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Abstract. Positive interactions that result from neighbors buffering one another from 
stressful conditions are predictably important community forces in physically stressful 
habitats. Here, we examine the generality of this hypothesis in marine intertidal commu
nities. Intertidal communities have historically played a large role in the development of 
community ecology since they occur across pronounced physical gradients and are easily 
manipulated. Positive interactions, however, have not been emphasized in studies of in
tertidal communities.

We first review studies of intertidal marsh plant communities that suggest that positive 
interactions play a dominant role in the structure and dynamics of these common assem
blages. We then present the results of an experimental manipulation on New England rocky 
shores that suggests that group benefits are as important in maintaining the upper intertidal 
limits of dominant spaceholders on rocky shores as the negative forces of competition and 
predation are in maintaining lower distributional limits.

We conclude by discussing the generality and implications of our results. We argue that 
biogeographic biases have limited appreciation of the role played by positive interactions 
in intertidal communities. Most of the work that has formed the foundation of marine 
intertidal ecology was done in cool temperate habitats, whereas positive interactions driven 
by the amelioration of thermal or desiccation stresses are likely more important in warmer 
climates. We further argue that many important positive feedbacks operate at large spatial 
scales, not conducive to experimental study, and thus have escaped critical attention and 
general acceptance. We suggest that recognizing the role of positive interactions in com
munities may be key to understanding population and community processes in physically 
stressful habitats, many large-scale landscape processes, and uncovering long-suspected 
linkages between biodiversity and community stability.

Key words: community ecology; distributional limits; group benefits; habitat amelioration; phys
ical stress.

I n t r o d u c t i o n

Few contemporary ecologists would deny the role 
played by positive interactions in many natural com
munities, even though these interactions are not in
cluded in most current models of community dynamics 
(e.g., Tilman 1982, Menge and Sutherland 1987) and 
are not typically discussed as important community 
processes in contemporary textbooks (see Keddy 
1990). Positive interactions can be simply defined as 
any direct or indirect interaction among two or more 
organisms that positively affects the growth or repro
duction of one or more organisms without negatively 
affecting the other(s). Thus, positive interactions in
clude facultative and obligatory mutualisms and facil
itations, trophic and nontrophic interactions, and direct 
as well as indirect interactions.

The absence of positive interactions from most con-

Manuscript received 1 December 1995; accepted 1 Decem
ber 1996; final version received 29 January 1997. For reprints 
of this Special Feature, see footnote 1, page 1945.

temporary discussions of community dynamics is puz
zling. Historically, positive interactions were consid
ered crucial community processes by early ecologists 
(Clements et al. 1926, Allee et al. 1949). It was not 
until the last three decades when competitive and con
sumer processes at relatively small spatial scales were 
overwhelmingly emphasized that ecologists seemed to 
lose interest in the role of positive interaction in com
munities. Yet, evidence suggests that positive inter
actions play crucial roles in many communities. For 
example, most coral reef ecosystems would likely not 
exist without the mutualism between corals and their 
microscopic algal symbionts (Goreau and Goreau 
1966), and positive feedbacks in communities involv
ing nutrients are widespread (Carpenter et al 1985, 
Bianchi and Jones 1991, Stone and Weisburd 1992).

Recently, however, ecologists working in a range of 
natural systems have begun to develop a renewed ap
preciation for the role of positive interactions in com
munities. Positive feedbacks between organisms and 
their physical environment or supply of limiting re
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Increased precipitation and 
lower evaporation at the top 
of the hill result in taller 
vegetation

Taller vegetation catches 
fog precipitation, further 
increasing moisture 
content along the hill

Resulting moisture 
level increases 
vegetation height 
along entire hillside

F ig . 1. Example of a positive switch (sensu Wilson and 
Agnew 1992) where plant cover, by ameliorating potentially 
limiting physical conditions, has positive feedbacks on plant 
community structure.

sources have been discussed conceptually (Odum 1969, 
Patten and Odum 1981, DeAngelis et al. 1986, Wilson 
and Agnew 1992) and empirical studies have begun to 
hint at their general importance (Levinton and Lopez 
1977, Bertness 1984, 1985, Carpenter et al. 1985, Wit
man 1987, Bianchi and Jones 1991, Bertness and Hack
er 1994). Indirect positive interactions that occur in 
food webs as a consequence of consumers sharing food 
resources and enemies have also been recently dis
cussed theoretically (Levine 1976, Holt 1977, Vander- 
meer 1980, Abrams 1983) and shown to be widespread 
in complex natural communities (Dethier and Duggins 
1984, Strauss 1991, Wootten 1993, Menge 1995).

Despite renewed interest in the community role of 
positive interactions, little has been done to incorporate 
them into the conceptual framework of ecology. Hunter 
and Aarssen (1988) and Callaway (1995) have re
viewed the prevalence of positive interactions in plant 
communities. Wilson and Agnew (1992) have termed 
positive, nontrophic interactions among plants that are 
mediated by plant amelioration of physical stresses 
“positive switches.” They suggest that positive switch
es are commonly important processes at large spatial 
scales (see Fig. 1 for an example) and have compiled 
a long list of probable examples. Jones et al. (1994, 
1997) and Lawton (1994) have discussed the need to 
incorporate the often dramatic effects organisms have 
on their habitats into the conceptual framework of ecol
ogy. They suggest that organisms that affect habitats 
in ways that influence habitat use by other organisms
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be termed bioengineers and that many bioengineers 
have strong positive effects on other organisms.

Whereas many ecologists have recently recognized 
the potential importance of positive forces in the fabric 
of natural communities, work on the role of positive 
interactions in communities still largely lacks experi
mental analyses and a predictive understanding of the 
conditions under which positive interactions should 
and should not be expected to be important. Recent 
discussions of the community consequences of positive 
interactions have all emphasized the lack of critical 
experimental manipulations as a major stumbling block 
in accepting the role played by positive forces in com
munities (Strauss 1991, Jones et al. 1994, Lawton
1994). Many of the best correlative examples of po
tential positive interactions are convincing (see Wilson 
and Agnew 1992), but the speculative nature of their 
potential community consequences has limited appre
ciation of their importance.

Understanding under what conditions positive inter
actions are an important organizing force in commu
nities is necessary if they are to be incorporated into 
the conceptual framework of community ecology. If 
the occurrence, strength, and consequences of positive 
interactions are not predictable, ecologists may be jus
tified in ignoring them in general models and treating 
them as noise or natural history idiosyncrasies. Early 
in this century, ecologists emphasized the importance 
of facilitative interactions in succession (e.g., Clements 
et al. 1926), but later evidence suggested that facili
tation only occurred during primary succession when 
early colonizers were necessary to ameliorate harsh 
physical conditions (Connell and Slayter 1977). Recent 
reviews have generally supported the hypothesis that 
group benefits of habitat amelioration are characteristic 
of physically harsh environments (Goldberg and Barton 
1992, Huston 1994, Callaway 1995). Numerous authors 
have also suggested that palatable prey may typically 
be protected from consumers by living in association 
with less preferred prey (Atsatt and O’Dowd 1977, Hay 
1986, Pfister and Hay 1988, Skilleter 1994, Littler et 
al. 1995). These associational defenses would be ex
pected to occur most commonly under heavy consumer 
pressure where the benefits of association outweigh the 
potential costs of competition for resources. Based on 
correlations between group benefits and physically 
stressful habitats and associational defenses and high 
consumer pressure, Bertness and Callaway (1994) pro
posed a graphical model of the frequency and relative 
importance of positive interactions across physical 
stress gradients (Fig. 2). The model predicts that at low 
levels of physical stress where consumer pressure is 
typically high (Menge and Sutherland 1987), associa
tional defenses will be important, whereas at high lev
els of physical stress where heavy consumer pressure 
is rare, positive interactions driven by habitat amelio
ration will be important. At intermediate levels of phys-
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Fig . 2. Conceptual model of Bertness and Callaway 
(1994) predicting the conditions under which positive inter
actions are expected to be important forces in community 
structure. Positive interactions are predicted to be rare under 
mild physical conditions and low consumer pressure. Neigh
bor amelioration of physical stress and associational defenses 
are hypothesized to lead to positive interactions under harsh 
physical conditions and intense consumer pressure, respec
tively.

ical stress the model predicts that positive interactions 
are likely rare and of little consequence.

Intertidal communities are an attractive system to 
examine the association between physical stress and 
the importance of stress-ameliorating positive inter
actions. Historically, rocky intertidal communities have 
been valuable to explore mechanisms generating com
munity structure because intertidal organisms are often 
easily manipulated. Intertidal systems occur across 
sharp environmental gradients. At high-tidal heights, 
organisms may be exposed to harsh terrestrial condi
tions of extreme temperatures and water loss, whereas 
only steps away organisms may never experience ter
restrial conditions. Consequently, the role played by 
physical gradients in intertidal communities is much 
more easily described and examined than similar phys
ical gradients in communities that occur across much 
larger spatial scales (e.g., latitude or altitude).

In this paper, we examine the predictability and per
vasiveness of positive interactions driven by organism 
habitat amelioration in intertidal communities, and sug
gest that if positive interactions are characteristic of 
harsh environments, they should be generally important 
in intertidal environments. We begin by outlining re
cent evidence that positive interactions are predictable 
forces in marsh plant communities that fringe the 
shores of estuaries and other protected coastlines. Then, 
we present new evidence suggesting that positive in
teractions may play an equally powerful role in rocky 
intertidal communities. We close by discussing whether 
intertidal systems are representative of other natural 
communities in terms of the role played by positive 
interactions and the potential importance of biogeog

raphy and climate in mediating the relative importance 
of positive interactions in communities.

P o s i t i v e  I n t e r a c t i o n s  i n  S a l t  M a r s h  

P l a n t  C o m m u n i t i e s

Salt marsh plant communities are characterized by 
striking vertical zonation that is particularly pro
nounced in regions with large tidal amplitude (Chap
man 1974). The halophytic plants that dominate most 
marsh plant communities are clonal turfs that spread 
vegetatively to cover available surfaces, making many 
of these communities space limited. As is typical of 
intertidal space-limited systems (Jackson 1977, Paine 
1984), competitive processes are conspicuously im
portant in marshes. Research over the last decade in a 
variety of marsh plant systems has demonstrated the 
importance of interspecific competition in generating 
and maintaining marsh plant zonation (Silander and 
Antonivics 1982, Snow and Vince 1984, Bertness and 
Ellison 1987, Bertness 1991a, b, Pennings and Calla
way 1991). The paradigm emerging from these studies 
is that marsh plant zonation is the product of compet
itively dominant plants monopolizing physically be
nign habitats and displacing competitively subordinate 
plants to physically harsh habitats where edaphic con
ditions preclude the persistence of the competitive 
dominants. Strong interspecific competitive domi
nance, a steep intertidal physical stress gradient, and 
an inverse relationship between competitive ability and 
physical stress tolerance combine to generate this strik
ing zonation. In New England marshes, for example 
(see Fig. 3), the woody shrub Iva frutescens dominates 
the terrestrial borders of marshes, displacing the rush 
Juncus gerardi to lower elevations. Juncus in turn dis
places salt hay, Spartina patens, from the terrestrial 
border of the high marsh, while S . patens likewise dis
places the cordgrass Spartina alterniflora to the low 
marsh where tidal flooding occurs daily. In all cases, 
the role of interspecific competition in this strong zo
nation pattern is unambiguous and has been clearly 
demonstrated. Plants that dominate higher tidal heights 
die when moved to lower elevations with or without 
neighbors present. Conversely, plants found at lower 
elevations do well if moved to high elevations without 
neighbors, but are competitively displaced rapidly 
when neighbors are present (Bertness 1991a, b , Bert
ness 1992).

The strong role played by competitive processes in 
generating spatial patterns in marsh plant communities, 
however, masks the equally potent and predictable role 
played by habitat-ameliorating positive associations in 
marsh plant communities. Marsh habitats are physi
cally stressful habitats for vascular plants, limiting their 
inhabitants only to those plants capable of tolerating 
extreme edaphic conditions. Two edaphic conditions in 
marsh habitats are particularly harsh: anoxic water
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Hypersaline soils caused by evaporation of 
interstitial water potentially limit plant 
growth and survival

Anoxic, waterlogged soils 
potentially limit growth of 
low-marsh plants

Group benefits of soil 
salinity buffering and soil 
aeration shift zonation 
boundaries seaward

*

Depending on stress level, 
high-marsh bare patches 
close via facilitated 
succession or entirely via 
competitive interactions

Dense low-marsh 
vegetation aerates soils 
(which increases plant 
production) and 
enhances sedimentation 
(which decreases 
erosion)

*

Interspecific competition results in competitive dominants displacing 
subordinates to lower tidal heights

Iva fructescens zone Juncus gerardi zone Spartina patens zone Spartina alterniflora zone

Fiddler crab 
burrowing in the 
low-marsh aerates 
the soil, increasing 
primary production

Mussel beds 
deposit feces 
on sediments, 
increasing 
production 
and stabilizing 
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Fig . 3. Diagrammatic summary of the roles of positive and negative interactions on the structure of southern New England 
marsh plant communities, based on Howes et al. (1981 , 1986), Bertness (1991a, b), Bertness and Shumway (1993), Bertness 
and Hacker (1994), and Bertness and Yeh (1994).

logged soils and high soil salinities. However, both of 
these are very strongly ameliorated by plant cover.

At low elevations in salt marshes that are routinely 
flooded by tides (low-marsh habitats), anoxic soil con
ditions can limit plant growth (Gleason 1980, Howes 
et al. 1981). Low-marsh plants like Spartina alterni
flora, however, have aerenchyma tissue that supplies 
oxygen to belowground tissue, thus aerating anoxic 
soil. As a result, established plants can alleviate po
tentially limiting anoxic soil conditions, leading to a 
positive feedback between plant cover and growth both 
within and among plant species (Howes et al. 1981, 
1986, Shat 1984, Bertness 199lß, Hacker and Bertness
1995).

At higher marsh elevations, high soil salinities can 
limit plant survival and growth. Soil salinity potential 
is highest at intermediate marsh elevations since tidal 
flushing at lower elevations and terrestrial influences 
(runoff) at higher elevations minimize salt accumula
tion. At intermediate elevations, however, by simply 
shading the soil and limiting evaporative water loss, 
plant cover can effectively limit salt accumulation.

As a direct consequence of the buffering of soil sa
linity by vegetation cover at higher marsh elevations, 
positive plant interactions driven by habitat amelio
ration are a predictable feature of physically stressful, 
but not physically benign, high-marsh habitats. This 
influences the predictability and importance of positive 
interactions in secondary succession, seedling estab
lishment, and marsh plant zonation. Large bare patches 
in the high marsh close via facilitated succession, 
where initial colonizers reduce soil salinity, which

leads to the invasion of less salt-tolerant competitive 
dominants (Bertness 1991b, Bertness and Shumway
1993). Since potential salt accumulation in bare patches 
is a function of patch size, tidal height, and rainfall, 
the relative importance of facilitation in patch closure 
is also a function of these variables. Similarly, seedling 
establishment in the high marsh can be dependent on 
the presence of seedling neighbors and/or adult nurse 
plants to ameliorate harsh soil conditions, but again 
only under conditions where salt accumulation is high. 
High seedling densities, for example, can be necessary 
for seedling establishment at intermediate elevations in 
New England marshes, but similar densities lead to 
intense seedling competition at higher, less stressful 
elevations (Bertness and Yeh 1994). Zonal boundaries 
in the high marsh are also sensitive to group benefits 
mediated by habitat amelioration (Bertness and Hacker
1994). In southern New England the seaward border 
of the distribution of marsh elders {Iva) is dependent 
on the presence of clonal turfs that ameliorate high soil 
salinities, but at the terrestrial border of the marsh elder 
zone, where high salinities do not occur either with or 
without plant cover, Iva competitively displaces its 
clonal turf neighbors (Bertness and Hacker 1994). 
These positive feedbacks between plants and local 
edaphic conditions can have a major impact on marsh 
food webs and plant species diversity. Clonal turf fa
cilitation of marsh elders is necessary for the local 
persistence of marsh elder herbivores and their pred
ators (Hacker and Bertness 1996), and clonal turfs are 
also responsible for maintaining the high diversity of
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fugitive plants in high-marsh habitats (Hacker and 
Gaines 1997).

Patterns in marsh plant communities clearly repre
sent a delicate balance between competitive and facil
itad ve interactions (see Callaway and Walker 1997 in 
this Special Feature for further discussion). Under be
nign physical conditions, both intra- and interspecific 
plant competition, is the driving force in secondary 
succession, seedling establishment, and zonation. 
Equally important in understanding marsh plant com
munity structure, however, is that under harsh physical 
conditions intra- and interspecific positive interactions 
driven by habitat amelioration are as predictable a driv
ing force in secondary succession, seedling establish
ment, and zonation patterns as are competitive forces 
under physically benign conditions. How common 
these sorts of positive feedbacks are in the underlying 
fabric and dynamics of other marine and terrestrial 
communities is unknown and largely untested.

A r e  P o s i t i v e  I n t e r a c t i o n s  I m p o r t a n t  

F o r c e s  o n  R o c k y  S h o r e s ?

If positive interactions caused by stress amelioration 
by neighbors are predictably important processes in 
harsh physical environments, they should be common 
in other intertidal environments where inhabitants are 
exposed to harsh physical conditions. In particular, 
rocky intertidal habitats where sessile organisms at
tached to rock surfaces cannot burrow into sediments 
to escape low-tide exposure to heat and desiccation 
should be ideal habitats to test this general hypothesis.

For the last three decades, rocky intertidal assem
blages have been an important model system for elu
cidating processes that generate community pattern and 
structure (Connell 1961, 1970, Paine 1966, 1974, Day
ton 1971, Menge 1976, 1995, Lubchenco 1978). Al
though experimental intertidal ecologists have taken 
advantage of gradients in intertidal habitats to quantify 
how environmental stress affects competitive and con
sumer processes, most of the focus on these shoreline 
assemblages has not been explicitly on the role of phys
ical stresses in directly affecting these communities. It 
could be argued, in fact, that modern experimental ma
rine community ecology developed as a reaction to the 
emphasis of earlier ecologists on physical stress-based 
explanations of intertidal community patterns (e.g., 
Stephenson and Stephenson 1954, Lewis 1960, Newell 
1976). Experimental marine ecologists over the last few 
decades have tended to downplay the role of physical 
stresses other than disturbance on intertidal commu
nities in favor of focusing on biotic interactions.

One of the most robust paradigms that has emerged 
from work in rocky intertidal communities is that the 
upper distribution limits of intertidal invertebrates and 
seaweeds are typically set by physical processes (e.g., 
heat, desiccation), whereas lower distributional limits 
are typically set by biotic processes, (e.g., competition

for space and consumer pressure; Connell 1972, Care- 
foot 1977, Menge and Sutherland 1987). This oversim
plified dichotomy has had the unfortunate effect of set
ting physical stresses and biotic interactions as oppos
ing rather than interacting forces. In addition, a general 
preoccupation with competitive and consumer pro
cesses over the last two decades has also focused the 
attention of rocky intertidal ecologists on lower inter
tidal habitats rather than high-intertidal habitats. As 
pointed out by Wethey (1984), it is not uncommon for 
intertidal ecologists to dismiss high-intertidal limits as 
“ likely due to physical stresses” while devoting most 
of their attention and much more rigor to carefully 
dissecting the processes that generate low-intertidal 
zone patterns. It is also common to consider compet
itive and consumer interactions as density-dependent 
processes, while dismissing responses to physical 
stresses and disturbance as density independent (Con
nell 1972). Thus, a cursory look at the rocky intertidal 
community literature would suggest that positive in
teractions are not particularly common and that work 
in this habitat is not consistent with the prediction that 
positive interactions due to habitat amelioration should 
be common in stressful, high-intertidal rocky habitats.

More careful examination of interactions of organ
isms on high-intertidal hard substrates, however, sug
gests that something may be missing from our under
standing of these habitats. On tropical shores, high al
gal densities buffer individuals from desiccation at high 
tidal heights (Hay 1981) and snails often live in dense 
groups, which serve to minimize individual water loss 
(Garrity 1984). Similarly, on temperate rocky shores 
high densities of barnacles, mussels, and seaweeds 
have been shown to buffer neighbors from physical 
stress at high-tidal heights, but lead to competition 
among neighbors at low-tidal heights (Bertness and 
Grosholz 1985, Lively and Raimondi 1987, Bertness 
1989, Stephens and Bertness 1991). Are these aberrant 
results or do they suggest that positive density-depen
dent interactions are characteristic of high-intertidal 
rocky beach communities?

T e s t i n g  t h e  R o l e  o f  P o s i t i v e  I n t e r a c t i o n s  o n  

R o c k y  S h o r e s

We recently tested the general hypothesis that group 
benefits are as common an organizing force in high 
rocky intertidal assemblages as competitive effects are 
in lower intertidal assemblages on southern New En
gland shores. As study organisms, we used four of the 
most common sessile space holders at middle-to-high 
tidal heights in this region. The study organisms were 
the mussels Mytilus edulis and Geukensia demissa, 
which typically occur in dense intertidal beds in south
ern New England on rocky shores and salt marshes, 
respectively (see Menge 1976, Bertness and Grosholz 
1985 for details) and the brown seaweeds, Ascophyllum  
nodosum and Fucus distichus, which occur in dense
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F i g . 4. Design of the density manipulations of southern New England high intertidal zone sessile spaceholders to test 
the relative importance of positive and negative density effects on individual survivorship and growth. This experiment was 
performed on the mussels Mytilus edulis and Geukensia demissa and the seaweeds Ascophyllum nodosum and Fucus distichus, 
the most prominent primary spaceholders on southern New England shorelines.

stands at middle-to-high tidal heights on rocky beaches 
throughout New England (see Menge 1976, and Lub- 
chenco 1983 for details). Together, these species and 
the northern acorn barnacle, Semibalanus balanoides, 
are the most dominant rocky intertidal spaceholders at 
middle-to-high tidal heights throughout the Gulf of 
Maine. Semibalanus was not included in our experi
ments since it has already been shown to benefit at 
high-tidal heights from high densities due to thermal 
buffering, but that high densities decreased individual 
survivorship at low-tidal heights due to competition 
for space (Bertness 1989). Thus, our experiment was 
designed as a community-wide test of the role of pos
itive interactions in dictating the high-intertidal limits 
of sessile spaceholders on southern New England 
shorelines. As study sites, we used Rhode Island shore
line habitats that are described in detail elsewhere. My
tilus and Geukensia experiments were performed at 
Portsmouth Narrows (Sanford et al. 1994) and Rum
stick Cove (Bertness 1992), respectively. Seaweed ex
periments were all performed at Sakonnet Point (Bert
ness et al. 1991).

To test the hypothesis that the high-intertidal borders 
of sessile high-intertidal species are set by positive 
interactions, but that their lower borders are influenced 
more by negative, competitive interactions, we per
formed the same basic experiment on all four species 
(Fig. 4). At both the high- and low-intertidal limits of 
each species’ distribution we marked and monitored 
the survivorship and growth of individuals in replicated 
control treatments (where individuals were left at nat
ural high densities) and thinned treatments (where in
dividuals were thinned to low densities). At both high- 
and low-tidal heights we also followed shaded control

and thinned replicates to experimentally reduce poten
tial thermal and desiccation stress and to mimic the 
habitat-ameliorating influence of aggregated organ
isms. For shades, we used a double layer of 5-mm 
plastic mesh (Vexar) suspended 20 cm over shaded 
replicates (see Bertness and Gaines 1993 for methods).

For both mussel species we used plastic flower pots 
(15 cm diameter) filled with ambient substrate and im
bedded flush into the surrounding substrate as replicate 
units (16 density X shade X tidal height replicates). 
At each tidal height and for each mussel species, shaded 
replicates were placed under two 2 X 2.5 m shades (8 
high-density and 8 low-density replicates). Unshaded 
replicates were similarly grouped in unshaded areas 
adjacent (2 m) to each shade. Four mussels were 
marked and placed in each pot. To minimize the influ
ence of mussel size variation on the results, a single 
size class of individuals was used for each mussel spe
cies. For Mytilus, 30-40 mm individuals were used and 
for Geukensia, 60-70 mm individuals were used. 
Marked individuals were measured (length) with cal
ipers, individually labeled with 2 mm diameter plastic 
tags, and then lip marked with acrylic paint to quantify 
shell growth (see Bertness and Grosholz 1985 for meth
ods). For high-density replicates, randomly selected 
high-density mussel clumps from the study site were 
placed in the pots and marked mussels were added in 
natural positions. For low-density replicates, only the 
four marked mussels were placed in the pots and al
lowed to attach. A 4 X 4 cm wire mesh cover was cable 
tied to the top of each replicate pot to limit the access 
of bird and crab predators to the marked individuals. 
The smaller mussels used in these experiments are 
known to be vulnerable to large mobile predators when
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not protected by neighbors in dense mussel beds (Bert
ness and Grosholz 1985, Okamura 1986, Stiven and 
Gardner 1992). Identical Mytilus and Geukensia ex
periments were set up in mid-May 1993, and monitored 
for dead mussels weekly for 13 wk. At the end of 
August, remaining mussels were scored as live or dead 
and remeasured to quantify growth.

In analogous seaweed experiments, we manipulated 
naturally occurring dense stands of Ascophyllum and 
Fucus. For each species, at the upper and lower tidal 
limits of their distributions, we randomly assigned five 
density X shade replicates. In low-density replicates, 
seaweeds were thinned by removing individuals at the 
holdfast to densities of 20-25 marked individuals/m2. 
In high-density replicates, 20-25 random individuals 
in a 1 m2 area were marked. Each shaded seaweed plot 
was individually shaded. For Fucus, we numbered the 
base of small, 4 -8  cm high sporlings (juveniles) with 
4-mm cloth markers (Brady wire markers) covered with 
superglue. Marked Fucus were initially measured in 
May 1993 and censused and remeasured every other 
week until September 1993. Ascophyllum replicates 
were set up identically, but instead of monitoring spor
lings (which were not available) we monitored growing 
tips on marked plants (Northeast Utilities Services 
Company 1994). Five growing tips were marked with 
2 mm diameter cable ties on each marked Ascophyllum 
plant in each replicate (20-25 individuals/replicate). 
Marked Ascophyllum in all replicates were monitored 
for growth and survival every other week from May 
to August 1993.

Growth and survival data from the four experiments 
were analyzed with a three-factor, nested analysis of 
variance. The data were transformed as necessary to 
meet assumptions of normality and homogeneity of 
variance. Treatments consisted of tidal height, density, 
and shading and were all considered fixed factors. In
dividual pots (Mytilus and Geukensia experiments) or 
individual plants (Ascophyllum and Fucus experi
ments) were nested within each tidal height X density 
X shade replicate. Survival was calculated as the per
centage alive (Mytilus and Geukensia experiments) or 
percentage still present (Ascophyllum  and Fucus ex
periments) at the end of the summer. Growth of the 
two mussel species was calculated as the absolute 
length of new shell added at the growing margin. 
Growth of Ascophyllum was calculated as the length 
of the growing tip at the end of the summer, while for 
Fucus it was calculated as percentage change in the 
length of the sporlings.

The results strongly suggest that group benefits are 
important determinants of the upper intertidal distri
bution of sessile rocky shoreline organisms in southern 
New England. Both mussel species showed a signifi
cant density X shading X tidal height interaction on 
survivorship, revealing that mussel density influenced 
survivorship differently across tidal heights and with

shading (Fig. 5, Table 1). At high-tidal heights, mussel 
survivorship for both species decreased dramatically 
when neighbors were removed, but this group benefit 
was not seen under shades or at lower tidal heights 
where physical stresses were reduced (Fig. 5).

Similar but less clear patterns were seen with sea
weed survivorship (Fig. 5, Table 1). Ascophyllum  den
sity influenced individual survivorship differently at 
high- and low-tidal heights (tidal height X density in
teraction), but this interaction was not affected by shad
ing. At high-tidal heights without shading, survivorship 
of solitary individuals was half that of individuals in 
groups, whereas solitary and crowded individuals had 
similar survivorship at low-tidal heights (Fig. 5). For 
Fucus, the results were less striking, possibly reflecting 
the fact that small Fucus sporlings are vulnerable to 
herbivory (Lubchenco 1978). Thinning Fucus strongly 
reduced individual survival in unshaded plots at both 
low- and high-tidal heights, but shading eliminated the 
survivorship advantages of dense stands (Fig. 5, Table 
1). Shading the Fucus plots at low-tidal heights was 
particularly detrimental to marked sporlings either be
cause of reduced light, increased herbivore pressure, 
or both. Thus, in terms of survivorship, positive group 
interactions play a prominent role in the persistence at 
high-tidal heights of at least three of the four species 
tested.

In terms of growth, both mussel species and Asco
phyllum  showed strong density X shade X tidal height 
interactions (Fig. 6, Table 2). For each of these species, 
at the high end of their distributions, individuals grew 
more with neighbors than when neighbors were re
moved, but the positive effect of neighbors was elim
inated when physical stress was reduced either by shad
ing or at low-tidal heights. Neighbors significantly de
pressed individual growth in both mussel species at 
low-tidal heights. This was the only strong competitive 
effect seen in our density manipulations (Fig. 6).

Of the four species examined, Fucus was the only 
one that did not show strong positive density-dependent 
growth at high-tidal heights (Fig. 6). With the exception 
of shading, which strongly reduced its growth, Fucus 
growth was not affected by any of the experimental 
treatments, suggesting that its growth may be influ
enced by other variables. Fucus appeared to be the only 
species tested that was influenced by consumers. No 
evidence of predation was observed on the mussels, 
which were protected from large predators, and large 
Ascophyllum individuals are thought to be too large to 
be eaten by most intertidal herbivores (Steneck and 
Watling 1982). Fucus sporlings are known to be vul
nerable to grazing snails (Lubchenco 1978, 1980, 
1983), and increased periwinkle (.Littorina littorea) 
densities under the shades and in dense Fucus stands 
may have acted to eliminate any potential group ben
efits in these experiments.

Together, our results suggest that the upper intertidal
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Fig. 5. Results of the density manipulation experiments on the survivorship of: (A) Mytilus edulis (n = 10 density X 
shade treatments), (B) Geukensia demissa (n = 10 density X shade treatments), (C) Ascophyllum nodosum (n = 3 density 
X shade treatments), and (D) Fucus distichus (n = 3 density X shade treatments). Each bar represents mean values ±1 s e .  
See Table 1 for statistics summary.

limits of the dominant sessile spaceholders on southern 
New England rocky shores are strongly influenced by 
positive interactions or group benefits and that without 
habitat-ameliorating feedbacks the dominant high-in- 
tertidal sessile organisms in these habitats could not 
survive at the high elevations that they are typically 
found. Moreover, while our experiments were designed 
to detect both competitive and positive interactions, 
group benefits were a more common consequence of 
crowding at high-tidal heights than negative competi
tive effects were at lower tidal heights (Figs. 5 and 6). 
Finally, while all of these examples of group benefits

T a b l e  1. Summary of ANOVA results on the survivorship 
of individuals (per replicate, see Fig. 3) in the density ma
nipulations by species. Table entries are P  values. All treat
ment and interaction df = 1.

Treatment Mytilus
Geuk
ensia

Asco
phyllum Fucus

Tidal height (HT) 0.0001 0.018 0.481 0.906
Density (D) 0.003 0.044 0.048 0.007
Shade treatment (S) 0.002 0.004 0.150 0.720
HT X D 0.0002 0.0001 0.008 0.177
HT X S 0.0001 0.0001 0.655 0.003
D X S 0.002 0.0001 0.328 0.024
HT X D X S 0.044 0.0001 0.237 0.192
Error df 71 72 16 16

at high-tidal heights are intraspecific examples, since 
the interactions all appear to be mediated by simple 
shading and buffering from heat and desiccation stress, 
there is no reason to suspect that interspecific positive 
group benefits among high intertidal species are not 
just as common.

A r e  P o s i t i v e  I n t e r a c t i o n s  M o r e  C o m m o n l y  

I m p o r t a n t  i n  I n t e r t i d a l  S y s t e m s  T h a n  i n  

O t h e r  S y s t e m s ?

Positive interactions driven by the amelioration of 
potentially limiting harsh physical conditions appear 
to be common in intertidal assemblages. This is likely 
because intertidal habitats are physically rigorous hab
itats and the major spaceholding organisms in many 
intertidal habitats are capable of ameliorating poten
tially limiting stresses. A nonexhaustive list of habitat- 
ameliorating positive associations in intertidal systems 
(Table 3) suggests that these sorts of interactions are 
a pervasive force in intertidal communities.

Are intertidal systems unusual in the role played by 
positive forces? Probably not. Positive neighbor inter
actions among vascular plants have long been known 
to be characteristic of physically harsh environments 
such as deserts. Recent reviews by Callaway (1995) 
and Goldberg and Barton (1992) have pointed to a
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strong relationship between physically stressful envi
ronments and the importance of positive plant asso
ciations as community-level processes.

Compact physical gradients and the small spatial 
scale at which shoreline organisms strongly modify 
their environment simply appear to make intertidal sys
tems particularly amenable to elucidating the role of 
positive interactions in communities. Gradients in 
physical factors that affect terrestrial plant communi
ties most conspicuously operate at latitudinal and al- 
titudinal spatial scales so that changes in physical con-

Ta b l e  2. Summary of ANOVA results on the growth of 
individuals (see Fig. 4) in the density manipulation by spe
cies. Table entries are P values. All treatment and inter
action df = 1.

Treatment Mytilus
Geuk
ensia

Asco
phyllum Fucus

Tidal height (HT) 0.0001 0.0001 0.0001 0.125
Density 0.142 0.002 0.002 0.645
Shade treatment (S) 0.0002 0.327 0.407 0.050
HT X D 0.0001 0.0001 0.003 0.680
HT X S 0.153 0.243 0.0007 0.946
D X S 0.020 0.225 0.0012 0.447
HT X D X S 0.017 0.089 0.0001 0.819
Error df 279 66 18 15

ditions that can influence species interactions probably 
are best measured in kilometers to hundreds of kilo
meters rather than meters or less in intertidal habitats. 
Because of this large difference in scale, effects of 
changing physical conditions and particularly the caus
al relationship between physical stress and group ben
efits is likely more clear in intertidal habitats. More
over, the spatial scale at which organisms ameliorate 
harsh physical conditions in intertidal habitats appears 
to be small in comparison to similar effects in terrestrial 
habitats. In rocky beach and salt marsh habitats, for 
example, dominant spaceholders buffer potentially lim
iting physical factors at spatial scales often less than 
a meter (Bertness 1989, Bertness et al. 1991, Bertness 
and Hacker 1994). In contrast, in most terrestrial vas
cular plant and freshwater communities, habitat-ame
liorating positive feedbacks typically appear to occur 
on much larger spatial scales that are difficult to work 
with and experimentally manipulate (Wood and Del 
Moral 1987, Wilson and Agnew 1992, Jones et al.
1994). Forest canopies, for example, clearly play a 
large role in affecting understory microhabitats, but 
experimentally examining these effects is typically not 
practical. There is no reason to believe, however, that 
positive feedbacks from forest canopies are not as pow-
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Ta b l e  3. Stress alleviation by neighbors in shallow-water shoreline habitats.

1985

Habitat Stress Mechanism Reference

Salt marshes

Mangroves

Soft bottoms

Rocky shores

low soil oxygen potentially 
limits plant growth

high soil salinity potentially 
limits plant growth

low soil nutrients limit plant 
growth

low soil oxygen potentially 
limits plant growth

low nutrient levels limit plant 
growth

substrate instability limits in- 
faunal populations 

low nutrient levels limit sea- 
grass colonization

low nutrient levels limit de
posit feeder growth 

heat and desiccation poten
tially limit sessile inverte
brates and/or seaweed 
growth 

wave stress potentially dis
lodges sessile invertebrates

dense stands of plants oxy
genate soil

fiddler crabs oxygenate soil 
plant cover shades soil, pre

venting soil salt accumula
tions

mussel filter feeding and fe
ces deposition increase soil 
nutrients 

mangroves oxygenate soil

fiddler crabs oxygenate man
grove soil 

epiphytic sponges provide ni
trogen to plants 

seagrasses bind substrate, 
limiting disturbance 

initial seagrass colonizers add 
organic material to sub
strate

mussels attached to seagrass 
enhance production 

deposit feeding enhances 
food supply 

dense assemblages buffer 
group members from stress

dense groups buffer members 
from wave stress

Howes et al. 1981, Shat 
1984, Hacker and Bertness 
1995

Bertness et al. 1992, Bertness 
and Shumway 1993

Bertness 1984

McKee et al. 1988 

Smith et al. 1991 

Ellison et al. 1996 

Orth 1977 

Williams 1980

Valentine and Heck 1993

Levinton and Lopez 1977

Hay 1981, Lively and Ra- 
moindi 1987, Bertness 
1989, Stephens and Bert
ness 1991 

Holbrook et al. 1991, Denny 
et al. 1985

erful a force at large spatial scales in forests as they 
appear to be at smaller spatial scales in intertidal com
munities.

T h e  B i o g e o g r a p h y  o f  P o s i t i v e  I n t e r a c t i o n s  i n  
S h o r e l i n e  C o m m u n i t i e s

A largely unappreciated aspect of the role played by 
positive interactions in shoreline communities is the 
potential importance of biogeography. Just as we have 
argued that positive forces due to habitat amelioration 
are important in many physically stressful areas of in
tertidal habitats, the relative importance of positive 
forces in intertidal communities may also be spatially 
predictable at larger, biogeographic spatial scales. In 
particular, for intertidal communities where neighbor
hood buffering from heat and desiccation stresses com
monly lead to positive associations among sessile or
ganisms, the importance of these types of positive as
sociations may increase with decreasing latitude and 
increasing solar radiation.

Biogeographic biases, in fact, may have played a role 
in preventing marine ecologists from appreciating the 
role of habitat amelioration in structuring high-inter- 
tidal communities. Most early experimental work in 
rocky intertidal communities was done in temperate 
zone habitats with cool summers, e.g., the north Pacific 
coast of North America (Paine 1966, 1974, Connell 
1970, Dayton 1971) Northern New England (e.g., Men

ge 1976, Lubchenco 1978), and Northern Europe (e.g., 
Connell 1961, Kitching and Ebling 1961). All these 
studies were done at latitudes with mild climates and 
minimal high-temperature stresses. In contrast, studies 
from southern New England have found thermal stress 
to be of increased importance to intertidal organisms 
(Wethey 1984, Etter 1988) and positive interactions 
driven by thermal buffering by neighbors to be com
mon (Bertness 1989, Stephens and Bertness 1991). 
Similarly, on the Pacific coast of North America, group 
benefits have not been emphasized by studies on the 
Oregon and Washington coasts (Dayton 1971, Paine 
1974, Menge et al. 1994) but at lower latitudes in the 
Gulf of California, positive interactions due to thermal 
buffering appear to be common (Lively and Raimondi 
1987). We suggest that a biogeographic bias has led to 
a paradigm of the forces generating pattern in rocky 
shore communities that has underestimated the impor
tance of positive interactions in these communities.

Climate-driven physical forces may also lead to 
strong latitudinal gradients in the importance of posi
tive forces in marsh plant communities. As already 
discussed, positive feedback between plants and soil 
salinity leads to strong positive associations among 
plant neighbors in southern New England marshes (Fig. 
3), which in turn affects mechanisms of secondary suc
cession, seedling establishment, and the distributions 
of adult plants. Because these positive associations are
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directly dependent on solar radiation, their importance 
in marsh communities is likely a function of climate 
and latitude. In northern New England, for example, 
where soils are not exposed to extended periods of high 
heat and solar radiation, positive associations from soil 
shading would not be expected to occur. Conversely, 
in the southern marshes of the Carolinas and Georgia 
intense nearly year-round heat and solar radiation typ
ically lead to persistent salt pans in the high intertidal. 
In these marshes, positive feedbacks between plants 
and soil salinity may be essential for plant persistence. 
Latitudinal gradients in feedbacks between physical 
stresses and sessile organisms may be common in many 
other systems.

Do E c o l o g i s t s  N e e d  t o  U n d e r s t a n d  t h e  R o l e  

o f  P o s i t i v e  A s s o c i a t i o n s  i n  C o m m u n i t i e s ?

We have argued that positive interactions play a ma
jor, but largely unappreciated role in shoreline com
munities and that they are predictable under physically 
stressful conditions across spatial scales ranging from 
tidal to latitudinal gradients. We have also suggested 
that positive forces are probably just as important in 
terrestrial communities as recently suggested by Wil
son and Agnew (1992), Jones et al. (1994, 1997) and 
Callaway and Walker (1997), but that they typically 
occur at large spatial scales that are difficult to work 
with and are therefore easily ignored. How important 
is it for ecologists to come to terms with the role played 
by positive interactions in communities? We suggest 
that understanding the role of positive forces in com
munities may be critical to resolving a number of per
vasive problems in ecology.

Understanding the role of positive feedbacks in nat
ural communities could elucidate linkages between 
ecosystem and community-level processes. Tradition
ally, ecosystem ecologists have been concerned with 
larger scale processes of energy and nutrient flow 
through ecosystems and have always considered feed
backs to be important for ecosystem function and sta
bility (e.g., Patten and Odum 1981). Community ecol
ogists, in contrast, have traditionally been concerned 
with pattern generation and species interactions in nat
ural assemblages. These different, but equally valuable 
perspectives have led to vastly different approaches to 
ecological questions and virtually different fields of 
study. Recognizing the interplay between species in
teractions in communities and large-scale positive 
feedbacks in energy, nutrients, and/or potentially lim
iting physical conditions could help unify ecosystem- 
and community-level approaches to natural systems 
(see Jones et al. 1994, 1997 and Lawton 1995 for fur
ther discussion of this argument).

Understanding the role of positive feedbacks in com
munities may also be necessary for ecologists to suc
cessfully deal with landscape ecology issues. As nu
merous authors have pointed out (e.g., Wilson and Ag

new 1992, Jones et al. 1994) positive feedbacks that 
operate by habitat amelioration of physical stresses or 
nutrient regeneration typically occur at larger spatial 
scales than usually addressed by community ecologists. 
Since landscape ecology typically tackles large-scale 
community problems, ecologists may need to incor
porate positive feedbacks into their thinking before 
landscape ecology issues can be solved.

An understanding of the role of positive interactions 
in communities may also be necessary to predict com
munity responses to global climate change. As already 
discussed, climate variation may often lead to latitu
dinal variation in the intensity and relative importance 
of positive feedbacks in communities. Consequently, 
predicting climate change effects simply based on cur
rent community process and pattern may fail to con
sider potentially dramatic shifts in the importance of 
positive feedbacks in systems with changing climate. 
For example, global warming and increased solar ra
diation levels could lead to positive feedbacks playing 
a more important role in intertidal communities than 
is now the case.

Finally, consideration of the role played by positive 
interactions in communities could contribute to under
standing biodiversity and community stability issues. 
While ecologists have long been suspicious of con
nections among positive interactions, species diversity, 
and system stability (May 1973), recent field and mi
crocosm experiments (Frank and McNaughton 1991, 
Lawton 1994, Tilman and Downing 1994, Hacker and 
Bertness 1996) and modeling efforts (DeAngelis et al. 
1986, Dobbs 1988, Wilson and Nisbet 1997) have re
newed interest in the potential role played by positive 
interactions in maintaining community diversity and 
stability. In particular, positive feedbacks among pri
mary spaceholders that provide habitats for other or
ganisms through bioengineering and/or enhancing pri
mary productivity, may, in general, be a potent, but 
largely underappreciated force in generating and main
taining local species diversity (see Lawton 1994, Hack
er and Bertness 1996, and Hacker and Gaines 1997 for 
further discussion).

We suggest that it is time for ecologists to re-evaluate 
the general role of positive interactions in natural com
munities. It is only by understanding their cause and 
effects that we can hope to better understand how nat
ural systems are structured.
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