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Birds of the Solomon Islands 

THE DOMAIN OF THE DYNAMIC EQUILIBRIUM THEORY AND 

ASSEMBLY RULES, WITH COMMENTS ON THE TAXON CYCLE 

Daniel Simberloff and Michael D. Collins 

BIRDS OF THE SOLOMON ISLANDS have played a prominent role in 
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by Mayr and Diamond (2001). Here we use these data to reassess whether 
these three theories apply to this biota and to address the implications of 
our results for the status of the theories and, more generally, for the na
ture of the evidence required to test them. 

The iconic "crossed-curves" equilibrium model of MacArthur and Wil
son (1963, 1967) focuses on demography of individual species, leading to 
stochastic extinction, and not on interactions among species. It does not ac
count for species' identities, looking only at numbers of species. However, 
MacArthur and Wilson (1967) also stressed the possible role of diffuse 
competition in generating turnover and recognized that deterministic forces 
related to species composition and interactions may partly determine how 
many and which species are found on islands: "A closer examination of the 
composition and behavior of resident species should often reveal the causes 
of exclusion, so that random processes in colonization need not be invoked" 
(p. 121). Diamond's theory that assembly rules govern species composition 
is based on exactly that sort of examination of the identities and behavior of 
resident species. The two theories need not conflict so long as substantial 
turnover occurs and interactions are a major contributor to it. In fact, in an 
archipelago of islands in which all are conceived as potential sources for 
one another of multiple potentially interacting species, as in the birds of the 
Solomon Islands, the equilibrium theory describes what is now recognized 
as a metacommunity (Leibold et al. 2004). Several authors, beginning with 
Wilson (1969), have suggested extending the equilibrium theory to an evo
lutionary scale by adding adaptation and speciation, while the assembly 
rules were seen as acting in ecological time. As do the assembly rules, the 
taxon cycle model treats species identities and assigns a key role to competi
tive interactions: these drive the range and habitat contraction phase of the 
cycle (Ricklefs, this volume), However, unlike in the assembly rules and 
most interpretations of the equilibrium theory, evolution is prominent in 
the taxon cycle, with morphological differentiation aiding assignment of 
species to particular cycle phases and hypothesized behavioral and physio
logical changes driving species' trajectories through the phases. 

The Equilibrium Theory 

To calculate the immigration and extinction curves of the equilibrium 
theory, Gilpin and Diamond (1976) examined the 106 lowland breeding 
land and freshwater birds on 52 of the Solomon Islands, l including all 

lWe designate by "Solomon Islands" the geographic archipelago, not the nation of the 
Solomon Islands. We include Bougainville and Buka (part of Papua New Guinea) but not 
the Santa Cruz Islands, far to the east of the archipelago, just north of Vanuatu, but part of 
the nation of the Solomon Islands. 
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E=RS"IA, I=(l-SIPo)"'exp(-DYIDaA"). (9.2) 

Here Po is the size of the species pool, 106. S is then an implicit function 
when I is set equal to E. 

Noteworthy in this exercise are four features: 

1. 	No unequivocal bird extinctions in the Solomon Islands have been ob
served in historic times. However, this fact does not conflict with the the
ory because 

2. Time is not a factor in any parameters and variables of the equations for I 
and E. That is, the immigration and extinction curves, plotted against S, 
are in arbitrary time units. 

3. The island avifaunas are assumed to be at equilibrium. 
4. The same data were used to produce the equations as to test them. 

With respect to point 1 and the fact that the equations do not predict 
what the extinction and immigration rates are, only that they are equal, 
it is interesting to consider possible extinctions in the Solomons. Mayr 
and Diamond (2001) list four species (Gallicolumba jobiensis, G. sala
monis, Microgoura meeki, and Zoothera dauma) not recorded in the ar
chipelago since 1927 and a fifth (Anas gibberifrons) not seen since 1959. 
These may be extinct (some globally, others just in the Solomons). They 
also observe that all five are ground-nesters, "suggesting that introduced 
cats may have been the culprits" (p. 38). 

Other introduced species may also have been involved. For example, 
the teal, A. gibberifrons, disappeared from the one island it occupied (Ren
nell) right after Oreochromis (Tilapia) mossambica was introduced (Mayr 
and Diamond 2001). Diamond (1984) surmised that the fish somehow 
eliminated the teal, and he may have been prescient. This species is the 
most ecologically damaging introduced tilapia (Pullin et al. 1997) and is 
believed to be one of several threats to the Eurasian white-headed duck, 
Oxyura leucocephala, by virtue of competition (Hughes et al. 2004). Rats 
are also present in the Solomon Islands and prey on birds. The Pacific 
rat, Rattus exulans, was introduced prehistorically by humans, probably 
to all inhabited islands. The black rat, R. rattus, present on many of the 
islands (Yom-Tov et a1. 1999), was introduced at unknown times after Eu
ropean arrival in the sixteenth century. Other species than the above five 
may have been extirpated from particular islands during this period but 
remain on others (d. BirdLife International 2000); there is no published 
record of such extirpations. 

If these five species are extinct in the Solomons, then they are not 
examples of equilibrium turnover driven by the demography of small 
populations or diffuse competition. Rather, these would probably be 
deterministic extinctions caused by human activities. This is the same 
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Pacific islands, and there was rampant deforestation (often by burning) 
to cultivate these plants, most of which were of little use to native birds 
(Steadman 2006). Today there is tremendous habitat destruction by log
ging (BirdLife International 2000). 

Native rodents on some larger islands in the Solomons may have ren
dered their avifaunas less vulnerable to introduced predators than were 
birds on remote Pacific islands (Steadman 2006). Nevertheless, the 
Buka data suggest that massive extinction did occur with human colo
nization. Not only was this extinction not a form of equilibrium turn
over, but it left an avifauna that one could hardly expect to be in equi
librium. All the numbers of lowland bird species cited in the exercise of 
Gilpin and Diamond (1976) are lower, probably far lower, than those 
that obtained before humans arrived. And they are still falling rapidly. 
For land birds of the Solomon Islands (minus Bougainville and Buka), 
BirdLife International (2000) lists eighteen species as threatened and 
sixteen as near-threatened (a total of ca. one-fourth of the avifauna). 
The suspected threats listed in the individual species accounts in the 
same reference are overwhelmingly anthropogenic, with many citing 
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TABLE 9.1 
Guild Memberships in the Solomon Islands for Multigenus Guilds Specifically 
Designated by Diamond (1975) 

Guild Genera No. of species 

Cuckoo dove Macropygia 2 

Reinwardtoena 

Gleaning flycatcher Monarcha 7 

Myiagra r 

M yzomela -sunbird 

Pachycephala 

Myzomela 3 
( 

Nectarinia 

Fruit pigeon Ducula 8 

Ptilinopus 

Finally, Diamond (1975; d. Mayr and Diamond 2001) defined as 
"supertramps" species found only on islands (generally small ones) with 
few species, a pattern he also attributed primarily to competition. How
ever, a species could be a supertramp for other reasons (Simberloff and 
Martin 1991), for example, a preference for habitats especially common 
on small islands, or exclusion from larger islands by predators. Super
tramps would dominate a search for checkerboards, even if the reasons 
for their status had nothing to do with the competitive interactions that 
are posited as causaL Because they are on islands with only a few spe
cies, they are likely automatically to comprise many checkerboards. We 
therefore conducted our entire analysis both with and without super
tramps. Diamond (1975) did not provide quantitative criteria for quali
fication as a supertramp. We defined them statistically (Collins et al. in 
preparation). By our method, the three supertramps in the Solomons are 
Ducula pacifica, Monarcha cinerascens, and Aplonis [feadensisV To 
these, Mayr and Diamond (2001) add Ptilinopus [purpuratus], Caloe
nas nicobarica, and Pachycephala me/anura. 

To evaluate the assembly rules, it is necessary to consider historical 
geography. According to Mayr and Diamond (2001), five island groups 
occur in the Solomons: (1) the Bukida group, or Main Chain-Greater 

·We follow the convention of Mayr and Diamond (2001) in designating superspecies by 
square brackets. Taxa within superspecies in the Solomons have been assigned different 
ranks by different authors. 
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TABLE 9.3 
Observed and Expected Numbers of Congeneric Checkerboards (CH) 
in the Solomon Islands with Supertramps Omitted 

:H Probability 

<0.001 

<0.001 

<0.001 

0.157 

0.659 

0.006 

)epending on ranks of 
:rboards may increase. 

(Fead, Kilimailau, 
'an, and Sikaina). 
mded New Geor
en within sight of 
), Mayr and Dia

! when sea levels 
riers to dispersal, 
cient to generate 
;pecies (or species 
Ipositional differ
·s. 
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swap" method to 
ltrix, maintaining 
sums (number of 
are explained by 
,iii ties for the ob
!r for numbers of 

ards in six genera 
)pear improbably 
each other. How
six genera, these 

ld the numbers of 

Experienced 
Genus No. of taxa Observed CH CH Probability 

Accipiter 5 5 1.52 <0.001 

Pachycephala 3 2 0.95 0.157 

Rhipidura 6 3 3.06 0.659 

Zosterops 5 8 4.23 0.006 

Note: Depending on ranks of taxa within superspecies, observed and/or expected num
bers of checkerboards may increase. 

checkerboards are significantly large only in Accipiter and Zosterops (ta
ble 9.3). 

At first blush then, it appears that at least some checkerboards are in
consistent with a hypothesis of independent colonization and in accord 
with the notion that they represent pairs mutually exclusive by virtue of 
competition. However, our close examination of all of these congeneric 
checkerboards, whether or not we include supertramps, yielded a surprise: 
the checkerboard metaphor, based on red and black squares filling an en
tire board, does not describe them. Usually there are very few representa, tives of one or both members of such a distribution, and rather than being 
spread throughout the Solomons, each representative is usually restricted 

f to one or a few island groups. In other words, they are allopatric at a much 

r broader scale than is implied by the metaphor (figure 9.2), and the bound
aries of the allopatric regions coincide with the partitions that Mayr and 
Diamond (2001) describe as long-standing dispersal barriers. This fact 
plus the apparently relatively recent arrival of some members of checker
boards and the fact that many have never been seen flying over water sug
gest that history, in geological time, of the colonization of the archipelago 
may have led to many of these mutually exclusive distributions. 

Of the five Accipiter species in the Solomons, A. fasciatus accounts for 
four of the five checkerboards and occurs only in the Rennell group; no 
other Accipiter is found there. Mayr and Diamond (2001) believe this 
population arrived in Rennell and Bellona from Australia via Vanuatu, 
bypassing the Bismarck Archipelago. Accipiter fasciatus may be excluded 
from other groups by competition with congeners, but it could also simply 
not have reached them, or reached them often enough to establish a popu
lation, because of the minimum 171 km it would have to fly to get there. 

L 
f 
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Checkerboard Allopatry 

••••• 00 0.0 0:•• 
• 00.0. • O ••:0 •

•
0 •• 0.0 •• 0 .:.0 
0.0.0. 0 •• .:0 ••
.0.0 •• .00 0:0 ••0.0.0. 00 ••:. 0 

Figure 9.2. Contrast between checkerboard and allopatric conceptions of biogeo
graphic patterns. 

The fifth Accipiter checkerboard is between A. imitator and A. meyeri
anus, each occupying only three islands. Accipiter imitator is found only 
on Greater Bukida islands and has never been seen flying over water 
(Mayr and Diamond 2001). The three islands occupied by A. meyerianus 
include Guadalcanal of the Bukida group plus two islands in the New 
Georgia group. A goshawk, it is a strong flyer. It is quite possible that A. 
imitator is not on other islands for historical and behavioral reasons. 
Mayr and Diamond (2001) suggest it is not on Guadalcanal, though that 
island is in the Bukida group, because a small channel probably sepa
rated Guadalcanal from the rest of the chain. They also suggest that it 
probably was formerly on other islands that had been part of Greater 
Bukida but was subsequently extinguished. Competition with A. meyeri
anus would have been an unlikely cause for such secause 

i() 
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patry 
i 	 TABLE 9.4 

• 	 I Occupancy of Island Groups by Solomon Islands Zosterops Taxao:e e � > 
e:o e � Species No. of islands Island groups occupied 

•e:e 0 Z. [griseotinctus] 14 New Georgia, Rennell, 

Nissan (outlier) 
e:o e

• Z. murphyi 1 	 New Georgia0:0 e 
• Z. metcal{ii 6* 	 Bukidae·e 0• 

onceptions of biogeo- Z. ugiensis 3 	 Bukida, San Cristobal 

Z. stresemanni 1 	 Malaita 
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Source: Data from Mayr and Diamond (2001) . 

• + 2 small islets in Bukida group. 


torically, each species first reached the island group(s) it currently occu
pies and simply has not dispersed further. 

In arguing for their competitive assembly-rule interpretation, Mayr 
and Diamond (2001) suggest that at least the three single-island-group 
species have occupied other, smaller islands (presumably in the same 
group, as they are not believed to cross water), went extinct, and failed 
to recolonize. However, no such extinctions have been documented. 
These hypothesized extinctions would have been facets of "equilibrium" 
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In any event, the elevational separation and the absence of species 
from certain islands within-island groups they occupy do not bear on the 
cause of the main pattern driving the number of checkerboards-the re
striction of each species to a minority of island groups. This pattern is as 
compatible with an historical explanation as with one invoking present
day competition. 

Three Pachycephala taxa occupy the Solomons (Mayr and Diamond 
2001): the superspecies P. [pectoralis] occupies many islands in all five 
major groups, plus the isolated Russell Islands. Pachycephala implicata is 
a montane species on the Bukida islands of Bougainville and Guadalca
nal, where it co-occurs with P. [pectoralis] but is segregated by elevation. 
The checkerboards are formed by each of these taxa G u 0 . 0 2 0 9  T c  1 0 a y r  Bougain16s 
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found on Rennell or any outlying island, so the checkerboard distributions 
also constitute regional allopatry. Why A. [feadensis] is a supertramp and 
is not found on other islands is uncertain; it is highly vagile. Mayr and Dia
mond (2001) suggest competition with A. cantoroides may exclude it from 
some islands, although these two species coexist on Rennel!. 

Rhipidura has six species in the Solomons, none supertramps. Of the 
fifteen possible two-species combinations, three form checkerboards. For 
all three checkerboards, the species occupy different island groups. Rhip
idura fuliginosa, found only in the mountains of San Cristobal, forms 
checkerboards with checkerbTc 1.98R10.2 204.38g w i t h  R h i p 

Rennel.46. C r i s t o 3 7 i l e .  h 9 .  T 2 1 r b o 1  8 5  . 3 d n s  R h i p 

f i f t e e n  R  T d � s ,  

t 4  

0  T 5 o m e  C r i s t o 3 1  R h i p 

t h e  8 9 5  0  T d � ( R e n n e l . 4 6 .  )

For 
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TABLE 9.5 
Proposed Factors Explaining Congeneric Checkerboard Distributions of 
Solomon Islands Birds 

Genus CH DG HI HA LS 

Accipiter 5 4 1 

Aplonis 2 2 

Monarcha 2 2 

Pachycephala 2 1 1 

Rhipidura 3 3 

Zosterops 8 8 

Totals 22 17 1 1 3 

Notes: CH=number of checkerboards, DG =different island groups, HI =historical (other 
than different island groups), HA=habitat difference, LS=one species on small islands, the 
other on larger islands. 

these instances the small-island specialist is still restricted to small islands 
in other regions where the other taxon is absent. 

Among multigenus guilds defined by Diamond (1975), only one, the 
gleaning flycatchers, has checkerboard distributions in the Solomon Is
lands. Of the seven species in this guild, one (Monarcha cinerascens) is a 
supertramp by our statistical definition, while Pachycephala melanura is 
also classed as a supertramp by Mayr and Diamond (2001). If we exclude 
both of these species, there are no checkerboards. If we exclude only M. 
cinerascens, there are five. These all consist of Pachycephala melanura 
with another taxon: P. [pectoralis] and P. implicata as discussed above, 
plus Monarcha [meianopsis], M. [manadensis], and Myiagra [rubecula]. 
As observed above, M. [melanopsis] and M. [manadensis] are both found 
on many large islands in all groups except RennelL Myiagra [rubecula] is 
also found on many large islands in those groups, and also on Rennell. 
We pointed out above that P. melanura inhabits small islands even out
side the Solomons (including outside the range of P. [pectoralis], Monar
cha [melanopsis], and Myiagra [rubecula]), it has also not been seen flying 
over water, and it is a recent arrival in the Solomons, possibly expanding 
its range there (Mayr and Diamond 2001). Therefore, both habitat pref
erences and the history of colonization may at least partly explain these 
checkerboards. 

In sum, looking specifically at the subset of species pairs in which com
petition would be most expected, we found that no exclusively distrib
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of Wilson (1959, 1961) for Melanesian ants. First is expansion of a spe

cies to form a continuous range encompassing at least the major islands 

of groups 1-4 described above. This expansion is followed by range frag

mentation, accompanied by extinction on small and/or isolated islands. 

As examples of second-stage species, Greenslade (1968) suggested Pachy

cephala [pectoralis land Rhipidura cockerell;, both discussed above. The 

second stage also entails evolution of island endemics. The final stage 

consists of a highly fragmented, contracted distribution (often into moun

tains of the largest islands), presumed to have arisen by substantial ex

tinction even on major islands. Noteworthy in this scenario are the as
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population, what might now be termed a metapopulation (references in 
Hanski and Simberloff 1997)? 

In the original model, for the equilibrium 
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response to a battery of criticisms by Pregill and Olson (1981), Ricklefs 
and Bermingham (1999) (d. Ricklefs and Bermingham 2002) under
took molecular phylogenetic analyses of West Indian birds that sup
ported many aspects of the hypothesized taxon cycle in the Lesser Antil
les and adduced further evidence that anthropogenic impacts and late 
Pleistocene climatic events did not lead to so much extinction that evi
dence of a taxon cycle would be obliterated. They also showed that spe
cies restricted to few islands, interpreted as in the late (declining) phase 
of the taxon cycle, were in fact much older than other species. They ob
served that this fact and the fact that some assigned late-stage species 
have gaps between the few occupied islands are consistent with the hy
pothesis of extinction on some unoccupied islands. The argument that 
occupancy gaps represent extinction is identical to that of Mayr and e 
Diamond (2001), but taxon ages constitute a different sort of evidence. t 

The inference of higher extinction rates on small islands derives from S 

the observation that older taxa also tend to be absent from small islands 'Ii 

(Ricklefs and Bermingham 2004; Ricklefs, this volume). I 
The first item in the wish list of Mayr and Diamond (2001) for addi

tional data to elucidate the distributional trajectories of northern Mela 1 

nesian birds is molecular phylogenetic research, totally lacking as they 
published their book. Such research, combined with remedying the strik
ing lack of avian fossil data for the Solomons, would go a long way to
ward testing claims that current bird distributions there have resulted 
from a taxon cycle. It would be striking to see if the pattern of older spe
cies having patchier distributions and being restricted to larger islands 
holds there as it does in the Lesser Antilles. Phylogenetic research could 
also aid in testing whether the timing of colonization (e.g., in Pachy
cephala) or of allopatric speciation (e.g., in Zosterops) can explain check
erboards. Molecular evidence also Tf�-010008 Tc24.439 0 de(Zo�(tdence )Tj297.029 Tc 5.699 0 Td�(whether )Tj17.0102 T73.11k4h.popoleributions )Tj�0.05 Tc 5 5.694 0 0 1194 411.04 3491.2 iation islands there way 

to it 
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