


Asynchrony and Extinction Risk

correlation between stochastic fluctuations, rather than determinhabitat patches at each time step. Host and parasitoid dispersal
istic, nonlinear dynamics (limit cycles, chaos). Therefore, weates were varied independently. Simulations were run for 1000
allowed a sulfficient fraction of hosts to survive between time stegigne steps, with the first 500 points discarded to allow equilibrium
in order to ensure damped oscillations in host dynamics. dynamics to establish, and replicated 100 times for each host-
We embedded these local population dynamic processes withiparasitoid dispersal proportion combination.
a two patch metapopulation, representing the simplest spatially
explicit habitat. Environmental stochasticity was modelled byResults
adding spatially uncorrelated, density independent noise on host )
population growth rate at each time step. Our coupled host-EXtinction risk
parasitoid dynamics were described by: Representative time series from two species, host-parasitoid and
three species, apparent competition interactions are shown in
Figure 2. We modelled fluctuations in local host and parasitoid
abundances using coefficients of variation as a response variable,
scaling absolute fluctuations by population size. This provides a
measure of stochastic extinction risk in a range of persistent
Py, 1~ R'Hy 8 expd aPiHp &8P  populations. Environmental stochasticity increased levels of
temporal variation in host abundance (log odds ratio
whereR s host fecundityais the parasitoid attack rate and noise, (SE)=0.0348 (0.0117)t,0s=2.96, p=0.0038), although not
a* N&O,1p parasitoid abundance (Likelihood ratio (L. R.)=1.32;0.29).
Here, R=2.718, a=0.1, S=0.7 and patches were initially Conversely, higher average host resource level did not influence
populated with 100 hosts and 100 parasitoids. Sensitivity analysigvels of variation in the host population (L.R.=0.0076%,0.93)
indicated that our results were qualitatively dependent on thebut did increase parasitoid fluctuations (log odds ratio (SE) = 0.224
deterministic population dynamics, i.e. parameter combinationg0.0663)t,,10=2.48, p=0.015). Most importantly, presence of an
which produced a stable equilibrium rather than cyclic dynamics,apparent competitor was not associated with changes in the levels
as opposed to specific parameter quantities. of variation in host or parasitoid abundance (host: L.R.=0.00764,
The effects of host and parasitoid dispersal were investigated tp~= 0.93; parasitoid: L.R.=0.0943=0.76): increased parasitism
allowing fixed (density independent) proportions of species tdid not result in a greater chance of local host population
move between two identical (in terms of regulatory dynamics) locaxtinction through stochastic fluctuations.

Hi 1~ R'Hyexpd aPiz a2 S'H &b

Figure 2. Representative time series of total adult abundances, from the replicated resource-consumer metapopulations, under

different resource renewal regimes.  Top row: host C. maculatussolid line) — parasitoidA. calandragdotted line) interaction (patchwise weekly host
resource renewal: (a) constant three beans, (b) Poisson average of three beans, (c) constant two beans and (d) Poisson average of two beans). Battom ro
two host species C. maculatussolid line;C. chinensjglashed line) and one parasitoid specie8.(calandragdotted line) apparent competition interaction
(patchwise weekly host resource renewal: (a) constant 3:3 ratio of beans per host species, (b) Poisson average 3:3 ratio of beans per host speciestaft)

4:2 ratio,C. chinensisC. maculatusof beans and (d) Poisson average 4:2 ratf®, chinensisC. maculatusof beans).
doi:10.1371/journal.pone.0011635.9g002
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Local population dynamics significant increase in the degree of asynchrony in the local host
Hierarchical spatiotemporal analysis successfully recovered tti@pulation dynamics between patches (log odds ratio (SE)=0.948
expected host regulatory dynamics in all cases. Typically, the host0.318),F1, 7=14.2, p=0.0093). Neither average resource level
parasitoid dynamics were of dimension (the number of limiting(F1, =0.622, p=0.47), nor resource stochasticity (,=0.297,
mechanisms with clearly distinguishable differences in time delay 0.62) were associated with asynchrony (negative correlation) in
two, regardless of resource renewal regime. That is, the patterns #fe population dynamics amongst patches. Although the superior
abundance are components of previous abundances at twapparent competitor persisted indefinitely, censuses were curtailed
different time lags (Figure 3). Net reproductive rate waswhen the inferior host was driven to extinction. Therefore, we
significantly negatively correlated with abundance over a oneontrolled for assemblage persistence, which also did not explain
week time lag (density dependence operates). In addition, a secoadsignificant amount of deviance in estimated spatial correlation
time lag of approximately one generation (3.5 weeks) als¢~, s=1.54,p=0.28).
influences the metapopulation dynamics. Here, net reproductive With an experimental design of patches nested within replicate
rate is significantly positively density dependent. We suggest thaietapopulations, we found that variation between average patch
this is indirect evidence of an Allee effect [23,24]. This effect, likelmbundances (hosispair 0.253, parasitoid:Spaicir 0.541) was
the result of mate scarcity at very low population size, destabilisefiite substantial, compared to residual error (hesto=0.437,
dynamics and increases extinction risks in otherwise alreadyarasitoid:s...1.01), whereas between replicate variation was

vulnerable, small populations. very low (host, parasitoitsepiicaie0.001). This suggests a high
degree of spatial heterogeneity within metapopulations, which we
Spatial analysis explore in the following section.

After accounting for density-dependent processes, the patchwiseln order to ascertain the form of the spatial covariance evident
(negative) correlation between host abundances under eadh our experimental metapopulations, we produced separate
experimental treatment, are shown in table 1. The presence oémpirical semivariograms [25] for each replicate metapopulation
an alternative host (twes three species assemblage) resulted in @t each time point. Independent, weekly, semivariograzts

Figure 3. Predicted determinants of temporal density dependence in net reproductive rate, InaN(=Nt{ 1k for C. maculatus Using
hierarchical mixed effects models, patchwise net reproductive rate was regressed against patchwise adult abundance covamﬁels,lagged byt
weeks, with their respective optimised Box-Cox transformatiorts, The two orthogonal lagged abundance covariates represent the best fitting within
generation time lagged abundancet(=1 week) and one generation time lagged abundancet € 3.5 weeks). Solid wireframe: maximum likelihood
estimates. Grey, dotted wireframe: 95% confidence intervals.

doi:10.1371/journal.pone.0011635.g003
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