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One of the most fundamental characteristics of any species is its geographic 
range—the collection of all locations where the species occurs. Although the 
study of geographic ranges has been a historically important component of 
the fi eld of biogeography, it has emerged in recent decades as it own disci-
pline—areography (Rapoport ). Geographic ranges vary dramatically in 
size, shape, and location. This variation has been obvious for centuries and 
has yielded important insight into a wide range of fundamental issues in 
ecology and evolution (Gaston ). There is no shortage of hypothesized 
explanations for areographic variation.

One factor that has garnered considerable attention as a potential driver 
of species’ ranges is dispersal. Darwin () wrote extensively on the poten-
tial infl uences of dispersal and barriers to dispersal on the extent of species’ 
distributions. He even performed experiments on the potential for seeds 
and dried materials from scores of species to disperse by fl oating in the sea. 
Moreover, his observations that the fauna of a given location cannot be en-
tirely explained by environmental conditions and that striking faunistic dif-
ferences exist between the New and Old World suggest an important role for 
dispersal shaping species’ distributions.

In considering the distribution of organic beings over the face of the globe, the 
fi rst great fact which strikes us is, that neither the similarity nor the dissimilar-
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ity of the inhabitants of various regions can be wholly accounted for by climatal 
and other physical conditions. Of late, almost every author who has studied the 
subject has come to this conclusion. The case of America alone would almost 
suffi  ce to prove its truth; for if we exclude the arctic and northern temperate 
parts, all authors agree that one of the most fundamental divisions in geograph-
ical distribution is that between the New and Old Worlds; yet if we travel over 
the vast American continent, from the central parts of the United States to its 
extreme southern point, we meet with the most diversifi ed conditions; humid 
districts, arid deserts, loft y mountains, grassy plains, forests, marshes, lakes, and 
great rivers, under almost every temperature. There is hardly a climate or condi-
tion in the Old World which cannot be paralleled in the New—at least as closely 
as the same species generally require. No doubt small areas can be pointed out 
in the Old World hotter than any in the New World; but these are not inhab-
ited by a fauna diff erent from that of the surrounding districts; for it is rare to 
fi nd a group of organisms confi ned to a small area, of which the conditions are 
peculiar in only a slight degree. Notwithstanding this general parallelism in the 
conditions of the Old and New Worlds, how widely diff erent are their living 
productions!

Similarly, by the early twentieth century, Grinnell () clearly recognized 
the role of rare dispersal events on species’ distributions.

These pioneers are of exceeding importance to the species in that they are con-
tinually being centrifuged off  on scouting expeditions (to mix the metaphor), to 
seek new country which may prove fi t for occupancy. The vast majority of such 
individuals,  out of every hundred perhaps, are foredoomed to early destruc-
tion without any opportunity of breeding. Some few individuals may get back 
to the metropolis of the species. In the relatively rare case two birds compris-
ing a pair, of greater hardihood, possibly, than the average, will fi nd themselves 
a little beyond the confi nes of the metropolis of the species, where they will rear 
a brood successfully and thus establish a new outpost. Or, having gone farther 
yet, such a pair may even stumble upon a combination of conditions in a new 
locality the same as in its parent metropolis, and there start a new detached 
colony of the species.

Despite centuries of interest, defi nitive connections between dispersal scale 
and many biogeographical patterns have remained speculative. One of the 
key problems has been the diffi  culty of studying dispersal. Unbiased quan-
titative estimates of dispersal distances are rare across the range of variation 
within and among species in most natural ecosystems. The ultimate goal is 
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to characterize the probability that individuals will disperse any given dis-
tance and see how this dispersal kernel varies among species, locations, and 
times. In practice, techniques for measuring dispersal distances generally 
off er a very narrow window on the full kernel. For example, mark recapture 
studies can defi nitively show that an individual moved between two loca-
tions, but they frequently underestimate the long- distance tails of disper-
sal distributions, since the likelihood of recapture declines with distance. 
Moreover, many species have dispersing life stages that are diffi  cult to tag at 
all. This is especially true in the sea, where most species have a microscopic 
planktonic life stage that can disperse on ocean currents for days to months, 
depending on the species.

However, while measuring dispersal in the ocean may be diffi  cult, dis-
persal data are particularly valuable for marine systems, where species show 
remarkable variation in both dispersal capability (Kinlan and Gaines ; 
Shanks, Grantham, and Carr ; Siegel et al. ; Kinlan, Gaines, and 
Lester ) and biogeographic patterns (Lester and Ruttenberg ; Les-
ter et al. ).

Fortunately, in the last few years, the window on dispersal in the sea 
has begun to open with advances in archival and broadcasting tags (Block 
et al. ; Block et al. ; Boustany et al. ; Block et al. ), syn-
theses of rates of spread of exotic species (Kinlan and Gaines ; Shanks, 
Grantham, and Carr ; Kinlan and Hastings ), syntheses of genetic 
estimates of average dispersal distance (Wares, Gaines, and Cunningham 
; Kinlan and Gaines ; Palumbi ; Kinlan, Gaines, and Lester 
), new tagging techniques to identify sites of natal origin (Levin et al. 
; Swearer et al. ; Thorrold et al. ; Thorrold et al. ; Palumbi 
et al. ; Zacherl et al. ; Jones, Planes, and Thorrold ), and new 
models of particle transport (Siegel et al. ; Cowen, Paris, and Srinivasan 
; Gaylord et al. ).

As a result of progress in quantifying dispersal in the sea, there has been a 
resurgence of interest in exploring the consequences of variation in dispersal 
distance on characteristics of marine species’ ranges. Here we examine recent 
advances in these connections for three characteristics of species ranges in 
the sea: (a) the size of geographic ranges, (b) the location of species borders, 
and (c) the distribution of individuals within a species’ range. We chose these 
three characteristics because they each highlight notable fi ndings. For the 
fi rst two, the emerging results diff er greatly from prior expectations. For the 
third, we are at the incipient stages of developing a strong mechanistic link 
between the marine biogeographic patterns and dispersal.

The issues we explore are not restricted in any way to marine systems. 
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Indeed, the connections between dispersal and these three macroecologi-
cal characteristics of species’ distributions are of broad ecological impor-
tance in all habitats (see general discussions in Gaston ). Marine spe-
cies, however, off er several advantages for characterizing both the patterns 
and the potential underlying mechanisms. First, a broad diversity of ma-
rine animals and plants have relatively sedentary adults and disperse only 
as larval propagules. The isolation of dispersal within this early life stage 
helps separate the roles of dispersal from migration and other more directed 
forms of adult movement. Second, the range of variation in propagule dis-
persal is enormous. Average dispersal distance varies by more than seven or-
ders of magnitude among species (Kinlan and Gaines ; Shanks, Gran-
tham, and Carr ; Kinlan, Gaines, and Lester ). Third, this broad 
range of dispersal distances occurs within many distantly related taxonomic 
groups, which aff ords better opportunities to separate the eff ects of dispersal 
from other phylogenetically confounded factors (Kinlan and Gaines ; 
Kinlan, Gaines, and Lester ). Finally, for shallow- water coastal species, 
ranges have a simplifi ed geometry. Since the depth component of the range 
is typically miniscule for such species relative to their latitudinal or longitu-
dinal extent, coastal species essentially have a one- dimensional range with 
only two boundaries. Compared to the two- dimensional boundary that cir-
cumscribes most terrestrial species’ ranges, this geometrical simplifi cation 
greatly facilitates the exploration of a wide range of macroecological issues 
(Sagarin, Gaines, and Gaylord ).

The Influence of Dispersal on Range Size

Geographic ranges vary dramatically in size. They can be as small as a single 
reef or bay and as large as all of the world’s oceans. The underlying causes of 
this variation are surely myriad and include both ecological and evolution-
ary factors. An organism’s ability to disperse is one of the more commonly 
cited causes of variation in range size (Hanski et al. ; Kunin and Gas-
ton ; Brown, Stevens, and Kaufman ; Gaston ). Examples of 
this claim abound for both marine (Shuto ; Hansen ; Hansen ; 
Jablonski ; Perron and Kohn ; Jablonski ; Scheltema ; Emlet 
; Bonhomme and Planes ; Victor and Wellington ; Bradbury 
and Snelgrove ) and terrestrial species (insects—Juliano ; Gutier-
rez and Menendez ; Dennis et al. ; birds—Duncan, Blackburn, and 
Veltman ; and plants—Edwards and Westoby ; Thompson, Gaston, 
and Band ; Clarke, Kerrigan, and Westphal ; Kessler ).

Although the specifi c rationale for a connection between dispersal scale 
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and range size is rarely stated explicitly, there are three broad classes of 
mechanistic hypotheses proposed to account for such a relationship (Lester 
et al. ):

• Site colonization hypotheses
• Speciation- rate hypotheses
• Selection hypotheses

Site Colonization: If you cannot get there, it will not be part of your range. 
This is the simple logic behind a set of hypotheses coupling range size to dis-
persal scale. For one, species with limited dispersal ability may have more 
geographically restricted ranges, simply because they fail to reach as many 
sites (Juliano ; Wellington and Victor ; Gutierrez and Menendez 
; Thompson, Hodgson, and Gaston ). This logic is at the heart of 
the earlier comments by Darwin and Grinnell. A second formulation of the 
site colonization hypothesis originates from the theory of metapopulation 
dynamics (Levins ; Hanski et al. ). If local populations at the pe-
riphery of the range occasionally go extinct, the species’ range diminishes in 
size until sites are recolonized. In such a dynamic setting, time to recoloniza-
tion plays a critical role, and species with limited dispersal may therefore oc-
cupy smaller geographic ranges, since sites will remain unoccupied for lon-
ger periods of time. A special case of the site colonization hypothesis follows 
from the concept of the “rescue eff ect” (Edwards and Westoby ; Dun-
can, Blackburn, and Veltman ), where fringe populations at the edge of 
the range are demographic sinks that would otherwise go extinct without 
regular immigration from populations elsewhere in the range (Brown and 
Kodrick- Brown ; Gotelli ). If such a rescue eff ect is operating, the 
degree of range expansion should scale with dispersal distance; short dis-
tance dispersers can only “rescue” nearby sink populations.

Speciation Rate: Species with limited dispersal may experience greater 
isolation and lower gene fl ow, and thus a greater potential for local adapta-
tion. Hence, restricted dispersal may enhance rates of speciation (Jackson 
; Shuto ; Scheltema ; Hansen ; Hansen ; Jablonski ; 
Palumbi ). A higher rate of speciation at the margin of a species’ range 
can decrease average range size by two mechanisms: (a) speciation cleaves 
off  a piece of the historical range, and the new species may restrict expansion 
of the parental species, and (b) new species may have had insuffi  cient time 
to expand their ranges (Hansen ; Oakwood et al. ). Thus, higher 
speciation rates could yield a distribution of range sizes that is skewed to 
smaller sizes.
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Selection: In addition to the potential for dispersal infl uencing range size, 
range size could determine dispersal distance. If there is a cost, or at least 
no benefi t, to long- distance dispersal when range size is small, species with 
small geographic ranges might experience selection for restricted dispersal 
(Gutierrez and Menendez ; Thompson, Gaston, and Band ). The 
hypothesis relies on an assumption that more geographically restricted spe-
cies have a narrower range of tolerances, are more ecologically specialized, 
or occupy a restricted, isolated or infrequently disturbed habitat type, so that 
the costs of broad dispersal exceed any potential benefi ts. This may be true 
when the range size of a species is close to its average dispersal distance, as 
for small- island endemics; in this case, the costs of broad dispersal are ex-
treme (Baskett, Weitz, and Levin ).

Many studies claim or assume a correlation between dispersal distance 
and range size based on these types of arguments. One would think that 
the presumed association between dispersal and range size would have been 
well tested and that these hypotheses would have been critically evaluated. 
However, this has not been the case, in part because the relationship has 
been diffi  cult to test in any quantitative way. Since estimates of average dis-
persal distances are rarely available, dispersal ability has generally been clas-
sifi ed by a proxy: for example, reproductive strategy (Kessler ) or seed 
size (Aizen and Patterson ; Oakwood et al. ; Edwards and Westoby 
) in plants, developmental mode (planktonic versus nonplanktonic lar-
vae) in marine gastropods (Hansen ; Perron and Kohn ; Scheltema 
), and fl ight ability (fl ightless versus fl ight- capable) in insects (Juliano 
; Gutierrez and Menendez ). Proxies, however, have inherent prob-
lems if they mistakenly characterize dispersal potential (e.g., because other 
independent traits also aff ect dispersal distances—Kinlan and Gaines ; 
Kinlan, Gaines, and Lester ). In addition, since they typically include 
a very small number of classes of species, it is impossible to characterize 
the functional relationship between dispersal and range size, even when the 
qualitative groups diff er signifi cantly (Lester and Ruttenberg ).

Recent advances in techniques for estimating dispersal in the sea have 
provided rapidly expanding quantitative data sets of the distribution of dis-
persal distances of marine species, which can be used to explore how range 
size scales with dispersal distance. To illustrate the new insight garnered by 
having more direct estimates of dispersal distances, consider a compari-
son among a taxonomically and geographically diverse group of more than 
thirty species of marine invertebrates, using a common proxy for disper-
sal distance—mode of larval development (Hansen ; Perron and Kohn 
; Scheltema ). As has been found in other studies examining vari-
ous marine invertebrate taxonomic groups, range size (here defi ned as the 



DISPERSAL AND GEOGRAPHIC RANGES IN THE SEA 233

maximum linear distance within the range, in km; see Lester et al.  for a 
description of data set and more detailed methods) is larger for species with 
planktotrophic (feeding planktonic larvae) larval development (fi g. .). 
Given that species with this mode of development spend longer periods, on 
average, drift ing in the plankton compared to nonfeeding larvae or to spe-
cies with direct development (no planktonic phase), they presumably also 
have larger average dispersal distances (but see Shanks and Eckert  for 
a range of ways that larval behavior might diminish these diff erences). As a 
result, dispersal is commonly cited as an important component of the varia-
tion in range size found across taxa with diff erent modes of development.

These thirty- fi ve species, however, provide an opportunity to probe this 
issue further, since we have estimates of their average dispersal distance 
from genetic isolation by distance slopes (fi g. ., Kinlan and Gaines ; 
Palumbi ). When the same range size data are plotted against quan-
titative rather than categorical estimates of dispersal scale, we see a very 
diff erent pattern (fi g. .). Although the mean range size for species with 
feeding planktonic larvae is larger than for species with the other two devel-
opment modes, dispersal distance seems to play little role in generating this 
pattern. All three groups have substantial variation in dispersal distance, but 

Figure 9.1 Average range size (measured here as maximum linear distance within the range, 
in km) for marine invertebrate taxa classifi ed by a commonly used proxy for disperal—mode 
of larval development. Direct developers have no planktonic dispersal, since young develop 
at their natal site. Time in the plankton is on average much larger for species with feeding lar-
vae than for species with nonfeeding larvae. This data set includes a diverse set of invertebrate 
species, representing fi ve phyla from around the world. See Lester et al. () for more de-
tails on this data set and a complete description of how range size was calculated.
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there is no correlation for any group between this variation and range size. 
Range size is entirely uncorrelated with four orders of magnitude variation 
in dispersal.

Much broader evaluations of this connection have reached similar con-
clusions. There is strikingly little correspondence between range size and 
dispersal distance. Lester and Ruttenberg () examined tropical reef fi sh 
from a wide diversity of families and geographical settings and found that 
dispersal scale (inferred from pelagic larval duration) only appears to infl u-
ence range size in settings where there are enormous gaps between suitable 
habitat (e.g., in the tropical Pacifi c). When reef habitats are arrayed in more 
closely spaced stepping stones, range size is independent of dispersal scale 
for all fi sh families examined. Similarly, Lester et al. () expand this com-
parison to include seaweeds, invertebrates, and marine fi sh from higher lati-

Figure 9.2 Frequency 
distribution of disper-
sal distances estimated 
from genetic measures 
of isolation by distance. 
(redrawn from Kinlan 
and Gaines )

Figure 9.3 Average 
range size (measured 
here as maximum lin-
ear distance within the 
range, in km) for the 
same marine inverte-
brate taxa in fi g. ., 
as a function of average 
dispersal distance esti-
mated by slopes of 
 genetic isolation by 
 distance.
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tudes. They similarly fi nd that dispersal scale correlates with range size only 
in selective situations. Given that there are several intuitively appealing hy-
potheses drawing a connection between dispersal and geographic range size, 
these fi ndings suggest we need to reconsider the logic behind these hypoth-
eses (Lester et al. ) and refocus on identifying the actual mechanisms 
underlying the enormous variation in species’ range size.

The Influence of Dispersal on the 
Location of Range Boundaries

A second critical feature of a species’ range is where it ends. If the causes 
of range boundaries were idiosyncratic to the unique tolerances, traits, and 
interactions of diff erent species, we might expect that species’ range bound-
aries would be distributed somewhat randomly along coastlines. However, 
known marine species distributions strongly suggest this is not the case 
in the sea. Striking clusters of species boundaries occur within some rela-
tively short stretches of coastlines on most continental margins (Briggs ; 
Lüning ). These relatively abrupt latitudinal shift s in species composi-
tion make it possible to defi ne some boundaries of marine biogeographic 
provinces with general consensus (Dana ; Ekman ; Valentine ; 
Briggs ; Pielou ).

Does the common location of range boundaries imply common causal-
ity? It has long been noted that clusters of range boundaries of marine spe-
cies are typically associated with major coastal headlands or points that are 
characterized by distinctive oceanographic features (e.g., the convergence 
of two current systems, mesoscale eddies, or gyres; Dana ). Two classes 
of hypotheses have been proposed to account for the clustering of range 
boundaries at these prominent points:

The evidence seems overwhelming that the boundaries of [marine] biotic prov-
inces are determined by modern abiotic factors. . . . One of two possible [ex-
planations] is that each off ers unique environmental conditions, to which spe-
cies from other provinces are unadapted; intruders therefore cannot establish 
themselves in a “wrong” province although nothing prevents their entering it. 
The other possibility is that actual barriers to dispersal exist that are diffi  cult to 
cross. . . . Where such barriers to dispersal coincide with boundaries between 
diff ering environments, it is diffi  cult to judge the relative importance of the two 
factors in maintaining the distinctness of biotic provinces (Pielou ).

Pielou’s last sentence poses the fundamental problem. There are two classes 
of causes—one based on mortality outside the species’ range, either due to 
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physical or biological causes (hereaft er the mortality hypothesis), the other 
based on barriers to larval dispersal (hereaft er the dispersal barrier hypoth-
esis). Unfortunately, the underlying climatic mechanisms potentially respon-
sible for these two causes of range limits—steep physical gradients versus 
hydrographic barriers to dispersal—are typically confounded in space. Steep 
gradients in ocean temperature or other physical parameters cannot be gen-
erated without anomalous circulation patterns (e.g., convergent currents 
pushing water off shore), which tend to restrict along- coast larval dispersal.

Although the possible roles of both physical gradients and circulation 
have been noted in most marine biogeographic studies of the past century, 
the emphasis has been placed disproportionately on the physical gradients 
per se (generally temperature) as the ultimate cause (Clarke, chapter , this 
volume). This stems in part from the infl uence of the Hutchinsonian niche 
concept (Hutchinson ) on thinking in biogeography, whereby the geo-
graphic range is viewed as a “spatial refl ection” of a species’ niche (Brown 
and Lomolino ), emphasizing the role of environmental conditions in 
setting species’ distributions. However, the evidence to support such a bias 
is not particularly compelling. As noted previously, correlations between the 
position of species boundaries and thermal parameters (e.g., maximum tem-
perature, minimum temperature, temperature range) are necessarily con-
founded, because the isotherms themselves are correlated with changes in 
the pattern of circulation. In addition, correlations of the number of spe-
cies range limits with thermal parameters rarely show strong statistical re-
lationships (Valentine ; Doyle ; Lüning and Freshwater ). Fur-
thermore, experiments that transplant marine species beyond their normal 
range, although extremely rare, do not commonly support the mortality hy-
pothesis (Crisp ; Yamada ; Doyle ; Gilman ). Despite the 
lack of a clear causal connection between coastal marine provincial bound-
aries and corresponding gradients in physical conditions, only a few fi eld 
studies of single species have advocated the dispersal hypothesis as the pri-
mary determinant of range limits (Crisp ; Yamada ; Cowen ; 
Doyle ).

One way to gain insight into the relative roles of mortality and dispersal 
barrier hypotheses is to use the life history variation within marine species 
as an exploratory tool. As noted earlier, marine invertebrates are a diverse 
group with considerable variation in their mode of reproduction and scales 
of dispersal. With respect to the clustering of range boundaries at particular 
locations, we can gain insight into the roles of mortality- versus dispersal-
 based hypotheses by considering two dispersal classes. The majority of ma-
rine invertebrate larvae develop for weeks or months in the plankton and 



DISPERSAL AND GEOGRAPHIC RANGES IN THE SEA 237

currents may transport them far from their parents (hereaft er broad dispers-
ers). The direction and distance they disperse depend on patterns of circu-
lation, potentially modifi ed by the swimming behavior of the larvae (e.g., 
Botsford et al. ; Pineda ; Shanks and McCulloch ; Cowen, Paris, 
and Srinivasan ). The remaining species, however, spend little (min-
utes to hours) or no time developing in the plankton and do not disperse far 
from their parents (hereaft er limited dispersers). Thus, they are aff ected less 
directly by patterns of coastal circulation.

Unlike the previous section, where we explored range size relative to 
quantitative estimates of dispersal distance, this simple dispersal dichotomy 
may provide considerable insight for this particular macroecological pat-
tern. The reason is that only one of these two groups (broad dispersers) will 
be directly infl uenced by the pattern of circulation at biogeographic breaks, 
while both groups will be indirectly aff ected by the physical and biological 
gradients the circulation patterns create. Therefore, if we focus on inverte-
brates with relatively sessile adults, one test of the role of dispersal barri-
ers is to ask if species that reproduce via broadly dispersing larvae are more 
likely to have a range boundary at a biogeographic boundary than species 
with limited- dispersing larvae. If hydrographic barriers to dispersal play an 
important role in clustering species range limits at major points and head-
lands, we would predict that species with broadly dispersing larvae should 
be more likely to have a range limit at these headlands than species with 
nondispersing larvae. By contrast, if steep physical gradients (e.g., in tem-
perature) are the primary cause of the clustering of range limits, we would 
predict that both groups of invertebrates are equally likely to have range lim-
its at these points.

To test such contrasting predictions, we assembled data on the range lim-
its of intertidal invertebrates from the Pacifi c coast of North America (Mor-
ris, Abbott, and Haderlie ; Eckert ). Figure . plots the percentage 
of range limits (northern and southern limits plotted separately) for species 
with broadly dispersing versus limited- dispersing larvae in .° increments 
of latitude. Sharp peaks indicate that the ranges of a large percentage of spe-
cies end within a short stretch of coastline. Note that there is little corre-
spondence between the latitudinal distribution of range limits for the two 
groups (r < . between species with dispersing versus limited dispersing 
larvae for both northern and southern range limits). The diff erences are es-
pecially noteworthy for some prominent biogeographic breaks. For example, 
Point Conception, California (.°) is a clear northern boundary for spe-
cies with broadly dispersing larvae but not for species with limited dispers-
ing larvae (fi g. .). Similarly, two prominent headlands in Baja California 
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are clear southern boundaries for species with dispersing larvae, but not for 
species with nondispersing larvae (fi g. .). Along this stretch of coastline, 
only the Monterey Bay region (.°) seems to be a common boundary for 
species with both larval types (fi g. .).

Further evidence for a connection between dispersal and the location of 
range boundaries comes from comparing northern versus southern range 
limits rather than comparing across species with diff erent life histories. Fig-
ure . shows that some headlands represent “one- way” boundaries. Most 
noteworthy, Point Conception is a prominent northern boundary for species 

Figure 9.4 Distribution of species’ borders for marine intertidal invertebrates with relatively 
sessile adults. Species are placed in two groups, based on their larval development. Those spe-
cies whose larvae spend either no time in the plankton (direct developers) or only minutes to 
hours are classed as limited dispersals. Species whose larvae develop for many days to months 
in plankton are classed as broad dispersers. Range boundaries are from Morris, Abbott, and 
Haderlie () with extensive updates from the literature (see Eckert  for details).
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with broadly dispersing larvae, but it is not a southern boundary. This pat-
tern is diffi  cult to reconcile with hypotheses based upon physical or biologi-
cal gradients that aff ect mortality, which would predict clustering of both 
northern and southern range limits. By contrast, the unidirectional nature 
of this boundary for broad dispersers follows directly from the general pat-
terns of circulation and their likely eff ects on dispersal (Gaylord and Gaines 
). Point Conception represents a point of convergence between a large 
coastal current (the California Current) and a large, seasonal mesoscale 
eddy (Lasker, Pelaez, and Laurs ; Husby and Nelson ; Doyle ). 
The pattern of fl ow is such that larval dispersal may be much more diffi  -
cult from south to north around the point than the reverse. In support of 
this hypothesis, genetic analyses within populations of intertidal barnacles 
that span Point Conception show diff erential rates of gene fl ow (north to 
south > south to north; Wares, Gaines, and Cunningham ). In addition, 
recent range expansions of species that previously had northern range lim-
its at Point Conception are consistent with a breakdown in dispersal barriers 
under altered fl ow conditions (e.g., during El Niño—Zacherl et al. ).

Simple models of larval dispersal under commonly observed fl ow condi-
tions can create range boundaries surprisingly easily with convergent fl ows 
(Gaylord and Gaines ; Byers and Pringle ) even when there is no 
spatial variation in mortality in the adult habitat. The irony is that species 
with longer potential for dispersal are more susceptible to such fl ow- induced 
barriers than species with restricted propagule movement. Historically, dis-
persal barriers have been viewed more as a problem for species with quite 
limited dispersal who were unable to cross the barrier (see summary in Gas-
ton ). For such hypothetical fl ow- induced boundaries, however, the 
absence of suffi  cient larvae that do not disperse is fundamental to the es-
tablishment of the species border (Gaylord and Gaines ). Even when 
the barrier to dispersal is quite leaky, a range boundary can be maintained, 
because larvae that settle and survive to adulthood beyond the boundary 
produce larvae that disperse disproportionately back toward the region of 
convergence (Gaylord and Gaines ). The observation that species of in-
vertebrates with longer- lived planktonic larvae are the primary species with 
range boundaries at two sites along the west coast of North America with 
convergent fl ows (Point Conception and Punta Eugenia) suggests that the 
role of dispersal barriers in setting range boundaries in the sea warrants con-
siderably more attention. Although alternative explanations to the dispersal 
barrier hypothesis (e.g., enhanced gene fl ow in species with long- distance 
dispersal may swamp local adaptation to changes in physical or biological 
conditions or diff erential larval mortality during development on opposite 
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sides of the boundary) can account for some of the pattern data observed 
along the west coast of North America, they all include a fundamentally 
important role for larval dispersal. These issues are ripe for exploration of 
both the generality of the macroecological patterns at other biogeographic 
boundaries and for detailed experimental studies at the edges of species’ 
ranges (e.g., see Gilman  for an excellent example).

The Influence of Dispersal on Abundance 
across a Species’ Range

So far, we have focused on the impact of dispersal on issues related to range 
edges. Such boundary defi nitions simplify the evaluation of population size 
to a problem of presence/ absence. As a result, we have been able to ignore 
population size during all of this discussion. However, patterns of abundance 
across a species’ range can have important consequences for a wide range 
of issues such as gene fl ow, species interactions, and responses to harvest-
ing. Thus, it is critical to document geographic patterns of population abun-
dance and understand the factors determining these patterns. Although a 
wide range of ecological theory and empirical studies have examined con-
nections between dispersal and population size (e.g., Pulliam ; Boyce 
; Lande, Engen, and Saether ), two emerging bodies of research sug-
gest this connection may be strong across broad geographical scales in ma-
rine populations.

First, the modeling studies of the link between dispersal and range bound-
aries discussed briefl y previously also consider the consequences of disper-
sal under diff erent fl ow conditions to patterns of population size across spe-
cies’ ranges (Gaylord and Gaines ; Byers and Pringle ; see also Siegel 
et al.  for new modeling approaches to dispersal in turbulent fl ows). Such 
models generate a diverse set of abundance patterns across geographic scales 
in the presence of diff erent oceanographic fl ow fi elds (e.g., see fi g. . and 
multiple fi gures in Gaylord and Gaines  for simple examples).

In parallel with these modeling eff orts, the last decade has seen a great 
expansion of studies of actual population sizes across entire species ranges 
(see Sagarin and Gaines a; Sagarin and Gaines b; Gaston  for 
recent reviews). Contrary to the simple and ubiquitous biogeographic pre-
sumption that species are typically most abundant at sites near the center 
of their geographic range, these large- scale ecological studies have found a 
rich diversity of distributions of abundance with a surprisingly large number 
of cases where peaks in species’ abundance occur relatively close to range 
boundaries rather than near range centers (see fi g. . for a few examples 
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Figure 9.5 Population abundance 
across a species’ geographic range 
with diff erent patterns of coastal cir-
culation and larval dispersal (sensu 
Siegel et al. ). Top panel: Unidi-
rectional fl ow to right, mean fl ow = 
 cm/ s, std. dev. =  cm/ s, PLD = 
fourteen days, gaussian dispersal 
kernel. Middle panel: Diverging fl ow 
at midpoint, mean fl ow = +/ –  cm/ s, 
std. dev. =  cm/ s, PLD = fourteen 
days, gaussian dispersal kernel. Bot-
tom panel: Converging fl ow toward 
midpoint, mean fl ow = – / + cm/ s, 
std. dev. =  cm/ s, PLD = fourteen 
days, gaussian dispersal kernel.

from the larger range of patterns summarized in Sagarin and Gaines a; 
Sagarin and Gaines b; Defeo and Cardoso ; Sagarin, Gaines, and 
Gaylord ).

Since the presumption of an abundant center is at the core of a number 
of ecological, evolutionary, biogeographic, and conservation theories and 
frameworks (see review in Sagarin, Gaines, and Gaylord ), these em-
pirical fi ndings and syntheses call into question a number of results and 
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approaches. As a consequence, recent studies have begun to examine how 
such issues as genetic population structure (Vucetich and Waite ), habi-
tat conservation (Hampe and Petit ), and species responses to climate 
change (Helmuth, Kingsolver, and Carrington ) might be altered by dif-
ferent patterns of abundance across species’ ranges.

Further modeling work connects these empirical patterns of abundance 
to the theoretical fi ndings demonstrating the geographic infl uence of disper-
sal and oceanography on population sizes. This work shows that a number 
of circulation scenarios lead to theoretical predictions of abundance patterns 
with peak abundances near the edge of species’ ranges (e.g., see the middle 
panel of fi g. . and numerous examples in Gaylord and Gaines ). Al-
though other hypotheses could undoubtedly account for skewed abundance 
distributions (e.g., nonlinear physical gradients—Helmuth and Hofmann 
; Helmuth et al. ), the connections with patterns of dispersal war-

Figure 9.6 Selected examples of abundance 
distributions for marine species that show 
peaks of abundance near the range boundary 
(redraft ed from Sagarin and Gaines ).
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rant more focused attention. This conclusion is supported by the observation 
that many of the species observed to have peaks of abundance at the edge of 
the range have these abundant edges at prominent biogeographic boundar-
ies with convergent fl ows (e.g., Punta Eugenia in Baja California, Mexico—
see Sagarin and Gaines b, Sagarin, Gaines, and Gaylord ).

Although the number of species with detailed data on abundance across 
their geographical range does not currently permit the kinds of larger mac-
roecological comparisons across species with diff erent life- history traits or 
patterns of dispersal that were possible as discussed earlier, the fact that 
abundant edge distributions for some species coincide with locations that 
have disproportionate numbers of range boundaries for species with broadly 
dispersing planktonic development (fi g. .) suggests a signifi cant role of 
dispersal. Whether this is just coincidence or an important new fi nding 
awaits more detailed studies at other locations and fi eld experiments that 
test among competing hypotheses more rigorously. Furthermore, the ques-
tion of whether abundance patterns tell us anything about the mechanisms 
setting range boundaries (Caughley et al. ; Sagarin and Gaines a; 
Sagarin, Gaines, and Gaylord ) remains currently unresolved, but there 
are hints that they may be an important source of insight for some larger-
 scale dynamics in marine populations.

Conclusions

Dispersal redistributes individuals in space. Thus, it is not surprising that 
it is functionally linked to a wide range of large- scale issues in biogeogra-
phy and macroecology. Here we have explored recent advances in our un-
derstanding of how dispersal might structure marine populations at large 
biogeographic scales. We considered three issues (size of ranges, location of 
range boundaries, and distribution of individuals across entire ranges) that 
illustrate both diff erences in approach and diff erences in conclusion.

In the fi rst case (range size), dispersal was long suspected to play a dis-
proportionately large role in determining the size of species’ geographic 
distributions. New syntheses, however, that include more detailed and/or 
quantitative estimates of dispersal distances are tempering that conclusion. 
Dispersal may play a smaller role in setting the range size of marine species 
than previously suspected. By contrast, the role of dispersal barriers in set-
ting the location of range boundaries in the sea has received comparatively 
little attention. Although dispersal barriers are usually listed as one of sev-
eral hypothetical causes for the location of range boundaries, it is commonly 
assumed that gradients in environmental conditions are the primary deter-
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minant of species’ range boundaries, particularly when species’ boundaries 
cluster at a given location. Comparisons across taxa with diff erent life his-
tories, and thus diff erent dispersal characteristics, suggest that the role of 
dispersal barriers in establishing species’ range limits may be far more im-
portant than previously suspected, particularly in certain oceanographic set-
tings (e.g., convergent fl ows).

Finally, explorations of range edges have been historically somewhat di-
vorced from studies of geographical variation in population size. The emerg-
ing data on patterns of abundance across entire species’ ranges and mod-
eling work predicting patterns of abundance under diff erent dispersal and 
oceanographic scenarios both suggest that it could be fruitful to further 
study the potential for dispersal to infl uence geographic patterns of popula-
tion size. In examining these three issues, we stress the value of a multifac-
eted approach to macroecological studies. These insights were gained by a 
combination of empirical documentation of large- scale patterns for diff erent 
life history groups, modeling eff orts, and critical examinations of mechanis-
tic hypotheses.
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