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INTRODUCTION

In marine systems, many species are sedentary as
adults, constraining connective processes to the early
life stages. Adults in these populations are unlikely to
be major contributors to the next generation at their
particular location because larvae have the potential
to be transported over wide geographic areas (Na -
than 2001, Gilg & Hilbish 2003, Pineda et al. 2009).
Consequently, understanding the decline, mainte-
nance, or new establishment of subpopulations re -
quires knowledge of both local conditions and re -
gional patterns of connectivity. Most studies of
marine population connectivity focus on post-spawn-
ing processes, especially physical circulation, that de-
scribe the link between larvae and adults (Levin
2006). These include factors that determine whether

larvae will be transported to a settlement site (Rumrill
1990), the number of settlers (Minchinton & Scheib-
ling 1991), or the transition from settlers to recruits
(McGuinness & Davis 1989, Menge 2000). Con-
versely, the reciprocal relationship, the link between
adults and larval production, is much less well known
because this requires enumerating the contribution of
all adult populations that potentially contribute to the
larval population at the geographic scale of larval dis-
persal (Hughes et al. 1999, 2000). In open marine sys-
tems with planktonic larvae, this would entail enu-
merating the larval production of all adult populations
across spatial scales of 10 to 100 km (Gilg & Hilbish
2003, Becker et al. 2007). Nonetheless, the few
studies that have explored the relationship between
adults and larval pool size indicate that variation in
fecundity of adults is responsible for a large amount
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of variation in recruitment (Hughes et al. 2000, Reed
et al. 2009, Burrows et al. 2010) and metapopulation
growth (Carson et al. 2011).

In this study, we exploit a feature of the reproduc-
tive biology of the barnacle Semibalanus balanoides
that creates annual variation in reproductive output
at the spatial scale of larval dispersal to test the
hypothesis that adult fecundity appreciably influ-
ences the size of the larval pool and population con-
nectivity in open marine ecosystems. Reproduction in
S. balanoides is inhibited by warm temperatures
above 10 to 12°C (Barnes 1957a,b, 1963, Crisp &
Clegg 1960, Crisp & Patel 1969); laboratory studies
indicate that a period of 4 to 6 wk at or below 10°C is
necessary for reproduction (Crisp & Patel 1969).
Recruitment also has been observed to vary inversely
to winter temperatures (Drévès 2001). These results
suggest that greater reproductive output is expected
when adult S. balanoides experience a cold winter
than when warm conditions prevail. Sea surface
 temperature (SST) also varies at a broad spatial scale
(25 to 100 km) and, thus, is expected to simultane-
ously affect the reproductive output of all adult pop-
ulations within a region. In this study, we test the
hypothesis that annual variation in winter SST results
in variation in adult reproduction, provisioning of the
larval pool, and population connectivity at regional
scales. We conducted this study on the English Chan-
nel coast of Southwest England because the abun-
dance of S. balanoides in this region oscillates
through time (Southward et al. 1995, Hawkins et al.
2003), and this species has been rare or absent from
much of the region in the decade prior to 2010. The
cold winters of 2009 to 2010 and 2010 to 2011 ex -
ceeded the physiological threshold where S. bala -
noides is expected to have high larval production,
and the warm winter of 2011 to 2012 did not exceed
the threshold; consequently, low larval production is
predicted in this year.

MATERIALS AND METHODS

Field work

During early June of 2010 and 2011, 14 intertidal
sites were sampled at approximately 10 km intervals,
encompassing over 250 km of the coast of Southwest
England (Fig. 1). During 2012, a subset of 11 of the
sites was sampled. At each site, we sampled barnacle
populations within the mid-tidal range where Semi-
balanus balanoides are found if present by haphaz-
ardly positioning quadrats within this zone. We

photo graphed barnacles attached to the substratum
along with a metric tape for determining the size and
density of barnacles in each sample. Sites selected
for photographic sampling appeared representative
of the location. If no individuals identifiable as S. bal-
anoides could be located at a site after 30 min of
searching, the species was assumed to be absent or
very rare at the site, and a density of zero was
recorded.

Image analysis

A subset of at least 5 images (out of 10 to 30) was
selected for analysis from each site during each year.
These images were included based on focus quality,
as barnacles outside the focal plane could not be
identified. Because of variation in the flatness of the
underlying rock, the size of the available space in
focus in each image varied; the countable area
ranged from 5 to 155 cm2, with a mean quadrat size of
32.4 cm2. Images were imported into the open-source
software ImageJ (Abramoff et al. 2004) for subse-
quent analysis. Semibalanus balanoides individuals
were identified based on plate number and shape as
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Fig. 1. Semibalanus balanoides. Study region and sampling
sites in Southwest England. Photographic quadrats were
taken at 14 sites (d) located in the intertidal zone of Devon
and Cornwall during 2010, 2011, and 2012. From east to
west, site locations are Sidmouth, Maidencombe, Dart-
mouth. Hallsands, Mothecombe, Whitsand Bay, Lansallos,
Hemmick Beach, Maenporth, Kennack Sands, Poldhu,
St. Michaels Mount, Porthcurno, and Cape Cornwall. The 

city of Plymouth is also shown. SP: Start Point
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described by Southward & Crisp (1963). Differentia-
tion of S. balanoides from other common intertidal
species in the region, including Chthmalus stellatus,
C. montagui, and Elminus modestus, is relatively
straightforward, as S. balanoides has a diamond-
shaped operculum and 2 of its 6 shell plates are much
narrower than the others (Southward 1976). Individ-
uals were assigned to 1 of 2 age classes: young of the
year (YOY) and adults. YOY are readily recognized
by having white plates that are well defined,
whereas adults are more stained and brown in color
and typically have significant fusion and weathering
of the plates. The metric tape in each of the photo-
graphic quadrats was used to calibrate the ImageJ
measurement tool, which was subsequently used to
calculate the average density of S. balanoides indi-
viduals of each age class at each site.

Temperature and statistical analysis

NOAA’s optimally interpolated 1/4 degree daily
SST analysis data V2 (Reynolds et al. 2007) were ob -
tained from the NOAA National Climatic Data Cen-
ter (www.ncdc.noaa.gov/thredds/catalog/oisst/Net
CDF/AVHRR/catalog.html). These data represent
daily SST estimates encompassing the entire study
area at a spatial resolution of 0.25° (~110 km in the
north–south direction, ~71 km in the east–west di -
rec tion). The data were imported into R 2.9.2 (R De -
velopment Core Team), and a script was developed
to identify the closest marine pixel to each sample
site. Lima & Wethey (2012, their supplementary
tables) showed that the nearest pixel to intertidal
sites in this dataset is highly correlated to SST meas-
ured onshore. The resulting dataset was used to gen-
erate a table containing the number of days below
10°C at each sampling site during the predicted
Semibalanus balanoides reproductive season for
each year between 1983 and 2012. The reproductive
season was estimated by subtracting the period
between fertilization and larval release (110 to 120 d,
Crisp 1964) for S. balanoides in the UK from the
range of dates of release (9 to 24 March, Crisp 1964).
The 10°C temperature threshold was selected based
on the findings of Barnes (1963) and Crisp & Patel
(1969) that S. balanoides requires a period of 4 to
6 wk below this temperature for reproduction to
occur. However, we do not expect this to be an all-
or-nothing res ponse; reproductive output may be
inversely proportional to temperature so long as
 winter temperatures fall below the temperature (10
to 12°C) that inhibits reproduction (Drévès 2001,

Abernot-Le Gac et al. 2013). In addition, the potential
role of air temperature in regulating reproductive
output in S. balanoides is poorly known; thus, repro-
duction of some individuals within a population may
be inhibited if they reside in warm microsites, while
others, in cold microsites, may reproduce. Accord-
ingly, we assigned each site to 1 of 3 categories: (1) if
SST was <10°C for more than 6 wk, we concluded
that it is probable that adult S. balanoides would
have high reproductive output; (2) if SST was below
10°C for 4 to 6 wk, we concluded that it is possible
that barnacles at this site spawned and reproductive
output was expected to be modest; and (3) if SST did
not fall below 10°C for at least 4 wk, we concluded
that it is likely that many adults at a site were inhib-
ited from reproducing and that reproductive output
was expected to be low that year.

RESULTS

Start Point, Southwest England (Fig. 1), can be a
formidable barrier to water and larval transport (Gilg
& Hilbish 2003) and typically separates a region of
comparatively cold water to the east from a region of
warmer water to the west (see Figs. 2 & 3). Conse-
quently, we report our results with respect to dis-
tance east and west of Start Point. In 2010, adult
Semibalanus balanoides densities west of Start Point
were low, with most sites having fewer than 0.5 adult
ind. cm−2. Adult densities were generally higher east
of Start Point, where 2 populations had adult densi-
ties that exceeded 2.5 ind. cm−2. During the winter of
2009 to 2010, all but the 2 westernmost sites experi-
enced at least 6 wk below 10°C, and these popula-
tions were categorized as having high reproductive
output (Fig. 2A). At the 2 westernmost sites, SST was
<10°C for between 4 and 6 wk, and populations at
these sites were expected to have medium reproduc-
tive output. S. balanoides recruitment density in 2009
to 2010 was very high, averaging ~7 ind. cm−2 at sites
east of and up to 100 km west of Start Point. At sites
100 to 170 km west of Start Point, recruitment density
de clined to ~3 ind. cm−2, and no recruits were ob -
served at the 2 westernmost sites (Fig. 2A).

During 2010 to 2011, temperatures were again
cold, and 8 of the 14 sites were classified as having
high reproductive output, while the 6 westernmost
sites experienced between 4 and 6 wk <10°C and
were categorized as having medium reproductive
po tential. Semibalanus balanoides recruitment ran -
ged from 0 to 6.61 ind. cm−2 (Fig. 2B). At sites 100 to
170 km west of Start Point, recruitment was again
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high during 2011 and was significantly greater than
recruitment during 2010 (Fig. 2B; Wilcoxon rank sum
test, p < 0.05). The 2 westernmost sites, which did not
receive recruits in 2010, both received recruits in
2011, albeit at low density. At sites within 100 km of
Start Point, there is no clear pattern; some sites
exhibited greater recruitment in 2011 than in 2010,
while others exhibited lower or similar recruitment
density compared to 2010.

Adult density was significantly greater in 2011
than in 2010 at all sites west of Start Point (Fig. 2B;
Wilcoxon rank sum test, p < 0.05), except for the
westernmost site, where adult density was zero in
both years. At the 4 sites east of Start Point, adult
density was significantly greater in 2011 than in 2010
at 3 sites and significantly lower at 1 site (Fig. 2B;
Wilcoxon rank sum test, p < 0.05). It is probable that
this increase in adults in 2011 is the result of high
recruitment in 2010.

In contrast to the previous 2 years, SST during the
winter of 2011 to 2012 was comparatively warm; no
location within the study region experienced >6 wk
of temperature below 10°C, and only sites east of
Start Point experienced 4 to 6 wk below 10°C.
Recruitment density was very low, averaging ~1 ind.
cm−2 throughout the region. This low recruitment is
in contrast to the increase in adult density that
occurred at most sites as a result of high recruitment
during the previous 2 yr. Semibalanus balanoides
may mature within their first year if they experience
rapid growth (Moore 1936, Southward 1967, Wethey
1985a); thus, both 1 yr old and older barnacles may
contribute to adult reproduction if temperatures per-
mit. It is striking that recruitment fails just as recruits
from 2010 and 2011 mature into reproductively
active adults.

To determine whether the density of YOY was ex -
plained by adult density within the settlement site,
we compared YOY density to the adult density at
each site by performing Pearson rank-order correla-
tion tests. YOY and adult densities were not signifi-
cantly correlated in any of the 3 years of this study
(2010: r = 0.128, p = 0.517; 2011: r = −0.178, p = 0.511;
2012: r = 0.352, p = 0.217), indicating that the density
of local adults is insufficient to explain local recruit-
ment patterns.

While it is clear that warm winter temperatures
inhibit reproduction in Semibalanus balanoides, it
is not certain that 10°C is necessarily the threshold
for inhibiting reproduction; inhibitory temperature
thres holds may occur either above or below 10°C. We
compared days below 10°C with days below 9°C and
below 11°C, and they were all highly correlated (in
both cases r = 0.78, p < 0.0001, df = 838). Thus, while
we used days below 10°C in the analyses reported
here, this temperature is not necessarily a threshold,
but it is correlated with other measures of winter
temperature.

We analyzed winter SST from 1983 to 2012 (the ex-
tent of the Reynolds optimally interpolated V2 SST
dataset) to determine the frequency and distribution
of high, medium, and low reproductive output years
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Fig. 2. Semibalanus balanoides. Young of the year (d) and
adult (n) densities (ind. cm−2 ±1 SE) measured in (A) 2010,
(B) 2011, and (C) 2012 and number of consecutive days
below 10°C (shaded area) as a function of distance from
Start Point, England. Dashed lines represent thresholds at
28 and 42 d, delineating conditions under which high
(>42 d), medium (28 to 42 d), and low (<28 d) reproductive 

output are predicted
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for Semibalanus balanoides spawning in Southwest
England (Fig. 3). At sites east of Start Point, high,
medium, and low reproductive output years repre-
sented 44, 23, and 33% of the total years, respectively.
Sites west of Start Point were typically war mer, with
low reproductive output occurring in 56% of the
years and years with high and medium reproductive
output representing 26 and 17% of the total time pe-
riod, respectively. The pattern of high, me dium, and
low reproductive output years varies through time
(Fig. 3). Prior to 1998, high and medium output years
were separated by 1 or 2 low output years. Since
1998, high and medium output years have occurred
less frequently (Fig. 3) both east and west of Start
Point and were separated by several years in a row
where spawning was expected to be low. While there
is no statistically significant correlation between
number of cold days and time for the entire region
(df = 28, r = −0.20, p = 0.290), if the recent 4 years
(2009 to 2012) are removed, there is a significant neg-
ative correlation between number of cold days and
time for sites east (df = 24, r = −0.47, p = 0.016) and
west (df = 24, r = −0.46, p = 0.018) of Start Point.

DISCUSSION

The factors contributing to marine population con-
nectivity are notoriously difficult to measure, and
adult input to the larval pool is perhaps the most

intractable component because it requires knowl-
edge of the contribution of all potential source popu-
lations over large spatial scales. We took advantage
of the fact that warm winter temperatures inhibit
reproduction in Semibalanus balanoides to test the
hypothesis that variation in adult contribution to
the larval pool significantly influences connectivity
among adult populations. In Southwest England,
annual variation in SST determines the reproductive
potential of adult populations over broad spatial
scales and determines the magnitude of potential
connectivity over the same geographic scales. Con-
sequently, we expect adult contribution to the larval
pool and subsequent larval recruitment to be much
greater following cold winters where the threshold
for reproduction has been met, and to be low follow-
ing warm winters where the threshold has not been
met (e.g. Wethey et al. 2011). This is precisely what
we observed; following the cold winters of 2009 to
2010 and 2010 to 2011, high levels of recruitment
occurred throughout most of Southwest England.
The magnitude of larval recruitment was excep-
tional, especially in 2010, when recruitment was ~6
to 10 ind. cm−2 at sites 100 km west of Start Point.
Such high densities have not been observed in
Southwest England for many years, especially at
locations more than 50 km west of Start Point (Moore
1936, Southward 1991, Southward et al. 1995, Haw -
kins et al. 2003), and are comparable to high recruit-
ment sites elsewhere in Europe, near the center of
the species’ range distribution, where adult popula-
tion density is much higher (Connell 1985, Wethey
1985b, Jenkins et al. 2000, 2001). In contrast, follow-
ing the warm winter of 2011 to 2012, we observed
low recruitment throughout Southwest England. The
prediction that cold winters that exceeded the repro-
ductive threshold of 4 to 6 wk below 10°C would
result in increases in adult pro visioning of the larval
pool is therefore strongly  supported.

Jenkins et al. (2000) described larval settlement
and recruitment of Semibalanus balanoides at 3 sites
6 to 40 km west of Start Point. In 1997, following a
cold winter that met the criterion for high reproduc-
tion (Fig. 3), they observed high levels of larval
recruitment (~6 to 8 ind. cm−2) comparable to our
observations in 2010. In 1998, following a warm win-
ter during which the reproduction was expected to
be inhibited at sites west of Start Point (Fig. 3), they
observed negligible recruitment. If we combine
these results with ours, we find that in 3 of the
5 years, we predicted and observed high recruitment
success and that in the remaining 2 years, we pre-
dicted and observed recruitment failure. The proba-
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Fig. 3. Number of consecutive days below 10°C as a function
of time and distance from Start Point, England, for 1983 to
2012. Color bar indicates the number of days below 10°C.
White, grey, and black regions respectively represent the ex-
pectation of high (>42 d below 10°C), medium (28 to 42 d be-
low 10°C), and low (<28 d below 10°C) reproductive output
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bility of obtaining this result in the correct sequence
is 0.035 (3/5 × 2/5 × 3/5 × 3/5 × 2/5); thus, it is unlikely
that we would have observed the predicted sequence
of recruitment success and failure by chance alone.
The results of Jenkins et al. (2000) endorse the
hypothesis that the adult provisioning of the larval
pool drives larval recruitment and that this, in turn,
depends on temperature falling below the 10°C
threshold for at least 4 to 6 wk during the winter.

In this study, we measured larval recruitment
within 2 mo of larval settlement; thus, it is possible
that post-settlement mortality affected the abun-
dance of juvenile barnacles (Connell 1985, Pineda et
al. 2009, 2010) prior to our measuring YOY densities.
Jenkins et al. (2000) compared annual and spatial
variation in settlement and recruitment at multiple
spatial scales across Europe. They found settlement
and recruitment to be highly correlated within 3 of
4 regions studied across Europe, and in Southwest
England, 99% of the variation in recruitment among
sites and between years could be explained by the
level of settlement. Thus, we believe our assessment
of annual variation in recruitment accurately reflects
variation in larval settlement rate.

Bertness et al. (1991), Leslie et al. (2005), and Bur-
rows et al. (2010) report that regional primary pro-
duction (as measured by chl a concentration) con-
tributes to variation in growth and reproductive
output in barnacles. It is possible that the annual
variation in recruitment observed in Southwest Eng-
land is from the variation in primary production that
is correlated with winter SST. We tested this possibil-
ity by comparing annual variation in primary produc-
tion to the recruitment of Semibalanus balanoides
observed by us and by Jenkins et al. (2000). Primary
production was measured by in situ fluorometry at a
station within 10 km of sample sites used in this study
and by Jenkins et al. (2000) (www.westernchan-
nelobservatory.org.uk). We averaged weekly total
chl a concentration between May 1 and November 1
prior to the measurement of recruitment as an esti-
mate of the period over which S. balanoides accumu-
lates reserves for growth and reproduction (between
settlement in mid-April and egg deposition in
November). Primary production and recruitment
were not significantly correlated (r = 0.0005); in fact,
the period of highest primary production corre-
sponded to the year with lowest recruitment. We also
compared recruitment to the average concentration
of chl a in March of the year recruitment was meas-
ured to assess whether barnacle larvae in the plank-
ton may survive better in years with high primary
production. There was again no significant correla-

tion (r = 0.09), and the year with the highest primary
production in March corresponded to the second
lowest recruitment. Thus, there is no evidence that
annual variation in primary production contributes to
the observed annual variation in recruitment in
Southwest England.

Variation of larval input driven by variation in win-
ter temperature provides a mechanism for the long-
observed pattern of oscillating population size of
Semibalanus balanoides in Southwest England
(Moore 1936, Southward & Crisp 1954, Southward
1967, 1991, Southward et al. 1995, Hawkins et al.
2003). Prior to 2010, adult S. balanoides were rare or
absent from locations west of Start Point (Fig. 2A),
but this has not always been the case. S. balanoides
was a dominant intertidal species in the 1930s and
1940s, declined to become rare in the late 1940s and
early 1950s when the western English Channel
warmed, enjoyed a rebound during a cold period
from 1952 to 1957, declined again as SST warmed
between 1958 and 1961, became abundant again
during rapid cooling in the early 1960s, and then has
continuously declined during the current warming
trend that began in the 1980s (Moore 1936, South-
ward & Crisp 1954, Southward 1967, Southward et al.
1995, Hawkins et al. 2003). Parallel fluctuations
occurred on the continental coast of Europe during
the same period (Wethey et al. 2011). Thus, the high
levels of larval recruitment observed in 2010 and
2011 and the resurgence of adults observed in 2011
and 2012 occur against a backdrop of regional rarity
of S. balanoides that has persisted for several de -
cades. Our data indicate that whether winter temper-
atures drop below the reproductive threshold for a
sufficient duration is a key component of the repro-
ductive success of S. balanoides and that this, in turn,
determines the size of the larval pool available for
settlement and recruitment.

The origins of the larvae that recruited in 2010 and
2011 are unclear. In this study, we observed a west-
ward expansion of Semibalanus balanoides into
Southwest England in 2010 and further to the west
again in 2011. Southward (1967) also observed a
westward expansion of S. balanoides during a cold
period in the early 1960s. Southward (1967) reported
that the ‘main front’ of S. balanoides moved an aver-
age of 53 km yr−1 and a maximum of ~120 km yr−1.
Similar rates of expansion of the geographic range of
S. balanoides occurred on the continental European
coast after the cold winter of 2010 (Wethey et al.
2011). In Southwest England, dense populations of
adults only occurred east of Start Point in 2010, so it
is likely that larvae produced by these populations
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were dispersed to the west. During the dispersal
period for S. balanoides (March to April), near-shore
currents in Southwest England are driven westward
by strong easterly winds (Pingree & Griffiths 1980).
In 2011, recruitment advanced further westward,
which may suggest that the larvae transported to
these western sites were produced by adults that
were established west of Start Point in 2010 (Fig. 2).
These results all indicate that the western sites are
connected to and depend on recruitment from popu-
lations to the east; however, bulk transport of barna-
cle larvae over such large distances seems unlikely,
especially given that this would require transport
around Start Point, which has previously been shown
to be a formidable barrier to larval dispersal (Gilg &
Hilbish 2003). Physical circulation modeling for the
years of our study is ongoing and may reveal that
Start Point is a less formidable barrier to larval dis-
persal than previously suggested (Gilg & Hilbish
2003). Alternatively, westward expansion may origi-
nate from refuge populations in the west, as small
numbers of adults were indeed present west of Start
Point prior to 2010. Southward (1967) also suggested
that refuge populations may be important for repatri-
ation of western sites. However, this is unlikely to be
the sole explanation of the westward expansion; the
temperature patterns were similar in 2010 and 2011,
with all sites in the study region classified as having
high or moderate reproductive output, but recruit-
ment at the westernmost sites only occurred in 2011.
If the recruitment patterns were based solely on cold
temperatures allowing the reproduction of refuge
populations, we would expect a similar recruitment
pattern in both cold years, not the advancing front
that was observed. It is also possible that the advanc-
ing front was generated by a combination of larvae
from the east and advancing cold from the east
allowing reproduction by refuge populations, but
current data do not allow us to differentiate between
these hypotheses or some combination of the two.

The observed pattern of permissive vs. non-
 permissive years of reproduction (Fig. 3) has popula-
tion-wide implications for Semibalanus balanoides in
Southwest England. The average lifespan of S. bal-
anoides is 3 yr (Southward & Crisp 1954, Wethey
1985a), so local extinction of S. balanoides will likely
occur in areas that are not reseeded with larvae at
least once every 3 yr. Local extinction resulting from
lack of larval settlement likely produced the dearth
of S. balanoides in areas west of Start Point prior to
2010. Over the past 2 decades, there has been a sig-
nificant decline in the annual number of cold days
(excluding the 2 recent cold winters) and an increase

in the number of years in which reproduction should
be inhibited, separating years with high or modest
reproductive output. Thus, we predict that popula-
tions of S. balanoides in Southwest England will re -
main transient. In addition, data from both South-
ward (1967) and our study indicate that a single cold
year is insufficient for larvae to colonize the far west-
ern sites. If the frequency of inhibitory years contin-
ues to increase, these areas may permanently be out-
side of the range of S. balanoides, and the species’
range will contract significantly. The Wethey et al.
(2011) metapopulation model predicted that S. bal-
anoides would disappear from Southwest England by
2099 under the Intergovernmental Panel on Climate
Change (IPCC) A1B climate change scenario. Fol-
lowing a similar climate scenario, Poloczanska et al.
(2008) predicted regional extinction by 2060. Our
results suggest that S. balanoides could disappear
from Southwest England even sooner and may re -
quire less warming than Poloczanska et al. (2008)
and Wethey et al. (2011) suggest.

Semibalanus balanoides populations in Southwest
England highlight the combined roles of connectivity
and adult input into the larval pool as controlling
forces in population dynamics. In these populations,
local recruitment is not significantly correlated with
local adult density, indicating that their demography
is likely a regional process mediated by population
connectivity. Although input into the larval pool is an
understudied component of connectivity, the few
studies that have simultaneously measured recruit-
ment and adult input indicate that recruitment varia-
tion is strongly related to adult density (Smith et al.
2009) and adult fecundity (Hughes et al. 2000, Reed
et al. 2009, Burrows et al. 2010). In contrast, Leslie et
al. (2005) found that regional primary production
influenced barnacle growth and reproductive output
but had little apparent impact on recruitment. To -
gether these examples indicate that variation in input
into the larval pool can drive variation in connectivity
and illustrate the need to incorporate variation in
 larval pool input into models of marine population
connectivity. They also illustrate the need for a mech-
anistic understanding of the forces generating varia-
tion in adult input into the larval pool; in the study
by Smith et al. (2009), recruitment was correlated
with upstream adult biomass, while in Hughes et
al. (2000) adult abundance only explained 1.2% of
the variation in recruitment and fertility accounted
for 72% of the variance.

A striking commonality between this study and
those by Hughes et al. (2000), Smith et al. (2009),
Reed et al. (2009), and Burrows et al. (2010) is that in
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all cases, a significant relationship was found be -
tween adult inputs into the larval pool and recruit-
ment, even though these studies placed little empha-
sis on measuring, or even identifying, the other
forces that potentially shape population connectivity
between larval release and recruitment. Overall,
input into the larval pool plays a key role in popula-
tion connectivity, as it provides the initial starting
conditions for subsequent modification by other fac-
tors (physical transport, mortality, behavior). Realistic
variation in larval pool input needs to be incorpo-
rated into existing models of population connectivity
to understand the magnitude of the signal generated
by these other factors and their relative effect on the
density of larvae inputted by adults and subsequent
connectivity in populations.
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