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ously identified. The structure identified here
as the anterior skirt has been illustrated pre-
viously but identified as an anterior branchial
vessel, an anterior projection, or lobated
structures (4). Other structures, such as the
heart and copulatory organ (4, 7, §), find no
counterpart in our yunnanozoan material.

Hitherto the yunnanozoan gills have been
regarded as internal structures (/6), integral
to the perforated pharynx and comparable to
those of the lamprey ammocoete larva (4). In
H. jianshanensis, the gills formed external
arches, attached to the outer surfaces of the
dorsal and ventral units. An external position
of the gills makes the location of any pharyn-
geal openings more problematic. No evi-
dence exists for openings in the cuticle of the
median zone. However, well-defined circular
structures [also seen in Y. lividum (7, 8)]
adjacent to the ventral terminations of the
gills, each consisting of an outer annulus and
central zone (Fig. 2, A and B), could repre-
sent individual openings, each defined by a
narrow rim. An alternative possibility is that
these circular structures represent attachment
discs for the gills.

Earlier suggestions for a phylogenetic con-
nection to the vetulicolians, interpreted as stem-
group deuterostomes (/7), can be supported by
our observations of H. jianshanensis. In partic-
ular, the prominent dorsal and ventral units are
similar to the carapace-like anterior of Vetuli-
cola, although in yunnanozoans, the interven-
ing cuticular median zone is expanded. Provi-
sionally, we identify the circular structures on
the lower unit as pharyngeal openings, ventral
to the equivalent structures in the vetulicolians.
The yunnanozoans, therefore, are interpreted as
a deuterostome stem group, but the possession
of gills suggests that phylogenetically they are
more crownward than the vetulicolians. If the
dorsal and ventral nerve cords are correctly
identified, this would find a counterpart in en-
teropneust hemichordates; in other respects, the
yunnanozoan body plan is markedly divergent.

Deuterostome phylogeny is problematic,
both because of the disparate nature of the
extant phyla and the seemingly bizarre nature
of the candidate stem taxa. Although molec-
ular data on deuterostomes (78, 19) offer new
insights into previously unexpected relation-
ships, the fossil records of groups such as
calcichordates (20), vetulicolians (/7), and
yunnanozoans are of central importance. In
particular, it is possible that the diagnostic
pharyngeal arches are effectively composite
structures, being derived from a pharyngeal
opening that evolved [in the vetulicolians
(17)] before the appearance of prominent gill
arches. In this scenario, only subsequently
did these gills migrate to an internal (and
more protected) position.

Systematic Paleontology is as follows:
?Phylum Vetulicolia

Class Yunnanozoa Dzik 1995 (5)

Family Yunnanozoonidae Dzik 1995 (5)

Genus Haikouella Chen et al. 1999 (4)

Haikouella jianshanensis n. sp.

Etymology: Specific name refers to Jian-
shan (peaked hill), where the material was
collected.

Holotype: ELI-0010001(226)

Other material: More than 1420 specimens.

Stratigraphy and locality: Qiongzhusi
(Chiongchussu) Formation, near base of
Yuw’anshan Member (Eoredlichia Zone),
Lower Cambrian. Specimens collected from
Jianshan, about 2 km east of Ercai village,
Haikou, near Kunming, Yunnan.

Diagnosis: Anterior of main body consist-
ing of dorsal and ventral units, connected by
membrane; six pairs of external gills, at-
tached to both units; gills robust, bipectinate;
skirtlike extension, attached to anterior end of
either unit. Posterior section segmented,
lightly cuticularized. Mouth large, anterior
gastric cavity probably voluminous, posterior
with narrow intestine.
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Homo erectus Calvarium from
the Pleistocene of Java

Hisao Baba,’?* Fachroel Aziz,® Yousuke Kaifu,’ Gen Suwa,*
Reiko T. Kono,? Teuku Jacob®

A Homo erectus calvarium [Sambungmacan 4 (Sm 4)] was recovered from
Pleistocene sediments at Sambungmacan in central Java. Micro—computed
tomography analysis shows a modern human-like cranial base flexion associ-
ated with a low platycephalic vault, implying that the evolution of human
cranial globularity was independent of cranial base flexion. The overall mor-
phology of Sm 4 is intermediate between that of earlier and later Javanese
Homo erectus; apparent morphological specializations are more strongly ex-
pressed in the latter. This supports the hypothesis that later Pleistocene Jav-
anese populations were substantially isolated and made minimal contributions

to the ancestry of modern humans.

Javanese Homo erectus is best represented by
the Early and Middle/Late Pleistocene re-
mains found at Trinil, Sangiran, and Ngan-
dong (/—4). Shared features of these homin-
ids have led to the notion of continuous re-
gional evolution in Java (5—7) as part of a
broader H. erectus species distribution (8, 9).
However, the actual evolution of Asian H.
erectus is uncertain (7, 8), and phyletic rela-
tionships concerning H. erectus, other archaic

Homo, and modern humans remain unre-
solved (6-11). Aside from the widely ac-
knowledged increase of cerebral mass (12),
the underlying morphogenetic basis of the
transition from H. erectus to H. sapiens has
only begun to be explored. Here we describe
a new calvarium, Sambungmacan 4 (Sm 4).
We analyzed Sm 4 by micro—computed to-
mography (micro-CT)—based visualization
and compared it with other Javanese crania.
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In the Sambungmacan area, two partial cal-
varia (Sm 1 and Sm 3) and a tibia fragment (Sm
2) of H. erectus were previously recovered
(13-15). Affinities with the Ngandong series
were suggested for the two calvaria (13, 15),
although some regarded Sm 1 as intermediate
between the Trinil/Sangiran and Ngandong
hominids (6). The new adult calvarium, Sm 4,
was discovered on 1 October 2001, between
Mlale village of the Jenar district and Ce-
meng village of the Sambungmacan district
in central Java (Fig. 1). It was found 4 km
west of where Sm 1 was found in 1973, and
100 m upstream from where Sm 3 was dis-
covered in 1997 (15). The specimen was found
along the Solo River during the collection of
sand for construction material, but it shows no
obvious signs of fluvial transport or surface
weathering. Fossiliferous sediments of Middle
Pleistocene age crop out upstream (/6). Sm 4
preserves all calvarial elements, including those
of the cranial base except the ethmoid. There is
no obvious postmortem distortion, and osseous
surface detail is excellent.

Sm 4 is larger than most other H. erectus
specimens and probably belonged to a male.
Most cranial sutures show minimal to moderate
closure, suggesting that the individual was mid-
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Fig. 2. Views of Sm 4 and CT imagery of Sm 4 and comparative materials. Anterior (A),
posterior (B), basal (C), superior (D), and lateral (E) views of Sm 4 are shown. (F) Superior view
of virtual endocast. Superimposed midsagittal sections of Sm 4 (red) and Sangiran 17 (gray) (G)
and of Sm 4 (red) and Ngandong 12 (gray) (H) are shown. (1) Mid- (gray) and parasagittal (red)
sections of Sm 4 and (J) of a modern human cranium. Sagittal micro-CT sections of the
mandibular fossa were taken just medial to the lateral edge of the tympanic, which position
is shown for Sangiran 17 (K). The sections are Sangiran 17 right (L) and left (M), Sm 4 left (N),
and Ngandong 12 left (O). Arrows indicate the position of the squamotympanic fissure.
Landmarks plotted in (G) and (H) were determined from the serial micro-CT images as follows:
anterior pole of the endocranium, midpoint on the internal endocranial contour between the
anterior pole point and internal bregma, internal bregma, midpoint on the internal endocranial
contour between the internal bregma and lambda, internal lambda, posterior pole of the
endocranium, opisthion, and basion. The anterior and posterior pole points were defined as the
most anterior and posterior points in an axis parallel to the glabella-inion line, in the serial
parasagittal sections, projected onto the midsagittal section. Registration of Sm 4 and Sangiran
17 or Ngandong 12 was done by the Procrustes technique of superimposition (centroid size
standardization and least-squares fit of the eight landmarks). Parasagittal sections of (I) and (])
were taken through the maximum anterior projections of the temporal pole of the middle
cranial fossa. Images (L) to (O) were obtained by reformatting the serial micro-CT images. In
Ngandong 12 (O), the entire squamous portion of the fossa inclines posterosuperiorly, so that
the deepest part of the fossa occurs posteriorly at the squamotympanic fissure. Contrary to
previous assessments (7, 75), Sangiran 17 does not show this peculiar morphology. The
squamous portion of the fossa exhibits a broad and deep concavity placed anterior to the
squamotympanic fissure. This is typical of both modern humans and other fossil hominids. The
micro-CT image (M) reveals a postmortem crack passing through the deepest portion of the left
mandibular fossa of Sangiran 17. Sm 4 is intermediate between Ngandong 12 and Sangiran 17.
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Table 1. Cranial base metrics of Sm 4 and the comparative materials. Cranial
base angle 1 (CBA1) is the angle between the basion-sella and sella—foramen
caecum and CBA4 is the angle between the clival plane and planum sphe-
noideum (34). TP1 is the ratio between the sella-temporal pole distance and
the sella—foramen caecum length. The temporal pole point is defined as the
most anterior point of the middle cranial fossa projected onto the midsagittal
plane perpendicular to the sella—foramen caecum line. ORA1 is the angle
between the sella—foramen caecum line and the line connecting the postero-

superior point of the tuberculum sellae and the anteroinferior pole of the
anterior cranial fossa projected onto the midsagittal section. The anteroin-
ferior pole point was defined on the parasagittal section passing through the
middle of the foramen ovale. Values derived from the right and left sides were
averaged in both TP1 and ORA1. The TP1 estimate of Ngandong 12 is based
on its temporal pole position and preserved sella turcica floor. The approxi-
mate locations of the sella and foramen caecum were derived from Procrustes
superimposition of Ngandong 12 with Sm 4.

Cranial base angle

Temporal pole position Orbital roof angle

CBA1 CBA4 TP1 ORA1

Mean SD Range Mean SD Range  Mean SD Range Mean SD  Range

Modern human  This study, n = 9 136 4.7 128.5-141 110 85 98-122 040 0046 035-050 119 358 6-18
Spoor 1997 (35), n = 48 138 49 - - -
McCarthy 2001 (34), n = 60 136 52 111 6.8 - -
Ross and Henneberg 1995 - 112 7.4 92-135 - -

(22),n = 93

Sm 4 This study 141 97 0.30 20
Ngandong 12 This study - - (0.29) -
OH 9 Ross and Henneberg 1995 (22) - 93-104 - -

Table 2. Cranial characters that differentiate the Javanese H. erectus subgroups, and the phenetic
condition of the Sambungmacan calvaria (79). These characters were taken or modified from the
literature (5, 7, 8, 13, 15, 17), except for item 11. For items 2 through 22, the morphological condition
of interest is listed in the first column. Each subgroup/specimen exhibits either the listed condition “+,”
or a partial expression of that condition “int.” Parentheses indicate notably
variable conditions. Item 14 refers to a mandibular fossa characterized not only by an anteroposteriorly
short, deep fossa with the squamotympanic fissure situated in the deepest portion, but also by a laterally
extended tympanic plate forming the “posterior wall” of the fossa and minimal or no development of the
postglenoid process (Fig. 2). The African H. erectus OH 9 differs in the latter aspects. Characters 7 to 10,
14, 16, 18, and 20 to 22 are possibly uniquely derived features characteristic of the Ngandong series.

w_on

a different condition “—,

The overall morphology of Sm 4 is that of
H. erectus, and it shares many features with
Javanese representatives of the species (Fig. 2,
A to E). The vault is long and low, with the
maximum breadth across the supramastoid
crests. The thick supraorbital torus is relatively
straight in front view, as is typical in H. erectus
of Java. The strong coronal and parietal keels
are continuous with the weaker frontal keel via

Cranial characters Trinil/Sangiran  Sm 1 Sm3 Sm4 Ngandong the bregmatic eminence. The occipital bone is
sharply angled at the well-developed occipital
1. Cranial capacity (em?3) 813-1059 1035 918 1006 1013-1251  torys. Suprameatal and supramastoid crests are
2. Relatively high vault ) + + - (+) marked, and angular tori are extensive on the
3. Moderately swollen frontal squama and - + + int + . . .
posterior parietals ma§t01d angles of the panetgls. The thick tym-
4. Postorbital constriction comparatively - + + + + panic pla.tes are.coronally oriented. The sty'101.d
weaker process is lacking. Sm 4 lacks characteristic
5. Strong temporal gutter - int - + + features of Chinese H. erectus represented by
6. Redu:]ed relative area of temporal muscle - + + + + the Zhoukoudian specimens, such as the con-
attachment : 1 1 | E frr 1
7. Extremely linear supraorbital torus in - +? + int (+) tinuous supratorq suieus, Ste.e.p y nsmg ontz.l
front view squama Wlth salient tqbergsmes, narrow occi-
8. Laterally thickened supraorbital torus - int + + + put, relatlyel}{ large biauricular breadths Wlth
9. No supraglabellar depression with right - int + int (+) markedly inclined temporal walls, and medially
and left supratoral planes discontinuous restricted petrosal crest (5, 7, 17, 18).
10. Extensive, plateau-like angular torus ) + L (+) The endocranial capacity of Sm 4 is 1006
1. An'gero-posterlorly elongated parietal - int + int + cm?, on the basis of volume rendering of 592
Lrura ial CT scans taken at a slice thickness and
12. Wide supramastoid sulcus - int + int (+) seria ;
13. Large mastoid with triangular base - int + int + Plt.Ch of 340 Hm (19). Th? 'Vlrtual e.ndoca.st
14. Specialized mandibular fossa morphology - int + int + (Fig. 2F) exhibits left occipital petalia, as is
15. Well-developed tympano-mastoid fissure ) int + + + common in other H. erectus remains and
16. Le.ss extensive digastric fossa as.sociated - int ? int + modern humans (72). The internal occipital
with well-developed paramastoid crest crest is broad, and inion is widely separated
17. Vertically set occipital squama - + + + + fi dinion. The frontal si : tricted
18. Marked projection of occipital torus ) - - + (+) rom endinion. the Irontal sinus 18 restricte
19. Lower arm of occipital torus stronger than - int + int (+) relative to Euro-African specimens .SUCh as
the upper Kabwe and Petralona (20), with limited lat-
20. Extreme expression of an excavated - - - - (+) eral and no posterior extensions.
nuchal planum , Presumed male representatives of the San-
21. Opisthionic recess of foramen magnum - ? + + + giran and Ngandong series, Sangiran 17 and
present Ngandong 12, that best preserve the cranial
22. Strong postcondyloid tuberosity - ? + + + g g 14 p

base were compared with Sm 4. In sagittal

profile, the endocranial contour is comparably

Downloaded from www.sciencemag.org on December 18, 2006

characteristics of healed scars, as has been re-
ported for several calvaria from Ngandong
(17), 40 km east of Sambungmacan.

dle-aged or younger. There are several shallow
depressions on the intact frontal squama and
anterior parietals, the surfaces of which show

platycephalic in all three crania, but Ngandong
12 exhibits a slightly more depressed cranial
base and higher frontal profile than does Sm 4
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Fig. 3. First and second principal com- 2
ponent (PC) scores of linear measure-
ments of the whole vault (see fig. S1 for
results on the individual bones). Vari-
ables are as follows: maximum cranial
length, minimum frontal breadth, max-
imum cranial breadth, biasterionic
breadth, and porion-bregma height. PC
1 (which accounts for 76% of the vari-
ance) gives greater scores if the vault is
larger overall; PC 2 (which accounts for
11% of the variance) gives greater 1
scores if the biasterionic breadth is nar-

rower and the vault is higher. H. erectus

(solid symbols) and later archaic Homo

(open symbols) specimens dated be- )

tween 1.8 to 1.4 million years (circles),
1.4 to 0.7 million years (triangles), and
0.7 million years and younger (squares)

-3

PC2
@

.hex

from Indonesia (red), Africa (blue), East
Eurasia (green), and West Eurasia (sky
blue) are included. The Sambungmacan

-3

-2 =1 0 1 2
PC1

specimens are indicated by stars. Hex, Hexian; Nar, Narmada; Kab, Kabwe; Cep, Ceprano; Pet,
Petralona. Symbols without specimen names are as follows: red triangles, Trinil/Sangiran; red
squares, Ngandong; green squares, Zhoukoudian; blue circles, East Turkana; sky blue circles,

Dmanisi; sky blue squares, Sima de los Huesos.

or Sangiran 17 (Fig. 2, G and H). The thickness
of the frontal bone at the glabella or nasion is
weaker in Sm 4 and Ngandong 12 than in
Sangiran 17. Overall, differences in cranial
morphology tend to be more clearly manifested
externally, whereas all three crania revealed a
remarkably similar endocranial shape.

The cranial base flexion of H. erectus has
hitherto been estimated in a single damaged
specimen, OH 9, from the early Pleistocene of
Africa. Our results show that the cranial base
flexion of Sm 4 was as strong as in modern
humans (Table 1 and Fig. 2, I and J) (21), as was
suggested by OH 9 (22), but reports of two
Kenyan specimens from the earliest Pleistocene
have left open the possibility that early H. erec-
tus might have been characterized by a less
flexed condition (23). The strong cranial base
flexion of Javanese H. erectus suggests that
midsagittal flexion did not play a decisive role in
either the reduction of facial projection or the
emergence of neurocranial globularity [compare
with (24, 25)].

Despite the derived condition of the mid-
sagittal endocranial base, the structure of the
more lateral endocranial base of Javanese H.
erectus is distinct from that of modern hu-
mans (Fig. 2, I and J). The orbital axis of
Australopithecus and, to a lesser degree, ar-
chaic Homo has been described as more an-
terodorsally oriented than in modern humans
(20, 22). Although the same axis could not be
measured in Sm 4, the inclination of the
superior orbital roof is more anterodorsal
than in modern humans (Table 1). In Sm 4
and Ngandong 12, the middle cranial fossa
does not extend anteriorly as far as in modern
humans (26) (Table 1). Changes in orbital
orientation and temporal pole position are
likely correlates of a general restructuring of
anterior and middle cranial fossae associated

www.sciencemag.org SCIENCE VOL 299 28 FEBRUARY 2003

with cerebral expansion. The length between
the sella and the anterior temporal pole in our
CT data sets corresponds to the “anterior
sphenoid length” of previous radiographic
studies (24). Our results indicate that the
primitive condition of Homo was probably a
shorter sphenoid, in concert with Spoor et
al’s (27) analysis of archaic Homo. The
importance of the lateral cranial base in the
development of facial form has been empha-
sized in modern humans (28), although such
structural and developmental relations remain
unclarified in evolutionary perspective.

The midsagittal cranial base flexion of ar-
chaic H. sapiens such as Kabwe has been sug-
gested to be weaker than in modern humans by
about 15° (22, 24, 25). The apparent contradic-
tion of stronger cranial base flexion in Javanese
H. erectus may reflect any of the following
possibilities. First, it may simply reflect normal
levels of intraspecific variation, with both H.
erectus and archaic H. sapiens possessing com-
parable modal conditions. An inferred strong
flexion in Bodo (29), another African example
of archaic H. sapiens, supports this hypothesis.
Second, a strong cranial base flexion might have
been characteristic only of later H. erectus but
not of H. erectus in general, a hypothesis con-
tradicted by the OH 9 estimate. Finally, archaic
H. sapiens may have secondarily acquired a
more extended cranial base from the ancestral
H. erectus condition. A possible mechanism for
this might be a situation in which a slightly
greater degree of postnatal extension of the cra-
nial base occurred through interrelation with
somatic growth.

Our analyses also offer new insights into the
evolutionary history of Javanese H. erectus and
into the ongoing controversy surrounding the
origin of modern humans. Sm 4 is similar to
Sangiran 17 and other Trinil/Sangiran speci-

REPORTS

mens in its platycephalic cranial shape and lack
of a strongly excavated nuchal plane. Sm 4
and Sm 1 are intermediate between Trinil/
Sangiran and Ngandong, or close to Ngan-
dong, in many other features (Table 2). Sm
4 also exhibits the rare presence of a fora-
men ovale subdivided by a bony bridge, as
do some of the Ngandong specimens (/7).
In most of these features, Sm 3 exhibits the
Ngandong series condition (/5) (Table 2).

We conducted principal component anal-
yses (PCAs) of several sets of metric data
(19) to examine phenetic similarities among
specimens without making a priori assump-
tions about grouping. A recent overview of
Asian H. erectus contrasted the Javanese and
Chinese samples from PCAs of cranial capac-
ity and four cranial vault measurements (7,
30). Our results of five length, breadth, and
height variables of the cranial vault (Fig. 3)
and evaluations of individual bones (fig. S1)
demonstrate the intermediate state of the
Sambungmacan specimens within the Jav-
anese series in relative cranial height and in
temporal bone size and shape. In parietal and
occipital bone size and shape, the Javanese
crania cluster tightly, with subsample ranges
of variation overlapping extensively.

The combined evidence suggests that Sm 4
(and Sm 1) represent a transition linking the
Trinil/Sangiran and Ngandong hominids mor-
phologically and possibly temporally. Our anal-
ysis also demonstrates that later Javanese H.
erectus exhibits a suite of unique features (Table
2). These include aspects of mandibular fossa
and foramen magnum morphologies (15, 17),
which changed from an ancestral condition (the
Trinil/Sangiran condition, which is closer to that
seen in modern humans), to one more derived in
later Javanese forms (Ngandong) (Fig. 2, L to
0). The morphological distinctiveness of the
Javanese H. erectus lineage apparently intensi-
fied over time. This might have occurred
through episodic range contraction and frag-
mentation, as glacial cycles recurred throughout
the Pleistocene (7, 37). If H. erectus avoided
tropical forest habitats, gene pool fragmentation
was probably accentuated in peak interglacial
periods, although details of the regional paleo-
environmental history and habitat preference of
H. erectus are little known (32, 33).
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Foraging Adaptation and the
Relationship Between Food-Web
Complexity and Stability

Michio Kondoh

Ecological theory suggests that complex food webs should not persist because of
their inherent instability. “Real” ecosystems often support a large number of
interacting species. A mathematical model shows that fluctuating short-term
selection on trophic links, arising from a consumer’s adaptive food choice, is a key
to the long-term stability of complex communities. Without adaptive foragers,
food-web complexity destabilizes community composition; whereas in their pres-
ence, complexity may enhance community persistence through facilitation of
dynamical food-web reconstruction that buffers environmental fluctuations. The
model predicts a linkage pattern consistent with field observations.

Ecological theory (/-5) suggests that com-
plexity (high species richness, dense trophic
links) destabilizes food webs. “Real” ecosys-
tems often support large numbers of species
interacting in highly complex networks of
direct and indirect pathways (6—9). To re-
solve this apparent paradox, several hypoth-
eses have been proposed, including ones at-
tributing “real” food-web stability to domi-
nance of stabilizing food-web architecture
(10, 11). These studies have considered rela-
tively static topological food-web features
such as distribution of interaction strength
(10) and trophic links (/7). 1 propose that
“flexibility” in food-web structure, arising
from the consumers’ adaptive behavioral (72,
13) or evolutionary (/4, 15) switches in food
choice in response to qualitative and quanti-
tative resource changes, stabilizes complex
food webs.

Adaptation is critical to food-web dynamics
(16) and influences food-web stability (/7).
This study considers food-web models having
more realistic and wide-ranging complexity,
where the degree of flexibility is manipulated
by systematically changing both the fraction of
adaptive foragers and their adaptation rate. This
provides a comprehensive picture of the syner-
gistic effects of food-web complexity and ad-
aptation on food-web stability.

Consider a food web comprising N spe-
cies, any pair of which are connected to each
other with probability C (=1; connectance).
In determining trophic link direction, I used
two models, random (/8) and cascade (4, 18),
which generate different substructures (19).
Suppose that consumers cannot consume dif-
ferent resource species simultaneously be-
cause of the prey’s patchy distribution (72),
the capturing strategy for different prey (12),
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or the consumer’s sensory and cognitive con-
straints for discriminating between prey (20).
Consumers allocate their foraging effort
among possible resources and, given a fixed
total foraging effort (measured by energy or
time), per capita consumption rate would in-
crease with increasing foraging efficiency
and increased foraging effort allocated to the
resource (21).

The dynamics of species i (1. .. N) bio-
mass, X;, is described by:

ax,
d

Xl ri—s.X + 2 e; fyayX; —

J € resources

E S X oY)
j € consumers

where 7, is an intrinsic reproductive rate; s; a
self-regulation intensity; f; the foraging efficien-
cy of species i on resource species j, defined as
a per capita foraging rate when all foraging
efforts are allocated to resource j; a;; the forag-
ing effort of species i allocated to resource j

(E a; = const. = 1, and a; =0

J € resources

when species i does not feed on species j);
and e;; the metabolic rate of species i consum-
ing species j. Hereafter, ¢, is, for simplicity,
set to a biologically feasible (22, 23) constant
value, e (here e = 0.15, but for e = 0.01 to
0.35 the value does not alter the main result).

I used community persistence, the proba-
bility that all species persist for a given time
in fluctuating environments, as an index of
food-web stability. As biological parameters
change over space and time by environmental
disturbances, the community persisting in the
wider parameter region is more likely to be
observed in nature (3). To estimate the effects
of complexity on community persistence, |
calculated the probability of community per-
sistence in an ensemble of stochastically gen-
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