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In spite of the early emphasis of plant
ecologists on positive species interac-

tions (or facilitation) as a major determi-
nant of community structure, experimen-
tal evaluation of this issue languished
until recently1. However, during the past
two decades community ecologists have
devoted increasing attention to this
issue2. Studies in terrestrial plant assem-
blages, salt marsh communities and
marine benthic communities have shown
convincingly that positive interactions
can be important, particularly where envi-
ronmental stress or consumer pressure is
strong. Collectively, this evidence leaves
little doubt that positive effects [e.g. com-
mensalism (1/0 interactions) and mutual-
ism (1/1 interactions)] must be consid-
ered in studies of community dynamics.

However, what remains unclear is the
relative importance of positive interactions
compared with other interactions and
processes in determining community pat-
terns. Studies aimed at detecting positive
effects have been quite successful1,3. How-
ever, as with earlier attempts to evaluate
the importance of negative effects (such as
competition and predation4–6), until the
proportional contribution of all major
processes to community structure is deter-
mined in a broader context, we will still 
not know if positive effects (or the condi-
tions under which they occur) contribute 
substantially to community patterns. In
other words, if we could partition total
community variance into the components
explained by each process, would positive
effects contribute a large (e.g. .25%) or
small proportion (e.g. ,10%)? Would such
proportions change with alterations in
environmental stress or productivity? Such
knowledge is crucial if we are to under-
stand how communities and ecosystems
work or to predict their response to pertur-
bations, such as global climate change.

Research on salt marshes and on rocky
shores, led Mark Bertness et al.3 to docu-
ment and to quantify the effects of positive
interactions on community structure. In a
new paper7, Bertness et al. attempt to
explicitly address the relative importance
of positive effects versus neutral and nega-
tive effects under varying conditions of
environmental stress. They used a rocky
intertidal community in a Maine estuary
(USA) to test how habitat modification by
an algal canopy affects survival, growth,

recruitment, predation and grazing of
major community components. In this
ecosystem, previous research has docu-
mented positive canopy effects (e.g. on pre-
dation rate of whelks on mussels8) and neg-
ative canopy effects (e.g. on barnacle
recruitment9); thus, there is reason to
believe that properly designed experiments
could discover how such effects might vary
in relation to environmental stress.

Species interactions on the Maine coast
Rocky shores in New England are char-

acterized by a wide range of environmental
conditions and species abundances. Sum-
mer temperatures can exceed 408C, but
winter temperatures can be less than
2188C. Given such extremes, it is a marvel
that the biota of rocky shores in this region
is so abundant and so lush. However, in
this habitat the dominant macrophyte on
relatively wave-sheltered shores is the
long-lived (5–25 yr) fucoid alga, Ascophyl-
lum nodosum. This plant reaches .2 m in
length and at low tide forms a thick, moist
layer of vegetation commonly covering
100% of the underlying rock substratum7,9.
Sessile invertebrates (e.g. mussels and bar-
nacles) are generally scarce beneath the
canopy, but are somewhat more abundant
at the upper edge than at the lower edge 
of the Ascophyllum zone9. Green crabs
(Carcinus maenas) and littorine snails 
(Littorina littorea) are also abundant.

As quantified by Bertness et al.7, the
algal canopy keeps understory tempera-
tures up to 5–108C cooler than in areas with-
out a canopy. Their work took advantage of
a feature of rocky intertidal habitats that
makes them particularly amenable to such
investigations – the existence, over a short
distance (a few meters), of a steep gradient
of environmental stress. Because of the
alternation of exposure to air and to water
during regular tidal changes, the propor-
tion of time that intertidal organisms are
emersed increases with increasing tidal
height. Thus, by establishing identical
experiments at the upper and the lower
edges of the Ascophyllum zone, they tested
the responses of organisms and species in-
teractions to conditions of relatively high
and low stress (high shore and low shore,
respectively).

The experiments combined algal re-
moval, unaltered stands and artificial shade
to generate three treatments: 1canopy

1shade (plots with normal Ascophyllum
cover left intact), 2canopy 1shade (plots
with Ascophyllum cleared but shaded with
plastic mesh arches) and 2canopy 2shade
(plots with Ascophyllum cleared). They
tested canopy effects on the colonization of
filter-feeding mussels and barnacles, graz-
ing gastropods and predatory crabs by
placing recruit collectors in all three plots.
The effect of the canopy on the survival and
growth of mussels and grazing gastropods
was tested using caged, marked individuals
that were translocated to higher and to
lower plots. Barnacle survival and growth
was estimated from photographs taken in
autumn, six months after the individuals
had settled. Rates of crab predation on
mussels were quantified using short-term
tethering experiments. Canopy effects on
herbivory and algal recruitment were
tested using herbivore exclosures with
appropriate controls.

Stress amelioration models10 predict
that positive interactions should in-
crease in importance as indicators of com-
munity structure, with increasing stress.
Thus, the expectation was that high-zone
experiments would reveal a stronger posi-
tive influence of the canopy than in the
low-zone experiments. For example, if
organisms recruited less densely, grew
slowly, survived poorly or fed slowly in the
hotter, drier conditions in plots lacking
Ascophyllum, relative to organisms in the
cooler, moister conditions in plots under
the Ascophyllum canopy, then the canopy
was beneficial to these organisms. By con-
trast, higher recruit density, faster growth,
higher survival or more rapid consump-
tion in cleared plots would indicate a nega-
tive effect of the canopy. Importantly, a
shift from more negative to more positive
canopy effects between lower and higher
tidal height experiments (as indicated 
by height 3 canopy statistical interactions
in analyses of variance) would signal that
species interactions were modified as ex-
pected when experiencing increased
stress.

What were the positive effects docu-
mented in this study7 and what were their
overall contibutions to community struc-
ture? Recruitment of mussels (1996 only)
was differentially enhanced by the canopy
at higher tidal heights. Crab (1995 only)
recruitment was also enhanced but the
effect did not vary with tidal height. Recruit-
ment of barnacles and littorine snails was
reduced, not increased, by the canopy. For
all these species, recruitment tended to be
higher at lower tidal heights. Survival of
mussels and barnacles, and growth of mus-
sels were enhanced by the canopy at higher
tidal heights, but other responses to 
the canopy at higher levels were neutral 
(littorine survival and barnacle growth) or
negative (littorine growth).
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The results suggested that the predicted
changes did indeed occur. At the commu-
nity level, the percentages of direct interac-
tions that were positive, neutral (i.e. not dif-
ferent between 1canopy and 2canopy
plots) and negative, respectively, were 44,
33 and 22 in the high zone and 0, 56 and 44 in
the low zone. Therefore, as expected, posi-
tive interactions were relatively frequent
under conditions of high stress but absent
under conditions of low stress.

Do these results demonstrate that posi-
tive effects are relatively more important
determinants of community structure in
the high zone than in the low zone?
Although the results are suggestive, fre-
quencies of effects categorized by the sign
of the effect (1, 0 or 2) do not necessarily
reveal their relative importance. Moreover,
these short-term results do not necessarily
reveal how patterns requiring longer peri-
ods of time will arise. These7, and previous,
experiments11,12 suggest that, in spite of
increased mussel recruitment, growth and
survival under the canopy at high levels,
crab predation and low recruitment might
be largely responsible for the long-term
sparseness of mussels and barnacles under
the canopy. Crab predation was stronger at
lower levels but did not vary with canopy
cover, at least on the scale of the 1.5 3 1.5 m
plots used in these experiments.

What processes underlie the high abun-
dance of Ascophyllum? Fucoid recruitment
was dense in the absence of littorines, but
grazing virtually eliminated fucoid recruit-
ment in the Maine experiments7, both at
high levels and at low levels in the presence
and the absence of the canopy. At least in
1grazer treatments no canopy effect on
fucoid recruitment was detected. Asco-

phyllum canopy enhanced recruitment 
of Ascophyllum juveniles, but only in
2grazer treatments (exclosure cages).
Evidently, the dominant Ascophyllum
canopy arises from infrequent escapes in
size (i.e. growth to grazer-invulnerable
size) by a few algal recruits from grazers,
which persist once they have passed
through a grazer-vulnerable size13.

Conclusions
Thus, at wave-sheltered areas of low

flow, positive interactions with the domi-
nant canopy-forming species, Ascophyllum,
seem at least partly responsible for ele-
vated abundances of mussels and barna-
cles at the upper edge of the Ascophyllum
zone. Compared with lower levels, where
negative interactions are the dominant
structuring forces, positive interactions are
relatively more important in the high zone.
At the same time, these positive effects
appear subtle, and are tightly interwoven
with a complex matrix of positive, neutral
and negative effects.

Bertness et al. have provided an im-
portant step in the direction of evaluating
the relative influences of positive and of
negative species interactions in relation to
environmental stress. Their work makes a
strong case for the need for similar efforts in
other systems, and provides a valuable
template upon which to build creative
short- and long-term studies that can tease
out the relative and the interactive effects of
positive, neutral and negative species inter-
actions on community structure.
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Egg yolk in birds, reptiles and many
fish is coloured yellowish-red by

carotenoids. Much of what we know
about carotenoids in eggs comes from
studies on poultry, where the colour of
the egg yolk affects our perception of its
palatability. However, until recently, apart
from questions of consumer taste, there
has been no adaptive explanation of why
many oviparous animals provision their
eggs so richly with carotenoids (Fig. 1). It
now appears that, in developing birds
carotenoids protect vulnerable tissues
against damage caused by free radicals,
thus suggesting new perspectives on

reproductive trade-offs in females and 
on the evolution of carotenoid-based
visual signals.

Carotenoids are biologically active pig-
ments, which animals must obtain from
their diet; they can only be synthesized de
novo by plants, certain bacteria and fungi.
These pigments are most conspicuous in
the sexual signals of many animals, and
there is support for the idea that such col-
oration has evolved to reveal the animal’s
health status, because of increasing 
evidence that carotenoids are powerful
antioxidants and immunostimulants1,2.
New work by biochemists Peter Surai,

Brian Speake and colleagues on the
composition of birds’ eggs3,4 has shown
that egg yolk carotenoids and related
antioxidants reduce lipid peroxidation in
the vulnerable, lipid-rich tissues of devel-
oping embryos and chicks (caused by free
radicals generated during normal oxida-
tive processes), thus protecting the cell
membranes and/or cell functions of impor-
tant organs3, and the passively acquired
antibodies5, against damage. Oxidative
stress is probably most prominent in
rapidly growing organisms, such as avian
embryos6, because of the high rates of
oxidative metabolism during growth. 

The discovery of such a fundamental
role for antioxidants in young birds paves
the way for new lines of study in ecology.
Hypotheses that could be tested include
the possibility that carotenoid-based visual
traits in female birds advertise their ability

Why egg yolk is yellow


