN-α–based HBV therapy remains unclear. 

The high concentrations of IFN-α used by 

Lucifora et al. to achieve maximal cccDNA 

degradation might suggest that clinically 

acceptable concentrations are not suffi cient. 

Alternatively, the fi nding that the expression 

of APOBEC3A is only transient after IFN-α 

treatment in patients underscores the fact 

that hepatocytes rapidly become refractory 

to the cytokine ( 8). To explain the unexpected 

effect of APOBEC3 on double-stranded 

DNA, rather than on single-stranded DNA, 

the authors posit that transcription of viral 

RNA generates single-stranded HBV DNA 

that is accessible to APOBEC3 action. In 

this scenario, the repressive effect of IFN-α 

on HBV transcription ( 9) could antagonize 

APOBEC3-mediated cccDNA deamina-

tion and effi cient elimination. Lucifora et 

al. also show that addition of potent nucleo-

side or nucleotide analogs that suppress viral 

replication enhance the effect of IFN-α on 

cccDNA. However, this does not mesh with 

the disappointing, albeit limited, clinical 

trial results obtained thus far ( 10). It may 

be that preexisting cccDNA is more resis-

tant to that action of APOBEC compared to 

cccDNA that is newly generated by reverse 

transcription. Alternatively, the extent of 

deamination in response to IFN-α may be 

insufficient to irreversibly damage every 

molecule of cccDNA. However, combining 

newer analogs with IFNs that do not elicit a 

refractory state (8), or with LTβR agonists, 

may be worth testing.

Nonetheless, there is much about the 

IFN-α/LTβR-APOBEC3 mechanism that 

is mysterious. The amount of APOBEC3A 

or APOBEC3B expression (at the transcript 

level) did not always positively correlate 

with cccDNA degradation. It is also unclear 

why deaminated cccDNA is degraded rather 

than repaired. In addition, hepatocytes lack-

ing an APOBEC3B allele associated with 

more frequent HBV persistence ( 11) did not 

show markedly diminished cccDNA degra-

dation in response to LTβR agonists. How-

ever, these in vitro results were obtained 

with hepatocytes derived from a limited 

number of donors.

The findings of Lucifora et al. add to 

other studies showing that IFN-α acts 

on multiple levels of the HBV life cycle. 

Further defining the precise mechanisms 

of the anti-HBV effect of IFN-α and other 

cytokines on cccDNA degradation may 

open up potential new avenues for more 

effective HBV elimination. LTβR agonists, 

if proven safe, could be an alternative to 

IFN-α treatment, with enhanced cure rates. 

Human studies are needed, but one hopes 

that we may be getting closer to making the 

notion of “once HBV, always HBV” a van-

ishing memory. 
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Society, Where None Intrudes

ECOLOGY

H. Charles J. Godfray

A fi eld study reveals an intricate tropical 

community of plants, herbivores, and 

parasitoids.

        E
xplaining the diversity and structure 

of networks of interacting species is 

one of the main challenges in mod-

ern ecology. Even building the food webs 

needed to understand how these networks 

are structured can be a massive undertaking, 

especially in the tropics, where diversity is 

highest and understanding of the taxonomy 

of the species involved is often poor. How-

ever, progress has been made with commu-

nities of plant-eating insects and the special-

ized insects that feed on them, in particular 

parasitic wasps. On page 1240 of this issue, 

Condon et al. ( 1) combine fi eld ecology and 

molecular biology to describe the structure 

of a self-contained community of tropical 

plant-eating fl ies and the wasps that attack 

them. The results reveal an unexpectedly 

intricate community structure.

The number of insect herbivore species 

on Earth is not known, but conservative esti-

mates are in the millions, with peak diver-

sity in the tropics ( 2). Lepidoptera (butter-

fl ies and moths) and beetles are the most 

common types of plant-eating insects; sev-

eral groups of true fl ies have also evolved 

herbivory. Nearly all of these species are 

attacked by parasitic wasps, which typically 

lay their eggs in or on their host’s body. The 

developing wasp larva requires just a single 

host (which it invariably kills) for its full 

development. Parasitic wasps and ecologi-

cally similar insects are often called para-

sitoids, because their life history is interme-

diate between predators and true parasites. 

Because parasitoids take some time to kill 

their hosts, it is much easier to construct 

plant-host-parasitoid food webs than is the 

case for predators, which must be observed 

in the act of killing and eating the prey to 

establish a trophic link. Thus, some of the 

best examples of large tropical food webs 

resolved at the species level involve this type 

of interaction ( 3– 5).

One of the major structuring forces 

in community ecology is competition for 

resources: The more distinct resources—

such as host-plant species—exist, the more 

species of consumers can coexist. But very 

often, a single host-plant species supports 
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many species of specialist insect herbi-

vores. Of course, different species may spe-

cialize by feeding on different plant organs, 

or the different species may feed on the 

plants at nonoverlapping times of year, but 

even taking this into account, there appear 

to be more consumers than distinct resource 

niches ( 6).

But communities can also be structured 

by the actions of higher trophic levels—

for example, the diseases, parasitoids, and 

predators that afflict plant-eating insects. 

Just as two consumer species cannot coex-

ist in the long term on the same resource, 

with the less efficient competitor going 

extinct, so a natural enemy that attacks two 

species will drive the less resilient to extinc-

tion. Similarly, just as species are predicted 

to evolve to use unexploited resources, they 

are also expected to evolve into “enemy-free 

space”—ecological niches with few preda-

tors and parasitoids ( 7). This type of inter-

action between species mediated by shared 

natural enemies has been termed “appar-

ent competition” ( 8) because its effects on 

community structure are similar to those of 

traditional resource competition. Experi-

ments have shown that apparent competition 

occurs in insect food webs, including in the 

tropics ( 9).

Condon et al. studied a type of fly 

(belonging to the family Tephritidae) whose 

larvae feed on the succulent parts of the 

fl owers of climbing squashes (cucurbits). 

At their study site in Peru, two species of 

squash grew together; each had morphologi-

cally distinct male and female fl owers. The 

fl y larvae are attacked by tiny wasps, a few 

millimeters in length, that lay their eggs in 

young larvae. The eggs hatch and the wasp 

larvae remain in a state of suspended devel-

opment until their hosts become full grown, 

when they resume growth and kill them. 

During the developmental hiatus, the host 

can fi ght back by mounting an immunologi-

cal defense that, if successful, kills the inter-

nal parasitoid.

The first surprise about this commu-

nity was how many species were involved 

and how specialized they were. The authors 

reared 14 fl y species, all in the same genus. 

Most species of fl y specialized on only one 

of the four resource types—either a male 

or female fl ower of the two species. Up to 

11 species shared a single resource type. A 

clue to how these species can coexist is pro-

vided by the 18 species of parasitoid wasps 

that were reared. They include two species 

that attack a broad range of hosts, but also a 

group of closely related species—all belong-

ing to the same genus—that have very nar-

row host ranges. These wasps were each 

restricted to develop in a single fl y species, 

even when several host types were present. 

Such patterns are exactly what one expects if 

resource competition and apparent competi-

tion are structuring the community.

Until recently, it has only been possible 

to record the parasitoids that have over-

come host defenses, not those that have 

succumbed to, or have been outcompeted 

by, other parasitoid species. Using modern 

molecular techniques, it is now possible to 

detect the traces of unsuccessful parasitoid 

attacks, allowing interaction webs rather 

than trophic webs to be constructed ( 10). 

Condon et al. do this for the fi rst time in 

a large tropical community. They fi nd that 

although most parasitoid species only suc-

cessfully develop in one host species, the 

searching females lay eggs in other spe-

cies that feed on the same resource type but 

are able to successfully defend themselves 

against the parasitoid. This host specifi c-

ity is again consistent with structuring by 

apparent competition, but it remains unclear 

why females lay eggs in the wrong host. 

Possibly, they cannot tell hosts apart; alter-

natively, laying eggs in the wrong host may 

be worthwhile because the opportunity cost 

of wasting an egg is low or because the off-

spring may survive in rare cases.

Condon et al. provide a wonderful exam-

ple of a “society, where none intrudes.” The 

web of interactions they reveal is complex 

and raises fascinating hypotheses about 

how different species infl uence each other’s 

dynamics, both directly and indirectly. These 

ideas need to be tested experimentally, and 

this system, compared to most other tropi-

cal communities, may be relatively easy to 

manipulate in the fi eld. 
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Wasps

Flies

Flowers Females Males

Flies of the genus Blepharoneura

Parasitoid wasps of the genus Bellopius

Other parasitoid wasps

Flowers of Gurania acuminata

Flowers of Gurania spinulosa

Intricate web. At their study site, Condon et al. collected 3636 fl owers from two species of squash. A total of 
1106 fl ies and 163 parasitoid wasps emerged from the fl owers. In the resulting food web, the three trophic 
levels are represented by rows of balls. Within each trophic level, the size of the balls and thickness of the 
links are proportional to the abundance of species and the strength of feeding links, respectively. Most wasp 
species can only develop in a single fl y host species.
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