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Are regional effects on local diversity more important in marine 
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In a thought provoking article, Cornell and Harrison 
(2012) explore the reasons for different perspectives on the  
importance of the regional species pool in governing local 
species diversity on land vs the sea. I begin my commen-
tary by underscoring the importance of regional processes 
in shaping local diversity then react to their explanations 
for the different system-based perspectives and conclude  
by proposing an experimental design to test for differences  
in regional enrichment of local species richness between 
marine and terrestrial systems.

That the number of species in a particular local  
community is at some level influenced by the diversity of 
species in the broader region is unarguable. For example, 
a cleared local patch of forest in the Amazon will contain  
more tree species after a period of community assembly  
than one of the same size in New England. This is partly 
due to the higher diversity of tree species outside the local 
patch (i.e. the regional species pool) in the Amazon avail-
able to colonize the patch. A vexing question at the heart 
of community ecology (Terborgh and Faaborg 1980,  
Cornell 1985, Ricklefs 1987, Cornell and Lawton 1992,  
Huston 1999) is, how important are regional processes  
‘relative’ to local ones such as competition, predation, dis-
turbance, facilitation, productivity, habitat complexity,  
local propagule supply and environmental factors that may 
ultimately increase, decrease, or impact local diversity in  
non-linear ways? A version of this question was originally 
formalized in an elegantly simple graphical model (Cornell 
1985) known as local-regional richness (LSR–RSR) plots 
predicting that a linear relation between regional and local 
diversity indicates an unsaturated community where the 
regional species pool has an effect on local diversity corre-
sponding to the magnitude of the correlation or the fit and 
slope of a regression line. In contrast, a curvilinear relation 
where local diversity leveled off with further increases in 
regional pool richness indicated that competitive species 
interactions were limiting local species richness, representing 
a saturated community. However elegant and heuristic, this 
interpretation turned out to be overly simplistic (Srivastava 
1999, Huston 1999) as other factors besides local compe-
tition and regional pool size (e.g. disturbance, dispersal;  
Caswell and Cohen 1993, Shurin 2000, Mouquet and  

Loreau 2003, Shurin and Srivastava 2005) can affect LSR– 
RSR relationships which are also sensitive to temporal  
variation, potentially switching from linear to curvilinear 
functions during community assembly (Mouquet et al. 
2003, Belote et al. 2009).

Nonetheless, it is a legitimate and important effort,  
perhaps more so now than before (Lawton 2000) in this  
era of rapid global change to investigate the interplay of 
regional and local drivers of local diversity. Fruitful new  
avenues involve 1) an experimental macroecological  
approach (Witman and Roy 2009) where experiments 
manipulating local drivers of diversity across regional  
diversity gradients are combined with LSR–RSR analyses 
(Harrison and Cornell 2008, Canning-Clode et al. 2009, 
2010, Belote et al. 2009, Freestone and Osman 2011)  
2) analyzing multiple diversity structuring factors along  
with regional pool richness using multiple regression or 
structural equation modeling (Harrison and Cornell 2008) 
3) investigating mechanisms linking the regional pool  
to local communities, such as propagule dispersal (Palmer 
et al. 1996, Shurin 2000, Merritt et al. 2010, Palardy  
and Witman 2011) and 4) studying the role of temporal 
variation (Fig. 1, Cornell and Harrison 2012, Belote et al. 
2009, Canning-Clode et al. 2010) in determining the nature 
of LSR–RSR relations.

Cornell and Harrison (2012) suggest that the influence  
of the regional pool on local diversity is far better docu-
mented in the marine than terrestrial literature, providing 
three potential explanations.

Explanations 1 and 2 are related, that an emphasis  
on regional dispersal began earlier in marine communities 
1) and that regional scale processes are actually more impor-
tant in marine than terrestrial communities 2). The type 
of regional dispersal the authors are referring to is appar-
ently the dispersal of reproductive propagules (i.e. Fig. 2,  
Cornell and Harrison 2012) such as fertilized embryos, 
larvae, asexual buds, spores and seeds. This is just one type  
of dispersal influencing LSR–RSR relations, which includes 
the migration of adults and juveniles as well as propagule 
dispersal (Holyoak et al. 2005). The distinction is important 
to the comparison of marine – terrestrial regional influences 
because some terrestrial LSR–RSR relationships are based 
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Figure 1. Diagram of an experimental design to test for differences in the extent of regional enrichment of local species richness between 
marine and terrestrial systems. The manipulation could be performed in a kelp forest underwater in a temperate forest on land by clearing 
four large plots of all vegetation and sessile fauna (at center of Fig. 1A) and monitoring the local species richness of the assembling com-
munity in the plots over time (Fig. 2). There would be an equal number of non-cleared control plots adjacent to the cleared ones (not 
shown). In this ‘bull’s-eye’ colonization design, the cleared plots and controls are embedded in a regional species pool represented by the 
dashed circles. The number of species present in the surrounding region (pool) would be assessed at small, intermediate and large distances 
with regional pool habitat areas corresponding to the area of the inner circle defined by R1 and the area of the concentric rings R2–R3 in 
Fig. 1A. By replicating the bulls eye colonization experiments in multiple biogeographic regions, a wide range of regional richness would 
be sampled and included in LSR–RSR analyses, Fig. 1B. The experiments assume that propagule dispersal of sessile organisms (plants, 
benthic invertebrates) is the mechanism linking the regional pool to the local community. The design factors in the effect of dispersal dis-
tance from the regional pool, variation in regional pool richness and assembly time. The experiment could be designed so that the areas of 
the regional pools (concentric rings, inner area) are equivalent by using the equation below to solve for the radius r, representing the 
distance from the center of the ‘bull’s-eye’ to the perimeter of each ring: r  Ax/π,  where A  area of the inner circle (e.g. contained in 
R1 of Fig. 1A) and x  number of rings plus the inner circle.

Figure 2. Two regional – local species richness plots that could 
result from the experimental manipulation depicted in Fig. 1, 
showing hypothetical effects of the duration of community assem-
bly (early, late) on LSR–RSR relationships in marine and terrestrial 
systems. Results are shown only for the smallest distance class of 
regional pools, R1 (as in Fig. 1A). Analyses of regional (x) vs local 
(y) species richness would be analyzed separately by distance class 
(as shown here) because the regional pools defined by the distance 
classes are not independent. The LSR–RSR relationship may be lin-
ear and unsaturated early in community assembly (Fig. 2A) as the 
plots are colonized by propagules from the regional pool, becoming 
non-linear later on (Fig. 2B) as the community saturates and  
species inter actions limit local richness (Mouquet et al. 2003, 
Belote et al. 2009). The lines and curves plotted to show a result 
consistent with Cornell and Harrison’s (2012) hypothesis that  
the regional species pool has a greater influence on local species 
richness in marine than in terrestrial communities.

on mobile fauna such as birds (Terborgh and Faaborg 1980, 
Ricklefs 1987, Gaston and Blackburn 2000), and insects 
(Srivastava 2005, Fig. 3, Cornell and Harrison 2012) that 
can migrate from the region to local habitats.

The current emphasis on propagule dispersal in marine 
and terrestrial community ecology can be traced, at a  
minimum, back to early twentieth century investigations in 
fisheries biology of the role of oceanographic variability in 
fish recruitment (Hjort 1926) and to observations of seed 
dispersal in agricultural science (Clements 1916, Ridley 
1930). Perhaps historians of science can weigh in on this 
issue as I find it difficult, as the authors do, to argue for  
the first explanation that terrestrial ecologists had their  
eyes fixed on local assemblages while marine ecologists 
were casting a broader gaze on regional propagule disper-
sal. The fisheries biologists’ emphasis on the role of recruit-
ment (Ricker 1954) in population regulation was largely  
unappreciated in marine ecology until key experiments 
began ‘supply sided ecology’ in the early 1980s (Paine and 
Levin 1981, Underwood and Denley 1984, Gaines and 
Roughgarden 1985). By the 1977 publication of Harper’s  
book on the ‘Population biology of plants’, studying spa-
tial variation in seed dispersal was a mainstream compo-
nent of plant ecology. Considering the dispersal of adults 
rather than propagule dispersal as the regional – local  
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link blurs any marine-terrestrial differences in the chro-
nology of emphasis on regional dispersal, as the regional– 
continental scale migration of fish, insects and mammals 
has fascinated scientists since the inception of ecology.

Part of the difficulty in evaluating explanation 2 (regional 
scale processes more important in marine communities) is 
that the definition of what constitutes a regional scale is 
fairly arbitrary (Srivastava 1999). What matters for LSR– 
RSR theory is that the physical scale of the region cor-
responds to the spatial scale of the regional source pool  
of potential colonists. A region can be anywhere between 
2.0 and 2000 km distance of an intermediate spatial  
scale referred to as the mesoscale (Orlanski 1975). A region 
has been defined as ‘a large area of habitat containing  
multiple localities and capable of supporting a metacom-
munity’ – corresponding to the mesoscale of Holt (1993)  
in Holyoak et al. (2005) and also as an area  200 and 
 2000 km by Mittelbach et al. (2001). Some investigators 
consider substantially smaller regions, such as an individual 
fish (Aho and Bush 1993).

Although challenged by recent research (Puebla 
et al. 2009, Pinsky et al. 2010), a body of work suggests  
that the spatial scale of propagule dispersal in terrestrial 
plants (Harper 1977, Nathan 2006) is less than that of 
marine organisms (Richmond 1989, Kinlan and Gaines 
2003, Reed et al. 2006) and is not typically at the mesoscale 
of a region. Long distance passive dispersal in plants is on 
the order of a few km for wind-dispersed conifer pollen 
(O’Connell et al. 2007) while 50 m is an average dispersal 
distance for tree propagules (Nathan 2006). Longer dis-
tance seed dispersal is achieved by animal vectors (Howe  
and Smallwood 1982) and extreme events (Nathan 2006), 
but even at these distances seed dispersal may only over-
lap the lower threshold of the regional scale of dispersal 
in marine propagules, which may occur over tens to hun-
dreds of kilometers (Richmond 1989, Kinlan and Gaines 
2003, Shanks et al. 2003). Genetic approaches of mea-
suring dispersal suggest that that the simulations used in  
Kinlan and Gaines (2003) overestimated the dispersal  
distance of coral reef fish larvae by an order of magnitude 
(Puebla et al. 2009). I generally agree however, with the 
authors that propagule dispersal on regional spatial scales 
is more common in marine than terrestrial communities  
(Carr et al. 2003), and may be a factor contributing to a 
greater recognition of regional effects in marine communi-
ties but clearly, more research using genetic and empirical 
methods is needed to refine estimates of actual dispersal  
distances. An experimental study of the effects of wind 
vs water dispersed propagules (seeds) on the diversity 
of riparian plant communities showed that treatments 
receiving only water dispersed seeds attained higher local  
species richness than those receiving wind dispersed seeds 
during early succession (Merritt et al. 2010) lending  
support to speculation that regional propagule dispersal 
may play a greater role in shaping local richness in aquatic 
and marine systems in general, than in terrestrial systems. 
Three mechanisms of long distance dispersal of plants and 
invertebrates warranting further consideration in LSR– 
RSR relations are 1) passive rafting (Thiel and Haye 2006,  
Winston 2012), ‘hitchhiking’ on or in vertebrates such as 
sea turtles, dolphins and birds (Spivey 1980, Harding et al. 

2011, Gillespie et al. 2012) and 3) human transport of  
species, a major focus of invasion biology (Hulme 2009).

The last explanation offered for the perception that 
regional processes are more established in marine than in 
terrestrial community ecology is that recruitment from the 
regional pool is easier to study in marine vs terrestrial sys-
tems. This explanation is apparently conditional on the 2nd 
one; that is, if regional propagule dispersal (and ensuing  
recruitment) were more common in marine vs terrestrial  
systems, wouldn’t it be more easily studied in marine com-
munities? It may be that densely vegetated habitats on land 
such as forests provide more of an obstacle by serving as  
barriers to dispersal (Fig. 2, Cornell and Harrison 2012) or 
the permeability (Witman et al. 2004a) of propagule rain 
from the regional pool than in the ocean. A glance at the  
vast ocean gives the impression of an open system, yet the 
idea that barriers to dispersal are more common in marine vs 
terrestrial environments warrants closer examination as there 
is more habitat structure in deep benthic habitats (Levin and 
Dayton 2009) than meets the eye. Dawson and Hamner 
(2008) argue that an appropriate framework for marine-
terrestrial comparisons should be based on similar physi-
cal environments, which are marine pelagic and aerial over  
land, and marine benthic and the surface of the land.

Can the main hypothesis of Cornell and Harrison’s 
(2012) paper, that the regional species pool has a greater 
influence in marine than terrestrial communities be tested 
in the field by experimental manipulation? I think so. One 
potential approach that factors in the effects of the scale of 
propagule dispersal, the duration of community assembly 
(Jacquemyn et al. 2001, Belote et al. 2009) and variation 
in regional pool richness is proposed in Fig. 1 as a starting 
point. The manipulation involves clearing large ( 10 m2) 
replicate plots underwater in kelp forests and simultane-
ously in temperate forests on land. The experimental unit  
is a cleared plot, shown in Fig. 1A as four replicate small 
circles at the center of the ‘bull’s-eye’. An equal number  
of replicate control plots containing undisturbed veg-
etation would be randomly located near the cleared plots  
(not shown in diagram). In this bull’s-eye colonization 
design, the cleared plots and controls are embedded in a 
regional species pool represented by the dashed circles. The 
number of species present in the surrounding region (pool) 
would be assessed at small, intermediate and large dis-
tances (concentric rings R1–R3 in Fig. 1A) from the cleared  
and control plots, while local species richness would be 
determined as the number of species colonizing the clear-
ings. Because the small, intermediate and large distance 
classes of regional pools are not independent, regional (x) 
vs local (y) species richness would be analyzed separately  
for each distance class. For example, Fig. 2 shows a  
hypothetical LSR–RSR plot for the regional pool (R1 of 
Fig. 1A) closest to the cleared and control plots. A wide 
range of variation in the species richness of the regional 
pool (x-variable of LSR–RSR plots) would be sampled by 
replicating the bull’s-eye colonization experiments in sev-
eral biogeographic regions (Fig. 1). The effect of assembly 
time on the degree of regional enrichment and the form 
of the LSR–RSR functions would be determined by sam-
pling the plots and regions early (months) and late (years) 
in succession. Temporal comparisons may indicate a linear 
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LSR–RSR relation in the early phase of community assem-
bly but a non-linear one suggesting saturation later on  
(Fig. 2A–B). The null hypothesis of no difference in regional 
pool influences on local species richness between marine 
and terrestrial communities would be rejected if statistical  
metrics (slopes of the regression lines for linear fits, asymp-
totes of curvilinear functions, etc.) were significantly dif-
ferent. Differences in the regression coefficients of linear or 
non-linear LSR–RSR fits between the marine–terrestrial 
data would also indicate fundamental departures in the 
way that the regional species pool enriches local species 
richness in the two systems provided that the methodologi-
cal problems potentially confounding LSR–RSR analyses  
are addressed (Srivastava 1999, Huston 1999, Witman  
et al. 2004b, Shurin and Srivastava 2005).

Is this experiment tractable? That depends on the  
amount of innovative thinking put into it to overcome the 
inherent difficulties of performing a logistically challenging, 
large-scale experiment in two systems where the coloniz-
ing species have radically different life histories, additional  
mechanisms of occupying space in the plots besides 
propagule dispersal (asexual re-growth, activation of seed 
banks in soil etc.) and where the source of the propagules 
colonizing the local plots is difficult to identify. Solutions 
to these challenges are available and include photographic 
monitoring of the plots to distinguish individuals that  
have re-grown asexually from those colonizing as propa-
gules, using seed traps and recruitment substrates (Reed  
et al. 2006) to identify species colonizing as propagule rain 
and by using particle tracers (Levin et al. 1993) and genetic 
techniques (O’Connell et al. 2007, Puebla et al. 2009,  
Pinsky et al. 2010) to identify sources of propagules dis-
persing into the plots. Advances in metacommunity theory 
(Holyoak et al. 2005) and technology (e.g. remote sensing, 
high resolution GIS, acoustic methods of ocean current 
measurement, digital photography, molecular markers etc.) 
since regional diversity theory was developed in the 1980s 
have made it easier to test ecological theory at regional  
spatial scales. It is an exciting time to bring more experi-
ments to bear on the question of how regional and local 
processes determines the number of species present in the 
local habitats we love to study and need to preserve. 
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