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ABSTRACT: Modern extensions of the theory of island biogeography (TIB) posit that the slope of
the species—area relationship (SAR) reflects the insularity of ecological communities and is
strongly influenced by species’ motility. We explore the relative insularity of crustacean, echino-
derm and mollusk/Cirripedia assemblages in terms of both alpha diversity (species richness) and
assemblage structure (relative biomass of species). These taxa/groups differ in adult motility and
larval dispersal capacity. The habitats of interest were 10 offshore banks on the Scotian Shelf,
Northwest Atlantic Ocean, a region dominated by the NE- to SW-flowing Nova Scotia Current
(NSC). Banks in the NE tended to be larger, more heterogeneous, cooler, less saline, more reten-
tive and more productive (higher chlorophyll a) than those in the SW. Only mollusks/Cirripedia,
the least motile and dispersive group, had a significant SAR slope, supporting TIB. For crusta-
ceans and echinoderms, temperature/salinity properties and habitat heterogeneity, respectively,
were important predictors of alpha diversity. Inter-bank variation in crustacean assemblage struc-
ture was accounted for largely by bank location relative to the NSC; the leading variables ac-
counting for echinoderm and mollusk/Cirripedia assemblage structure were retention time and
mean annual chlorophyll concentration, respectively. Along the NE to SW axis of the NSC, there
was a substantial loss of species (7 crustacean, 9 echinoderm and 13 mollusk/Cirripedia species)
and decreases in the biomass of common cold-water species. A complex interplay of species motility/
dispersal capacity, local oceanography and habitat properties determine the extent to which (1)
TIB applies to submarine macroinvertebrate assemblages and (2) upstream and downstream
assemblages are interconnected.
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1. INTRODUCTION

MacArthur & Wilson's (1967) theory of island bio-
geography (TIB) posited that habitat area and spe-
cies richness should be positively related due to the
negative relationship between area and extinction
rate. Larger areas provide a greater variety of habi-
tats and enhanced resources, leading to larger popu-
lations of more species with a reduced risk of local
extinction. Empirical tests of this theory have been
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conducted across a broad range of ecosystems, in-
cluding oceanic islands, ponds, streams, forest frag-
ments, mesocosms and, most recently, submarine
habitats (e.g. Frank & Shackell 2001, Hachich et al.
2015, Stortini et al. 2018). Collectively, these studies
provided support for the TIB. Large variations in the
slope of the species—area relationship (SAR) have
been found across ecosystem types and taxa/species
groups (Drakare et al. 2006), stemming from species
traits, particularly those affecting mobility (De Bie et
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al. 2012, Franzén et al. 2012, Hachich et al. 2015, van
Noordwijk et al. 2015). Investigations of the role of
mobility in structuring insular communities have
focused principally on adult motility; little attention
has been paid to the role of passive larval dispersal
(but see De Bie et al. 2012). Many marine animals can
be passively transported by ocean currents during
early life stages (Frank 1992). With limited adult
motility, passive larval transport is a particularly im-
portant process for sustaining marine macroinverte-
brate populations.

In a meta-analysis of 794 SARs, Drakare et al. (2006)
found that SAR slopes varied significantly among
groups, habitat types, locations (mid- to high latitude,
45.5°S — 81.7°N), spatial scales (0.01-10 000 m?) and
with sampling schemes. While they found that SAR
slopes decrease in species with greater adult mobil-
ity, the range of slopes for macroinvertebrate groups
often overlapped those of more mobile species.
Hachich et al. (2015) found that, across 11 Atlantic
Ocean archipelagos/islands (4-7516 km?; 20°S -
40°N), the SAR slopes were greater for gastropods
and seaweeds than for fish. These results agreed
with findings from terrestrial systems, where higher
slopes reflected greater effective isolation (Triantis et
al. 2012). Given that there is a strong relationship
between pelagic larval duration and dispersal dis-
tance (Siegel et al. 2003, Puritz et al. 2017), we
explored the potential role of pelagic larval duration
(Supplement 1; Supplements 1 to 7 are available at
www.int-res.com/articles/suppl/m64 1p025_supp.pdf)
and adult motility in driving inter-group differences
in the relative insularity of macroinvertebrate assem-
blages in a large marine ecosystem. We addressed
this relative insularity from the perspective of TIB
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(SARs) and an investigation into the environmental
drivers of inter-bank variation of assemblage struc-
ture within taxa/ species groups with varying motility
and dispersal capacity.

For some assemblages of species, marine areas
such as banks, reefs and seamounts can often func-
tion as '‘islands’ within a seascape of various other
habitats (Rogers 1994, Dawson 2016, Meyer et al.
2016, Meyer 2017, Itescu 2019). Ocean currents
(which can transport passive particles such as larvae)
can play a significant role in connecting like habitats
and establishing similar assemblages of species
(Moritz et al. 2013). Variation in key habitat prop-
erties such as food availability, anthropogenic dis-
turbance, current speed, habitat heterogeneity and
temperature often leads to variation in assemblage
structure in spite of flow connectivity and the innate
dispersal capacity of marine organisms (Edgar et al.
2004, Mouquet et al. 2006, Rincén & Kenchington
2016, Ashford et al. 2019). With a strong along-shelf
current (NE-SW) potentially connecting the 10 off-
shore banks of the Scotian Shelf (SS; ranging in area
from 500 to 10500 km? on a ~122000 km? shelf be-
tween 43 and 46° N latitude; Fig. 1), we examined the
relative degree to which oceanographic flows and
physical habitat properties structured resident macro-
invertebrate assemblages.

The SS and its 10 offshore banks are recognized as
important and productive fishing grounds. For exam-
ple, between 1986 and 2003, annual average landings
of groundfish, invertebrates and small pelagics were
110000, 62000 and 125000 Mt, respectively (North
Atlantic Fisheries Organization landings statistics;
https://www.nafo.int/Data/STATLANT). The SS banks
are considered ecological hotspots characterized by
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Fig. 1. (a) Bathymetry of the Scotian Shelf, Northwest Atlantic Ocean (provided by the Canadian Hydrographic Service),

showing the 10 banks (<100 m). (b) Locations for all offshore (excluding the Bay of Fundy and Gulf of Maine) samples (tows)

undertaken during the annual summer Fisheries and Oceans Canada ecosystem survey, 2005-2017. Bank polygons are from
Doubleday & Rivard (1981)
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relatively high diversity and productivity at both
lower and upper trophic levels in comparison to sur-
rounding areas (zooplankton: Tremblay & Roff 1983,
McLaren & Avendano 1995, Frank & Shackell 2000;
macroinvertebrates: Rowell & Chaisson 1983, Rod-
dick & Lemon 1992, Shackell et al. 2013, Rincén &
Kenchington 2016; larval and adult fish: Frank &
Shackell 2001, Fisher & Frank 2002, Shackell & Frank
2003). These unique features of the banks have re-
sulted in specific management measures designed to
conserve commercially important species and habi-
tats, and involving spawning season closures, gear
restrictions and year-round fishery closures (Breeze
et al. 2002). It is therefore appropriate to consider the
banks as island-like assemblages for macroinverte-
brates and to evaluate their conformation to predic-
tions of the TIB as has been done in the past for the
SS banks’ fish assemblages (Frank & Shackell 2001,
Stortini et al. 2018).

By definition, the banks are relatively shallow
(Fig. 1), which contributes to their higher productiv-
ity. Average depths range from 60 to 90 m, while the
mean depth of surrounding waters is 142 m (maxi-
mum depth of surrounding waters exceeds 300 m).
Substrates on the banks range from silt, mud and sand
to gravel and cobbles, the latter in areas of strong
tidal flows (Kostylev & Hannah 2007). The nearest-
neighbor, maximum and average distance between
the centroids of the banks is 90, 640 and 280 km,
respectively. The mean circulation on the SS is dom-
inated by the Nova Scotia Current (NSC; representa-
tive current of 0.05-0.01 m s™%; 0-50 m
transport ~300000 m® s7!), which
enters the NE shelf and flows SWinto 44
the Gulf of Maine after approximately
2-3 mo (Fig. 2; Sutcliffe et al. 1976,
Chapman & Beardsley 1989). The
strong directionality of the NSC could
affect the dispersal of eggs/larvae and
connectivity among the banks, with a
greater potential for the NE banks to
seed those in the SW. A representative
time scale of transport to nearby banks
would be 10-20 d. Most of the flow
originates from the Gulf of St Law-
rence, but exchange with warmer,
more saline slope waters leads to in-
creasing surface and bottom tempera-
tures and salinities along its NE-SW
path. The deep (approximately 150 m)
channel (‘The Scotian Gulf') between
Emerald and LaHave Banks is the
main conduit of the onshore flow of

continental slope waters. The NSC is generally
stronger in the inner shelf (our Fig. 2; Brickman &
Drozdowski 2012) and, along with diffusive pro-
cesses and retentive gyres (Loder et al. 1988, 2001,
Cong et al. 1996), drives particle transport, including
pelagic larvae (Suthers & Frank 1991, Frank 1992,
Reiss et al. 2000), within the mixed layer (0-25 m),
potentially connecting and/or isolating bank commu-
nities. Recirculation features (Loder et al. 1988, Cong
et al. 1996) act to retain larval fish on these banks and
thus contribute to population structuring at this scale
(Frank 1992).

The interaction of the NSC with the shelf topogra-
phy, as well as exchange and mixing processes lead
to different average temperatures, annual ranges of
temperatures, mean salinities and chlorophyll a (chl a)
concentrations over the banks. We examined the
roles of these habitat characteristics/gradients, as well
as bank area and habitat heterogeneity, in account-
ing for inter-bank variation of alpha diversity and as-
semblage structure of 3 taxa/species groups, namely
members of the phyla Crustacea, Echinodermata and
Mollusca (+ Cirripedia). We hypothesized that as-
semblages characterized by less motile species with
shorter larval durations (relative to current transport
[advection], bank separations and retention times),
would be more insular, have steeper SAR slopes and
be structured predominantly by local, physical habi-
tat properties due to a greater likelihood that individ-
uals will remain at or near their spawning location.
By extension, we hypothesized that assemblages with
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Fig. 2. Vector-averaged April-September currents (speed and direction indi-
cated by linear scale and arrowheads, respectively) for the inner and outer
shelf on the northeastern (ESS) and southwestern (WSS) halves of the Scotian
Shelf (SS); ESS and WSS delineations are based on North Atlantic Fisheries
Organization management units (Halliday & Pinhorn 1990). Current vectors
were based on 911 in situ, 0-30 m current meter observations (Supplement 1,

Table S1.2)
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greater motility and longer larval durations would be
more strongly interconnected and have weaker SARs.
These assemblages may be structured predominantly
by oceanographic habitat properties that could favor
or limit colonization of larvae on the banks.

To test these hypotheses for the 10 banks, we (1)
developed a detailed description of the physical and
oceanographic bank habitat properties as well as the
biomass distribution of the macroinvertebrate as-
semblages across the SS; (2) compared SAR slopes
among the 3 invertebrate groups; (3) assessed the
extent to which physical and oceanographic habitat
properties contributed to the variance in group-spe-
cific alpha diversity; and (4) assessed the extent to
which physical and oceanographic habitat properties
contributed to variability of group-specific assem-
blage structure based on the relative biomass of each
species.

2. DATA AND METHODS
2.1. Ecological data

Consistent protocols for the identification, record-
ing and quantification of invertebrates during the
Fisheries and Oceans Canada annual July—-August
Scotian Shelf Research Vessel surveys began in 2005
and continue to the present day (Tremblay et al.
2007, DFO 2017). This stratified random survey was
designed to sample representatively all depths
across the shelf for the purpose of monitoring com-
mercial stocks and ecosystem structure (survey
began for fish and some commercially harvested
invertebrates in 1970); ‘strata’ were defined as areas
with similar depths (refer to Fig. S1.2 in Supple-
ment 1). Individual strata are randomly sampled
using a Western IIA otter trawl with a 19 mm mesh
cod-end liner; the number of samples (‘tows' cover-
ing ~0.04 km?) per stratum is proportional to stratum
area (Fig. 1b; Doubleday & Rivard 1981). Macroin-
vertebrate species identities and species-specific
total live wet biomass (a proxy for abundance given
that some macroinvertebrates collected are colonial
habitat-formers) are recorded for each tow (Trem-
blay et al. 2007). When species identities are un-
known, biomasses are recorded at the genus, family
or order level. All data were extracted for the strata
corresponding to each bank (Fig. 1; Supplement 1,
Fig. S1.2) for the 2005-2017 time period. For all ana-
lyses involving diversity estimates and species com-
position, records not identified at least to the genus
level were removed; genus-level records were only

included if there were no records identified to the
species level within that genus. Polychaetes, jellies,
hydrozoans and cephalopods were excluded due to
limited and incomplete species identification. In all,
3781 of 8757 records (~43 %) were removed from the
larger invertebrate dataset (809 survey tows), leaving
a total of 82 species/genera (4976 records from 800
survey tows). We considered: (1) crustaceans (29 spe-
cies/genera of decapods), (2) echinoderms (27 spe-
cies/genera of Ophiuroides and Asteroides) and (3)
mollusks/Cirripedia (26 species/genera of gastropods,
bivalves and barnacles). Although barnacles are mem-
bers of the subphylum Crustacea, they were the only
locally recorded infraclass (Cirripedia) of crustaceans
with a sessile adult life stage; therefore, these ani-
mals were grouped with the mollusks.

2.2. Habitat properties of the banks

For each bank, we assembled physical and oceano-
graphic habitat data considered relevant to the macro-
invertebrate assemblages that were assessed, i.e.
those which could influence group-specific alpha di-
versity and biomass-weighted assemblage structure.
All data were extracted for the areas within the bank
boundaries defined by the Fisheries and Oceans
Canada annual summer ecosystem survey (Double-
day & Rivard 1981; Fig. 1). Further details regarding
the data sources, quantification and collinearity of all
habitat properties are provided in Supplement 1.

2.2.1. Physical habitat properties

Physical habitat properties included bank area and
habitat heterogeneity, both habitat properties pur-
ported to influence alpha diversity in MacArthur &
Wilson's (1967) TIB. Plan areas were calculated (km?)
using the stratum boundaries defined by Doubleday
& Rivard (1981) (Fig. S1.2 in Supplement 1). Habitat
heterogeneity (Williams 1964) is likely to interact
with bank area in driving patterns of group-specific
alpha diversity and assemblage structure. Habitat
heterogeneity for the 10 banks was characterized by
the standard deviation (SD) of depths recorded at
each survey tow from 2005 to 2017. For the SS, depth
SD is a good index of habitat heterogeneity because
of the strong correlation between depth and sedi-
ment type (Kostylev & Hannah 2007) and the associ-
ations of species distributions with preferred depth
ranges (Perry & Smith 1994). Banks with a larger
depth SD would have a greater number of depth cat-
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egories, and potentially a greater number of sedi-
ment types, which could permit the coexistence of
more species with different habitat preferences (e.g.
Mahon & Smith 1989), leading to a positive correla-
tion with alpha diversity.

2.2.2. Oceanographic habitat properties

Oceanographic habitat properties included posi-
tion of each bank's centroid relative to the NSC (dis-
tance to coast and distance along-shelf), measures of
physical retention time, upper ocean (0-50 m) tem-
perature and salinity, average bottom temperature,
annual range of bottom temperatures, mean annual
chl a concentration and mean peak (spring bloom,
April-May) chl a concentration.

The perpendicular distance of each bank's centroid
from the NE boundary of the shelf was measured to
provide an index of a bank's position along the path
of the NSC (Supplement 1). To account for differ-
ences of the NSC strength and other advective/diffu-
sive processes between the inner shelf and outer
shelf, and potential cross-shelf transport of larvae, we
also measured the perpendicular distance of each
bank's centroid from the coast (Supplement 1). Com-
bined, these 2 metrics quantify the distance between
bank centroids, and therefore the likelihood to share
propagules. Similarity of assemblage composition was
suspected to be highest on adjacent banks and to
reflect the dominant circulation in the NE to SW
direction.

Retention on the banks has been acknowledged as
an important process affecting population growth
(O'Boyle et al. 1984, Reiss et al. 2000). Cong et al.
(1996) found that retention times were generally less
than 15 d for the banks in March and April using a
time-varying 3D shelf circulation model driven
barotropically (constant with depth) by wind and
baroclinically (variable with depth) by a seasonally
averaged density field; the longest retention time
was for Emerald Bank. Loder et al. (1988) used drifter
data and ocean current meter data from 1979-1980
and April 1983 to March 1985 to estimate a retention
time of 9-12 d for Brown's Bank. We quantified
retention on all 10 banks using both a circulation
model based on advective processes (WebDrogue
v0.7, Hannah et al. 2000, 2001) and a method based
on bank equivalent radius, water density and
monthly current meter data (i.e. to account for both
advective and diffusive processes). Using both ap-
proaches, retention on a bank was measured as the
days after which only 37 % of the original particles/

dye remained within the boundaries of the bank (e-
folding time, the same measure used by Cong et al.
1996). There was a positive relationship between the
2 measures of retention for the 10 banks with 12 =
0.46 (Fig. S1.4). A composite measure of retention
was constructed as the average of the 2 measures,
expressed in units of SD, hereafter referred to as
‘retention’ and abbreviated as ‘Ret’ in figures.

Annual average temperature at the bottom and
surface (upper 50 m), annual range of bottom tem-
peratures and annual average surface (upper 50 m)
salinity were quantified using Fisheries and Oceans
Canada's CLIMATE database within the survey-
defined boundaries of the banks. Bottom tempera-
ture characterizes the adult habitat and its suitability
for settling larvae, while surface temperature influ-
ences survival, metabolism and growth rate of pelagic
larvae. Due to impacts of temperature on physiology
and survival (Portner 2002, Portner & Gutt 2016),
marine species distributions are often constrained by
species-specific temperature tolerances (Pinsky et al.
2013). Additionally, annual ranges of bottom temper-
atures were suspected to influence alpha diversity; a
bank with a wider range of temperatures throughout
the year may host a greater variety of species than
one with a small range because of temporal niche
partitioning (e.g. Shurin et al. 2010). The high
collinearity of surface and bottom temperatures and
surface salinity (Fig. S1.1) allowed the 3 variables to
be combined into a composite as the average of the 3
variables after normalizing, i.e. expressed in SD
units. This composite variable is hereafter referred to
as ‘'TS" or 'TS composite.’ The annual range of bottom
temperatures was not highly collinear with TS and
was considered independently.

Chl a concentration is a good indicator of food
availability for macroinvertebrates, which are mostly
filter-feeders, scavengers and detritivores. In fact, the
timing of spawning events for Pandalus borealis, a
locally abundant shrimp species, was found to coin-
cide with the spring bloom (Koeller et al. 2009). Fur-
ther, food availability has been identified as a signif-
icant driver of peracarid biodiversity in the Northwest
Atlantic in the vicinity of Flemish Cap and the Grand
Banks off Newfoundland (Ashford et al. 2019). We
hypothesized that banks with greater chl a (resource)
concentrations year-round would support larger pop-
ulations and possibly higher alpha diversity within
each group. Chl a concentrations vary substantially
with depth and location (Johnson et al. 2018). To de-
velop a long-term climatology of chl a, we extracted
all available in situ chl a concentration (mg m™) re-
cords from Fisheries and Oceans Canada's BIOCHEM
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database within the survey-defined boundaries of
the banks. Chl a concentrations were integrated
(averaged) from 0 to 60 m (the shallowest average
depth of the banks) for each bank; profiles were then
averaged to estimate the spring peak (maximum dur-
ing March-April) and the annual average depth-
integrated chl a concentration.

To illustrate the spatial productivity patterns of the
macroinvertebrate assemblages across the SS, we
compared the biomass of the 3 groups (including all
records, even those not identified to the genus level)
on the banks relative to the surrounding deeper re-
gions of the shelf; specifically, we calculated the
average biomass of crustaceans, echinoderms and
mollusks (+ Cirripedia) per survey tow across all bank
strata, and compared to the average across all non-
bank strata.

2.3. Hypotheses and conceptual model

The adult motility of the 3 species groups of inter-
est differ. Many crustacean species, including Amer-
ican lobster Homarus americanus and snow crab
Chionoecetes opilio, undergo seasonal migrations
(up to 200 km for H. americanus, Pezzack & Duggan
1986; 368 km for Gulf of St. Lawrence C. opilio, Biron
et al. 2008). Adult echinoderms, more sessile than
crustaceans, can exhibit ‘tumbling’ or ‘balling’ be-
havior, which allows them to exploit ocean currents
(up to 90 km d~!; Hamel et al. 2019). Typically, echin-
oderms such as members of the classes Asteroidea
(sea stars) and Ophiuroidea (brittle stars) can move
as quickly or more quickly than mobile mollusks
such as class Gastropoda (sea snails and slugs). Adult
mollusks and Cirripedia, the most sessile of the
groupings investigated, are typically attached to a
substrate (bivalves and barnacles) or move slowly
along the bottom (gastropods). To our knowledge,
tumbling or balling behavior has not been observed
in temperate mollusk species or in Cirripedia, but
members of the family Pectinidae (scallops) are
known to swim, using their adductor muscles, in
response to perceived threats (Caddy 1968, Winter &
Hamilton 1985, Manuel & Dadswell 1991). Given that
most mollusk and Cirripedia species are, on average,
sessile, we considered the group as a whole to be less
motile than echinoderms at the adult stage. There-
fore, we categorized the adult motility of the 3 groups
as high (crustaceans), medium (echinoderms) and
low (mollusks/Cirripedia).

Knowledge of the local season, duration and be-
havior of pelagic larval life stages of marine macroin-

vertebrates is limited (Miller et al. 2010, Palumbi
2003, Meyer 2017); studies of population connectivity
have largely been based on genetics (Shank 2010).
However, it is increasingly recognized that larval du-
rations can vary widely among species (Marshall &
Keough 2003, Bay et al. 2006, Shanks 2009), and that
oceanographic processes can play a significant role in
determining distance traveled despite species’ biology
(Baums et al. 2006, Shank & Halanych 2007, Shanks
2009, Young et al. 2012). We used larval duration esti-
mates available for macroinvertebrate species resi-
dent on the SS and similar temperate species from
other regions (see Table S1.7), as well as general
knowledge concerning the oceanographic processes
of the region to derive hypotheses about the transport
of macroinvertebrates among the SS banks. The
available data indicate that the longest larval dura-
tions (as high as 90-240 d) occur within the crustacean
group and the shortest durations (as low as 1-3 d) are
within the mollusk/Cirripedia group (Fig. 3). Hamel &
Mercier (1996) provided the only local estimate of lar-
val duration of 43-49 d within the echinoderm group
based on experimental results from the Gulf of St.
Lawrence for the common sea cucumber Cucumaria
frondosa. However, larval durations of some temperate
echinoderm species from other regions range from 14
to 155 d, overlapping both the upper range of mollusk/
Cirripedia larval durations and the lower range of
crustacean larval durations (Fig. 3; Table S1.7). Fur-
ther compilations of experimental and in situ estimates
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of larval durations for various mollusk/Cirripedia,
crustacean and echinoderm species in the Northeast
Pacific by Shanks (2009) also suggested that mol-
lusks/Cirripedia have the shortest (1-40 d), echino-
derms mid-range (14-50 d) and crustaceans the
longest (14-120 d) larval durations.

Larvae can be transported significant distances by
continental shelf currents. A passive particle in a
0.1 m s7! flow, typical of the inner SS (Fig. 2), could
move ~790 km in 91 d (mean of crustacean larval
duration estimates; Fig. 3), potentially transiting the
~700 km long shelf if cross-shelf transport, recircula-
tion and diffusive processes are ignored. Therefore,
we categorized crustaceans as having high larval dis-
persal capacity relative to the other 2 groups. With
larval durations averaging 22 d, corresponding to
190 km (~1/4 of the SS), and as short as 1 d (Fig. 3),
species in the mollusk/Cirripedia group were catego-
rized as having low larval dispersal capacity. In the
same currents, mollusk/Cirripedia larvae are more
likely to be retained at spawning sites (estimated
average e-folding retention times of 9-15 d for the SS
banks; Loder et al. 1988, Cong et al. 1996) or will only
reach nearby banks during 1 spawning season.
Echinoderms, with a mean larval duration intermedi-
ate to the other 2 groups (52 d, Fig. 3), might be trans-
ported 450 km (~2/3 of the SS); therefore, the echin-
oderms were categorized as having mid-range larval
dispersal capacity.

Southwest

Average flow

This assessment of larval dispersal capacity is sup-
ported by numerous studies from rocky intertidal
zones, subtidal zones, kelp forests, sandy beaches
and soft bottoms in the Northeast Pacific. These stud-
ies have suggested that sessile, hard-bottom species,
like many bivalves, are adapted for short-distance
dispersal and self-recruitment (reviewed by Grantham
et al. 2003). We did not consider the transport of
buoyant pelagic eggs because of data limitations;
however, combined passive transport of egg and lar-
val stages could lead to greater dispersal. Further,
the potential for intergenerational transport of spe-
cies could not be estimated, although the 13 years of
observations likely represent multiple generations of
species within each group.

For the 10 banks, compositional variability could
indicate the combined impact of along-shelf trans-
port (relative to larval durations) and environmental
filters (e.g. Cadotte & Tucker 2017) such as tempera-
ture, salinity and productivity. Our expectations for
the 3 groups are summarized in Fig. 4. With the dom-
inant NSC, the background of along-shelf gradients
in bank habitat properties (filters), and the relative
adult motility and larval dispersal capacities of spe-
cies groups, we expected the bank crustacean as-
semblages to be the most similar, followed by the
echinoderms, and lastly the mollusks/Cirripedia. If
crustacean larvae can transit the entire shelf in 1
spawning season and adults can move shelf-scale
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ences/tolerance and species interactions (Cadotte & Tucker 2017), could be important secondary determinants of species
composition and relative biomasses on the banks



32 Mar Ecol Prog Ser 641: 25-47, 2020

distances, differences in assemblage structure among
the banks should occur only when variations in habi-
tat properties strongly affect species’ abundances/
relative biomass through different tolerance and/or
competitive or predator-prey interactions. On the
other hand, short larval durations could prevent mol-
lusk/Cirripedia larvae from reaching even the most
proximate banks.

2.4. SARs

The SARs for each group were based on species
presence/absence records from the 2005-2017 sur-
veys. All records not identified to at least the genus
level were removed. The absence of clearly defined
asymptotes of species richness for 5, 3 and 5 of the 10
banks for crustaceans, echinoderms and mollusks/
Cirripedia, respectively, indicated that the group-
specific species richness of these banks has not yet
been completely sampled (Supplement 2). We there-
fore estimated all alpha diversity values using the
Jackknifel estimator (Smith & van Belle 1984). This
estimator accumulates species richness across ran-
domly selected tows and then adds an estimated
number of species that were likely undetected. The
estimated number of undetected species (a; %) is
based on the number of species that were sampled
only once during the selected period (a;, Eq. 1).
These are species that are either difficult to capture
or are at such low abundance as to be rarely ob-
served. Such species were most evident within the
mollusk/Cirripedia group (Supplement 3). Alpha
diversity was estimated as the cumulative number of
species (plus those undetected), as:

S. =50+{a1%} (1)

where S, is the estimated alpha diversity per cumula-
tive number of survey tows (n), S, is the number of
species observed per n, and a; is the number of spe-
cies only observed in 1 of n tows. Total alpha diver-
sity per bank, per regime, was calculated as the
cumulative S,, when n = N (total number of tows).
The sampling variance associated with estimates of
alpha diversity was calculated, according to Smith &
van Belle (1984), as:

2
where a; is the number of species observed only
once in N number of tows, and f; is the total number
of tows with ‘singleton’ species (i.e. those counted
in ay).

The bank-specific Jackknifel alpha diversity esti-
mates and bank areas were logo-transformed in SAR
models (see Supplement 2 Section 2.4 for 