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Abstract
Complex combinations of historical and local-regional processes determine the assembly of ecological
communities. We investigated such processes in the Hawaiian introduced avifauna, comprising 140 years
of historical records of invasions and extinctions of birds. Here the particular introduction regime (i.e.,
colonization attempts and number of introduced species) and priority eﬀects constitute the historical
(and regional) component, and competition is the local component. These processes are theoretically
supported by means of a Lotka–Volterra model of species competition, ﬁnding that changes in the speciﬁc introduction regime might result in diﬀerent extinction dynamics. Both ﬁeld data and model outcomes support the biotic resistance hypothesis, so that the invasibility of new incomers decrease with
species richness. Finally, we found that the resistance to new invaders depends on the particular introduction regime. Thus, community assembly models built to predict the success of exotic species should
consider more scenarios than random introduction regimes.

Introduction
A great deal of processes have been suggested to
understand what mechanisms produce the
observed patterns in the assembly of ecological
communities (see Weiher and Keddy 1999 for a
compilation). Species availability from regional
species pools is a fundamental constraint for
local assemblages in many communities, so that
local species richness is highly correlated with the
number of species in the surrounding region
(Cornell 1999). Some processes deal with the
temporal sequence of invasions from species
pools as a determinant of species composition
(Drake 1991; Sait et al. 2000; Hewitt and Huxel
2002). Priority eﬀects (i.e., species introduced ear-

lier are more prone to persist) are also suggested
as an assembly rule (Drake 1991; Lockwood
et al. 1999). Other proposed mechanisms include:
(1) the physiological tolerance of the exotic species to the new abiotic environment (Williamson
and Brown 1986; Blackburn and Duncan 2001b);
(2) species-speciﬁc traits such as morphological
dispersion, sexual dimorphism or body sizes
(Simberloﬀ and Boecklen 1991; McLain et al.
1995; Roy et al. 2001); and (3) local species interactions, mainly competition and the eventual
dominance of weak interactions (Diamond 1975;
Moulton and Pimm 1983, 1985; Case 1990, 1991;
Kokkoris et al. 1999; McCann 2000). This complex set of ecological processes frustrates any
attempt to predict which species are likely to

298
invade or be lost from particular ecosystems, and
also complicates testing if species richness is a
barrier to new incomers (i.e., biotic resistance
hypothesis, sensu Elton 1958), a particularly relevant current issue (Lodge 1993; Mooney and
Hobbs 2000; Hewitt and Huxel 2002).
A large eﬀort to provide good data for testing
hypothesized processes using simulation models
has given rise to the so-called community assembly theory (Diamond 1975; Post and Pimm 1983;
Case 1990, 1991; Drake 1990, 1991; Drake et al.
1993; Law and Morton 1996; Law 1999; Weiher
and Keddy 1999). Despite the number of studies
providing real data, both in the ﬁeld (Diamond
1975; Benke 1978; Lockwood et al. 1999; Blackburn and Duncan 2001a) and through microcosm
experiments (Morin 1984; Drake et al. 1993; Sait
et al. 2000), long-term assemblage studies in the
ﬁeld are scarce (Law 1999; Weiher and Keddy
1999; van Ruijven et al. 2003). Among the best
documented examples is the historical record of
the human-introduced avifauna in the Hawaiian
islands (Moulton and Pimm 1983; Simberloﬀ and
Boecklen 1991). These introductions started as
far back as 1796 and continue in the present day,
mainly through accidental escapes to the wild
involving at least, 140 bird species (Moulton and
Pimm 1983; Simberloﬀ and Boecklen 1991;
Moulton et al. 2001).
Diﬀerent processes have been proposed to
explain the observed patterns in the Hawaiian
exotic avifauna. Early studies suggested that
observed extinction patterns of birds were associated with competitive interactions among introduced species (Moulton and Pimm 1983, 1985;
Moulton 1985). These authors found that, as species richness increased, extinction rates increased
non-linearly, matching the predictions of the
island biogeography theory (MacArthur and Wilson 1967). Later re-analysis by Simberloﬀ and
Boecklen (1991) suggested that Moulton and
Pimm’s results were an artifact because of pseudoreplication problems, oﬀering an alternative
explanation: the äll-or-nonpattern. This hypothesis states that species succeed or fail because of
the species-speciﬁc features, so no communitylevel process, such as species richness, determines
the assembly (Simberloﬀ and Boecklen 1991).
Here we re-analyze bird introductions in the
Hawaiian Archipelago and compare them with

the outcomes of a simply modiﬁed, Lotka-Volterra competitive model, reproducing the particular
sequence of introductions over 140 years with
Simberloﬀ and Boecklen’s original data. We
wish to answer several questions aiming to ﬁnd
alternatives to the mechanisms subjacent under
‘‘all-or-none’’ schemes: (1) Are there priority
eﬀects? (2) If so, are they also supported by a
competitive framework? (3) Are there hidden correlations in the invasion–extinction dynamics
stressing the importance of invasion intensity? (4)
If so, is the introduction regime aﬀecting the
extinction outcomes under a competitive framework? (5) Is biotic resistance still supported
under diﬀerent introduction regime scenarios?

Materials and methods
The introduced Hawaiian avifauna series
We used data from Simberloﬀ and Boecklen
(1991) involving the introduction of 69 species of
Passeriforms (perching birds) and Columbiforms
(pigeons) over a period of 139 (1850–1988) years
in the six larger islands of the Hawaiian Archipelago (Figure 1). Larger data sets are also available (Moulton et al. 2001), but they only account
for dates of ﬁrst introductions, giving no possibility to compute extinction (or failure) rates at
short time scales. Following previous studies on
this exotic avifauna (Moulton and Pimm 1983;
Simberloﬀ and Boecklen 1991; Keitt and Marquet 1996), we have considered Passeriforms and
Columbiforms as a single species pool, assuming
that all species can interact despite phylogeny.
The data contain the approximate dates of introduction and extinction for each species on each
island. Introductions were direct (human-driven)
on each island (2/3 of the total), or indirect via
natural dispersal of birds between islands. Exotic
species were introduced and persist in disturbed
lowland habitats, whereas native birds remain in
undisturbed highland areas, so that there is little
direct interaction between exotic and native avifaunas (Moulton and Pimm 1983; Keitt and
Marquet 1996). We considered each island separately as well as the whole Archipelago by pooling all the islands as a single highly connected
ecosystem. The latter can be done because of
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Figure 1. Community size of the introduced Hawaiian avifauna in the period 1850–1988 in the six major island considered separately and in the Archipielago as a whole (pooled). Thick lines: original ﬁeld data after Simberloﬀ and Boecklen (1991); dashed
lines: 25 simulation runs based on the original LVM model; open circles: average trajectory of the simulation runs.

large spatial correlations due to high rates of dispersal between islands, as Moulton (1993) suggested at least for seven of the most abundant
species.

full intraspeciﬁc competition, that is, aii ¼ 1Þ.
This is a multiparametric model, but its complexity can be strongly reduced by means of
appropriate transformation. By non-dimensionalization, the simpliﬁed equations become

The model
We used a standard Lotka–Volterra model
(LVM) of species competition (Case, 1990, 1995;
Kokkoris et al., 1999). If Ni is the population
size of species i (here i ¼ 1; . . . ; S), then:
dNi
¼ ri Ni 1 
dt

PS
j

aij Nj

Ki

!
ð1Þ

where ri and Ki stand for growth rate and carrying capacity of the ith species, respectively, S is
the number of species in the community, and aij
is the per capita interaction strength (we assumed

dxi ri xi
¼
dt0
rm

1

S
X

!
aij xj

ð2Þ

j

where rm ¼ maxfri ; i ¼ 1; . . . ; Pg, P is the total
number of species of the potential pool, and
t0 ¼ t=rm is scaled time. This simple step ensures
that the multiple Ki do not aﬀect the dynamics
and the new equation now accounts for a realistically plausible time scale, where all populations
xi 2 ½0; 1 (Gurney and Nisbet 1998).
Growth rate estimates from average trends
based on the most reliable surveys in many of the
recently invaded states from the conterminous
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US were used to assign a value of rm ¼ 0:4=yr1
(Sauer et al., 2000). This apparently high value is
reasonable not only for species spreading over
vast areas, but also for many newly arrived
invaders, which are often good colonizers. We
ﬁrst considered any pair of species as competitively related with probability C, among those
P ¼ 69 species from the pool (Simberloﬀ and Boecklen 1991). We selected a connectivity C ¼ 0:5.
This assumption may seem too simplistic, but it
relaxes the lumping condition between both bird
families (in which only granivores may compete).
We have also tried other values of connectivity
and, in some range of values C 2 ½0:2; 1 the system adequately ﬁts the data, even at lower rm values. Furthermore, because most of the species are
phylogenetically related at the level of family
(Moulton 1993), the network of competitors
could indeed be highly connected. We tested simulations with other values by heuristically maximizing the goodness of ﬁt for all the islands and
the results are robust for a variety of values of
the two-dimensional parameter space with C and
rm . Interaction strengths aij were drawn from a
uniform distribution aij 2 ½0; 1(Gilpin and Case
1976, 1990).
Because our time scale was meant to be realistic, we could introduce in the simulation the
exact introduction regime (i.e., temporal
sequence of invasions and number of species
introduced) that every island (and the whole
Archipelago) experienced, from the ﬁrst introduction considered (1850). This realistic constraint assumes that there is no time left for this
competitive system to achieve stability, standing
in a permanent transient state. Thus, we intentionally avoided testing for stability every time
we introduced a new species (Case 1995; Hewitt
and Huxel 2002). We assumed that new species
enter into the system in very small populations
xi ¼ 0:001 (Moulton and Pimm 1983; Case 1990,
1991), the same threshold under which species
are considered extinct. We also simulated an
introduction regime in which introduction
attempts were randomly taken from a uniform
distribution. Extinction dynamics are compared
between the real introduction and the uniform
regime. In doing so, we test (1) to what extent
introduction regime determines patterns of
extinction through time, and (2) the robustness

of priority eﬀects under diﬀerent regimes of species introduction.
Persistence and invasibility measures
To test the presence of priority eﬀects we analyzed species-speciﬁc persistence times by species
and island. We deﬁned a persistence index for
every species and introduction attempt in an
island as Pi;t ¼ pi;t =ðT  xi;0 Þ, where pi;t stands
for the persistence time of every species i after
every introduction event at time t, T is the time
of the whole series in the island, and xi;0 is the
time a species i was ﬁrst introduced the island.
This dimensionless quantity reﬂects in summary
the probability of survival of any species until
the end of the census. In addition, we sought
patterns of cross-correlation between introduction and extinction events to check for shortterm responses by species failures following
introduction attempts. The appearance of a signiﬁcant k time lag for extinctions following invasions was then the variable used to compute the
probability that a species survived less than k
years after its introduction, both for real data
and simulations. The selection of a 10-year interval is due to the fact that extinctions follow
introductions with a signiﬁcant delay of 10 years
in the historical record (see Results). We pooled
the number of species going extinct before k
years, by computing
PDþd PIX
Prfpi;X < kg ¼

t¼D

i¼1 sfpi;t

IX

< kg

ð3Þ

where ID stands for the number of invaders at
time X, which comprehends the interval
fD; D þ dg and d is the pooling time necessary
for sampling purposes. We chose d ¼ 10 for the
computation of extinction rates as in Keitt and
Marquet (1996). sfpi;t < kg has a value 1 if the
condition is true and 0 otherwise. Other authors
have used similar dimensionless measures in the
computation of extinction rates (Moulton and
Pimm 1983; Keitt and Marquet 1996). This measure will reinforce the positive or negative evidence of priority eﬀects: if these probabilities
increase through time, priority eﬀects must be
playing an important role in community assembly.
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In order to test the biotic resistance hypothesis
(Elton 1958) we used an invasibility measure
based on Case’s criterion for the success of any
invader species (Case 1991). In particular, we
studied the evolution of invasibility in relation to
community size (i.e., number of species) and
time, using the results of the model contrasted
with a uniform, random pattern of introductions.
Thus, if invasibility decreases with time or community size, resistance to newly introduced species increases. We assume that for every new
species entering the system it will locally succeed
only if its growth rate is positive (Case 1991).
The invasibility condition for the ith invader is
expressed as

PS
Ci ¼ 1 : 1  j aij xj  xo > 0
0 : otherwise
where xo is the minimum population threshold
for extinction, which we assumed to be the same
for all species. S is the total number of species in
the community. Therefore, our invasibility criterion for the community is expressed as
PPS
Ci
ð4Þ
!t ¼ i¼1
PS

The second half was characterized by fast introductions and extinctions, interrupted by periods
of stasis, with two main invasion episodes involving numerous new species in the 1920’s and
1960’s. This pattern was observed in all the
islands except Molokai, where sudden introductions with many species invading at once were
not observed (Figure 2a). Large invasions were
followed by relatively large extinctions. Crosscorrelation analysis showed that extinctions followed invasions after a signiﬁcant delay of
k ¼ 10 years in Oahu, Hawaii, and the pooled
data (Figure 2b). In Kauai, extinctions appear
after 15 years. However, as a general rule, we
used k ¼ 10, which is the time lag used to later
compute the probability of persistence of a species after its introduction. Although this pattern
could be due to the artiﬁcial nature of the historical reconstruction of data, specially in assigning
extinction dates (Moulton and Pimm 1983), it
strikingly matches the lifespan of any invader
population that fails to succeed when it enters in

where P  S deﬁnes the number of species, not
present in the community, but available in the
pool: the number of potential invaders.
We also measured invasibility under a uniform
introduction regime. The comparison between
real and random, uniform regime allows us to
test the dependence of extinction patterns and
biotic resistance on the introduction regime.
Results
An overall pattern of increase in species richness
is observed for each island and the whole Archipelago, although speciﬁc sequences of introductions and extinctions are diﬀerent between
islands (thick lines in Figure 1). Oahu and
Hawaii were the islands with the highest number
of introductions.
Correlation structure in the invasion regime
The ﬁrst half of the period studied corresponds to
a continuous and slow process of introductions.

Figure 2. (a) Series of invasion and extinction events in the
six main islands over the period investigated. (b) Cross-correlations between invasions and extinctions for the two main
islands and the pooled data. Data were time-pooled in 10-year
groups.
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small numbers and is not able to reproduce
before being outcompeted (Klimkiewicz 2000).
Assembly processes involved
We found evidence of three assembly processes
regulating the introduced Hawaiian avifauna:
competition, priority eﬀects and introduction
regime. Our competition model reproduced diversity dynamics (i.e., species richness and extinctions) observed in real data in each of the
observed islands and in the pooled data (dashed
lines in Figure 1). This gives theoretical support
to previous studies emphasizing the importance
of competitive interactions in this community
(Moulton and Pimm 1983; Moulton 1993).
Priority eﬀects and competition

Persistence index

Priority eﬀects are observed both in real data
and in our simulations. The ﬁrst species introduced tend to become established and defeat the
later ones. The persistence index pi;t for Oahu,
Hawaii and the pooled Archipelago, clearly distinguished two periods in time (Figure 3). In the
ﬁrst time period, every species entering the island
has survived to present (i.e., pi;t ¼ 1). This observation is shared with the rest of the islands (with
only two exceptional species, Alauda arvensis,
Linnaeus and Parus varius, Goul, invading Kauai
in 1870 and 1890, respectively). The second half
is characterized by the presence of many species
with persistence index pi;t < 1 (most of them with
pi;t < 0:4), mainly those invading during large
introduction events. Priority eﬀects are also supported by looking at the probabilities of species
persistence for less than 10 years (Figure 4).
These probabilities increase with time and community size, both in ﬁeld and simulated data with

real introduction regime. As most extinctions
occur within a 10 year interval (Figure 2b), this
result shows that the probability of a species
becoming established diminishes with time and
species richness, and it is very high in early
assembly stages (Benke 1978). Furthermore, we
observed that priority eﬀects are also present
when a random, uniform introduction regime is
used in our model, so they are not only a consequence of a particular introduction regime.
Introduction regime
The speciﬁc introduction regime inﬂuences
observed extinction dynamics. Using pooled data,
the introduction regime follows a power law with
an exponent h  1:25 (r2 ¼ 0:71, P < 0:002, see
inset in Figure 5a), which is far from a uniform
natural rate of colonization attempts assumed in
biogeography theory (MacArthur and Wilson,
1967). Frequency distributions of extinction rates
(i.e., number of extinctions per species per year
pooled in 10 years intervals) show a power law
decay with almost the same exponent as our simulation results (h  0:91, r2 ¼ 0:9, P < 0:001)
(Figure 5a). By contrast, when a random, uniform introduction regime is considered in our
model, extinction rates follow a Poisson distribution PrfEg ¼ ek kE =E! (Kolmogorov-Smirnov
d ¼ 0:024, P < 0:001Þ, where E is extinction size.
Thus, random invasions are followed by constant
rates of extinction events with average k  4:3
(Figure 5b).
Large invasion events are responsible for
observed diﬀerences in extinction dynamics
between real and random, uniform introduction
regimes. In these events, the perturbation is so
extreme that it diverts the community from its
route to equilibrium, creating instabilities, so
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Figure 3. Persistence index for every species entering either any of the two main islands or the Archipelago as a whole.
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might justify their separation in this kind of analysis (see Moulton 1993). Although Columbiforms
are poorly represented in the Hawaiian assemblage (19=69 ¼ 27:5%), it has been argued that
patterns in introduction success among Columbiforms are determined mostly by species-speciﬁc
properties instead of competitive interactions
(Simberloﬀ and Boecklen 1991; Moulton 1993).
For that reason, we have also performed both
ﬁeld data analysis and simulation considering
only Passeriforms. The results are very similar to
those including all the species. There is no
change in the role of competition, priority eﬀect
or introduction regime.

(a)
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Figure 4. Species-speciﬁc probabilities of persisting less than
10 years in the islands as a function of (a) time, and (b) community size. Left: original ﬁeld data. Right: LVM simulations.
Observe the presence of marked thresholds in both analysis
and the asymptotic behavior of these probabilities in islands
with higher number of species.

Biotic resistance to new invaders is observed in
our simulations both when a real and a random,
uniform introduction regime are considered,
although their relationship with time and community size is diﬀerent (Figure 6). In Oahu, there
is a departure from !t ¼ 1 at S  7 (Figure 6a),
similar to the threshold found for persistence
probabilities (Figure 4b). When introductions are
driven by a random distribution, invasibility
decreases exponentially with time (in agreement
with Case 1991), whilst when introduction regime
follows a power law, no typical statistical distribution is obtained, but a clear decrease in invasibility is also observed (Figure 6b). Here again
large invasion events are responsible for these

long transients are needed to return to equilibrium, and some species were not able to survive
under such instabilities (Case 1995). Thus, we
observed that species invading in these events
showed diﬀerent persistence times, from inmediate failures to full replacements (Case 1990).
Some authors have identiﬁed diﬀerences
between non-Passeriforms and Passeriforms that
(a)
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Figure 5. Distribution of extinction event sizes for diﬀerent introduction regimes. (a) Real introduction regime, modiﬁed from Keitt
and Marquett (1996). Filled circles: real data. Empty circles: simulation outcome. (b) Uniform, random introduction regime (see
text). Insets: distributions of introduction regimes. Simulation results deﬁne averages over 20 realizations for every introduction
regime.
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Figure 6. Community invasibility related to (a) community size and (b) time, for simulation outcomes in Oahu Island with diﬀerent
introduction regimes. Black squares correspond to the real introduction regime. Open squares correspond to random invasions.
Standard deviations are drawn as dotted lines in the original, real invasions. Dashed lines draw standard deviations in the uniform,
random invasion regime.

diﬀerences, because the power-law regime implies
that, in some cases, species enter later in sudden
pulses that destabilize the overall dynamics of
populations, triggering sudden extinction episodes that allow new colonizations to take place.
However, randomly distributed invasions seem to
depend only on community size, since the system
is not forced by sudden pulses of invasion
attempts.

Discussion
The dynamics of the Hawaiian introduced avifauna result from the combination of historical
(and regional) components, and species local
interactions. Introduction regime and priority
eﬀects constitute the historical and regional component, whereas competitive interactions constitute the local process aﬀecting this assemblage.
The importance of competition has been previously suggested using bill-length diﬀerences
(BLDs), showing that pairs of species that coexist
and survive tend to have larger BLDs than do
pairs in which one species goes extinct (Moulton
1985; Moulton and Pimm 1985). Competition
may not necessarily be the cause of priority
eﬀects, since many species that could be outcompeted when all the species arrive simultaneously
can in fact persist if they enter early and increase
in abundance. In long-term assembly dynamics
as that reported here, competition and priority
eﬀects may play crucial roles in diﬀerent stages,
depending on the speciﬁc introduction regime.

The central argument of the all-or-none pattern is that species always succeed or fail independently of what and how many other species
are present in the community (Simberloﬀ and
Boecklen 1991) For example, sexually dichromatic birds were less likely to become established
in Oahu (McLain et al. 1995). Furthermore,
widespread species were more successful in
Hawaii than those species of limited range
(Moulton and Pimm 1985; Moulton et al. 2001).
Introduction history alone has been reported as a
predictor of introduction outcomes, supporting
all-or-none patterns, and consequently, the ability to predict which species will succeed (Simberloﬀ and Boecklen 1991). However, our work
presents a critique to the ‘‘all-or-none’’ pattern as
a general mechanism determining which exotic
bird species failed or succeeded in Hawaii. We
have shown here that community invasibility (a
common way of measuring the success of new incomers) highly depends on how many species are
present on the community, and the invasion
sequence and timing. These may thrive the
appearance of priority eﬀects, which otherwise
may be disrupted by counterintuitive, indirect
eﬀects following species introductions in competitive communities (Case 1995; Hewitt and Huxel
2002). This seems to be the case in the exotic
bird Hawaiian data, where priority eﬀects are
observed, but some species go extinct many years
after a large introduction event.
Priority eﬀects are extensively reported in ﬁeld
experiments on diﬀerent taxonomic groups of
animals: odonates (Benke 1978; Morin 1984),
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coral reef ﬁshes (Shulman et al. 1983), ﬂies (Shorrocks and Bingley 1994) and anurans (Wilford
and Alford 1985). They are also found in introduced Passeriform assemblages on another oceanic islands (Lockwood et al. 1999). Conversely,
Lockwood et al. (1999) did not ﬁnd evidence of
priority eﬀects in Oahu when failed or succeeded
introductions of Passeriforms before 1981 were
compared to the mean numbers of species present. This contrasts with our ﬁndings for the
pooled data and individual islands, including
Oahu, that support priority eﬀects because the
probability of persisting less than 10 year
increases with time and community size (Figure
4). Models of competition (Case 1991, Case
1995) and trophic interactions (Drake 1990,
1991; Luh and Pimm 1993) have also provided
evidence of priority eﬀects. In these models different invasion sequences (the order in which species enter into the community), were simulated,
obtaining communities with diﬀerent species
composition where species introduced earlier are
almost always present. Due to low initial competition, ﬁrst introduced species attain population
sizes suﬃciently large to resist later introductions.
When the community achieves a certain number
of species, later introductions may fail, and
extinctions take place.
Except invasion sequence (i.e., speciﬁc order of
species introduction taking into account species
identity), other consequences of species introductions have received little attention. For instance,
Ward and Thornton (2000) found that the length
of the interval between species arrivals aﬀects the
likelihood of the establishment of late incomers.
Our results suggest that the particular introduction regime (i.e., number of colonization attempts
and number of species introduced in a particular
period) play a key role in the assembly of ecological communities, and models should not consider introductions as random events, but should
consider more realistic regimes, especially when
introductions are human-driven (Blackburn and
Duncan 2001b). Furthermore, appropriate modeling of non-uniformly driven invasion regimes
must not be based on the foundations of local or
global stability analysis, which is intended to
check whether coexistence of species is feasible at
long terms (Post and Pimm 1983; Case 1995;
Law and Morton 1996). In order to account for

transients and short-term extinctions we need to
track instabilities driven by large introduction
episodes, and dynamical equilibrium must be
deﬁned at long-term time scales. Then we agree
with Hewitt and Huxel (2002) on the unstabilizing eﬀect of multiple species attempting to establish at one time.
Both data and model outcomes support the
biotic resistance hypothesis (Elton 1958), and
partially agree with the typical pattern of invasibility found in the theoretical literature based
on uniform introduction regimes: as species richness increases, biotic activation barriers appear
(Hall and Ehler 1979; Case 1990, 1991;
Rejmanek 1996; Levine and D’Antonio 1999).
However, invasibility under the real introduction
regime showed strong, sudden transitions in
relation to community size, because of large
invasion episodes. The reason for this is both
species richness and the dynamics of population
numbers. Some species are not able to withstand
large instabilities and many of them decrease in
population numbers with the new arrival of
strong and weak competitors (Case 1995). If, at
the introduction time, some species do not
achieve a suﬃciently large number of individuals
to resist other competitors, extinctions will
appear in a long range of times following invasion, and persistence times will achieve large
variances, from rejection failures to full replacements (Case 1990). Thus, the strength of biotic
resistance to new invaders relies not only on the
combination of total density and community
size (Pimm 1991). The size of the population
entering the system, and the size of the populations of the species already present in the community plays a very important role in shaping
diversity (Griﬃth et al. 1989; Case 1995: Duncan 1997; Blackburn and Duncan 2001a), especially when communities are not in equilibrium,
which implies a new paradigm on island biogeography (Lomolino 2000). Regarding this issue,
Keitt and Marquet (1996) hypothesized that
self-organized critical (SOC) dynamics could be
driving the dynamics in the exotic Hawaiian
Avifauna. They found power-law distributed
extinction rates and extinction thresholds, which
could be found also in SOC-driven systems.
Indeed, we are dealing with a non-equilibrium
community and community-level properties seem
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to arise non-trivially from species interactions.
However, our results show that: (1) there is a
dominant correlation in time between introduction and extinction events; and (2) the powerlaw distribution of extinctions follows accordingly a similar distribution of invasion events.
Thus, there is not constant forcing followed by
long-correlations, as SOC dynamics implies, so
we can not support Keitt and Marquet’s
hypothesis.
Finally, it is important to stress that our
model, although not fully neutral, is the simplest,
most general competition model we have found
which accounts for short-term extinctions and
species diversity. By contrasting human-induced
with random introduction regimes, we highlight
the importance of the speciﬁc sequence of introductions in competing communities. Our results
suggest that large extinction events only take
place under multiple species invasion models, giving support to Hewitt and Huxel’s (2002) argument that biotic resistance under random
invasion assumptions may indeed be relaxed by
other factors.
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