
© 2006 Nature Publishing Group 

 

Vol 441|25 May 2006

421

Avoidance of disease by social lobsters
These gregarious animals shun lobsters that carry a lethal virus, even when they still seem to be healthy.

Transmissible pathogens are the bane of social
animals1, so they have evolved behaviours to
decrease the probability of infection2,3. There
is no record, however, of social animals avoid-
ing diseased individuals of their own species 
in the wild. Here we show how healthy, nor-
mally gregarious Caribbean spiny lobsters
(Panulirus argus) avoid conspecifics that are
infected with a lethal virus. Early detection
and avoidance of infected, though not yet
infectious, individuals by healthy lobsters con-
fers a selective advantage and highlights the
importance of host behaviour in disease trans-
mission among natural populations.

Panulirus argus virus 1 (PaV1) is a lethal
pathogenic virus that infects juvenile spiny lob-
sters4. It is transmitted by physical contact and,
among the smallest juveniles, through sea
water. Spiny lobsters are social and share com-
munal dens, so these modes of viral transmis-
sion could have devastating consequences in
the absence of a mechanism to check its spread.

During underwater surveys of juvenile lob-
sters, we observed that infected lobsters rarely
shared shelters with conspecifics (less than 7%
shared dens and more than 93% were solitary),
even though healthy lobsters generally pre-
ferred to live together (more than 56% shared
dens and less than 44% were solitary). 

To test whether this could be explained by
healthy lobsters avoiding diseased individuals,
we set up a laboratory experiment (for meth-
ods, see supplementary information) in which
healthy and diseased lobsters were given a
choice between an empty den and one contain-
ing either a healthy or a diseased individual.
We found that the healthy lobsters avoided
dens containing diseased conspecifics and pre-
ferred to share dens with other healthy lobsters.
But diseased lobsters did not discriminate
between dens, irrespective of whether the ani-
mal inside was sick or well (Fig. 1a). These
results confirm our observations in the wild. 

For an avoidance strategy to reduce the
transmission of infection effectively, healthy
lobsters must also start to avoid infected indi-
viduals before they actually become infectious.
We therefore investigated whether there was
any link between the timing of infectivity and
the avoidance of diseased individuals by
healthy lobsters; we found that these were
remarkably coincident (Fig. 1b). Lobsters
inoculated with PaV1 developed symptoms of
disease after six weeks and became infectious
after eight weeks (Fig. 1b). Most of the healthy

lobsters avoided these inoculated lobsters
from four weeks after their inoculation and all
of them avoided inoculated individuals at six
to eight weeks after inoculation (Fig. 1c).

Other evidence (our unpublished results)
indicates that avoidance of diseased con-
specifics may act powerfully against the spread
of disease in the wild. Laboratory confinement
of healthy juvenile lobsters with lobsters
infected with PaV1 results in more than 60%
of them succumbing within 80 days. However,
field surveys conducted since 1999 indicate
that the prevalence of PaV1 in Florida’s juve-
nile lobster population remains at less than 7%
and does not correlate with lobster density
(our unpublished results). The high transmis-
sibility under laboratory conditions and the
much lower prevalence in the wild, even at
high density, can be reconciled if healthy, nor-
mally social lobsters thwart transmission of
PaV1 by avoiding diseased lobsters. 

Although infection may alter the subtle
visual displays used by lobsters to establish
aggregations, avoidance of diseased lobsters is
likely to be chemically mediated, given that
olfaction mediates dominance hierarchies,
mate choice, foraging and aggregation5,6. Lob-
sters do not have an adaptive immune system,
so disease may be signified by broad-spectrum
defensin compounds or by degradatory prod-
ucts that are associated with poor health. 

Pathogens can alter host dynamics and mod-
ify communities by disrupting species inter-
actions7–9, but their effect on the behaviour 
of uninfected hosts and on disease dynamics
has been largely unexplored. Epidemiological

models have not generally included avoidance
strategies10,11, despite the possible fitness
advantages conferred by such behaviour12,13.
Our findings indicate that lobsters can identify
infected individuals before they become infec-
tious and that by avoiding them they may limit
disease transmission in the wild. 
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Figure 1 | Laboratory results showing avoidance by
lobsters of diseased individuals and its relation to
infectivity. a, Den selection by healthy (left panel)
and infected (right panel) lobsters, showing the
aversion of healthy lobsters for diseased lobsters.
All lobsters were either given a choice of sheltering
alone or with a healthy conspecific (blue bars), 
or given a choice of sheltering alone or with an
infected (red bars) conspecific that was tethered 
in the den. b, Increase of infectivity over time for
lobsters inoculated with PaV1 virus: green line
shows the increasing percentage of healthy lobsters
infected by inoculated lobsters, and purple line
indicates the increasing percentage of inoculated
lobsters that became visibly diseased.
c, Cohabitation time series indicating that healthy
lobsters started to avoid inoculated (but non-
infectious) lobsters four weeks after inoculation
and completely avoided them after six weeks,
which is before they became infectious.

C
ho

ic
e 

of
 d

en
s 

(%
)

H
ea

lth
y 

lo
bs

te
rs

in
fe

ct
ed

 b
y

in
oc

ul
at

ed
 o

ne
s 

(%
)

In
oc

ul
at

ed
 lo

bs
te

rs
 th

at
ar

e 
vi

si
bl

y 
di

se
as

ed
 (

%
)

0

20

40

60

80

0

20

40

60

80b

a c

Time after inoculation (weeks)

Random

0

20

40

60

80

2 4 6 8

Time after inoculation
(weeks)

2 4 6 8

20

40

60

80

H
ea

lth
y 

lo
bs

te
rs

av
oi

di
ng

 in
fe

ct
ed

 o
ne

s 
(%

)

0

Health
y

Infecte
d

Health
y

Infecte
d

100

25.5 Brief comms MH  18/5/06  4:39 PM  Page 421

Nature  Publishing Group ©2006



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


