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In a stimulating paper, Lyons et al. (2014) reported
results from meta-analyses on effects of bloom-forming
seaweeds on ecosystem properties, emphasizing the
importance of these impacts in coastal ecosystems. The
main conclusions were that (i) effects of seaweeds were
‘highly variable’ and (ii) marine invertebrates were ‘par-
ticularly sensitive to blooms, suffering reductions in their
abundance, species richness, and diversity’. However,
Lyons et al. did not test in detail what ecological mech-
anisms might have caused variable effects, for example
by linking effect sizes to functional (Thomsen et al.,
2014) or neutral (e.g., abundance in space and time)
(Powell et al., 2011) attributes of independent and
dependent variables. We reanalyzed Lyons ef al.’s data
on invertebrate effects (cf. online Table S1) and show
that (i) their data pooling canceled out important con-
trasting effects that only become evident when ecologi-
cal functions of the independent (seaweeds) and
dependent (invertebrates habitat affinity) variables
were matched; and (ii) an additional test of density-
dependency suggests that effects on invertebrates
increase with increasing seaweed abundances.

First we tested if effect sizes differed when inverte-
brates were sampled primarily below the seaweed
(mainly infauna) or also included the seaweed structure
itself (mainly epifauna) (Gribben et al., 2013). We
hypothesized that hypoxic sediments, smothered filter-
feeding and interception of propagules would inhibit
the fauna below the seaweed (Gamenick et al., 1996),
whereas provisioning of 3-dimensional habitat, food
and protection against predation and stress would facil-
itate epifauna (e.g., through direct facilitation or in hab-
itat cascades, Byers et al., 2012; Thomsen ef al., 2010).
Our analysis supported the functional-matching
hypothesis; experiments that only sampled the infauna
had a significant negative effect whereas experiments
that also sampled the seaweed structure had a signifi-
cant positive effect (Fig. 1a; Qiota = 63.59, df = 26,
P < 0.001). Second, we tested if effect sizes were den-
sity-dependent. We hypothesized that effects on
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(mainly) epifauna would increase with increasing
abundance of seaweeds because more seaweeds pro-
vide more 3-dimensional habitat, food and protection
against predation and stress. Our analysis supported
the density hypothesis; all four experiments that tested
if seaweed density affected epifauna found more inver-
tebrates in the ‘high’ than low’ seaweed treatments (cf.
online Table S1, footnote 2 for details). A formal analy-
sis, calculating the percent difference in invertebrate
abundances between the high and low seaweed treat-
ments, showed that 176% more invertebrates were
found in the high compared to the low seaweed levels
(Fig. 1b).

Our analysis demonstrated that bloom-forming
seaweeds can under certain conditions, like other
habitat-forming species, contribute to biodiversity and
ecological function. A key implication is that coastal
managers should expect both opposing (but partly
predictable) effects of bloom-forming seaweeds on local
organisms and processes (Gribben et al., 2013) as well
as density-dependency and therefore potentially also
threshold-responses and tipping points (Andersen
et al., 2009). We finally conclude that meta-analyses that

(a) Functional-matching  (b) Density-dependency
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Fig. 1 Meta-analyses testing hypotheses of functional-matching
(a) and density-dependency (b), showing Hedges g effect sizes
with 95% bias-corrected confidence limits. (a) Bloom-forming
seaweeds had negative effects on fauna sampled ‘Below’ the
seaweed (mainly infauna, n = 18) but positive effects on fauna
from samples that ‘Included’ the seaweed structure itself
(mainly epifauna; n = 9). (b) Abundances of fauna from samples
that included the seaweed structure were 176% higher in ‘High’
compared to ‘Low’ seaweed treatments (1 = 4). See online Table
S1 for details.
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target specific ecological hypotheses promotes more
nuanced conclusions about effect sizes.
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Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Table S1. Hedge's g effect sizes used in the analyses for
functional matching and density dependency (extracted
from Figure S3.5 in 1). To ensure causality between sea-
weeds and responses, only manipulative experiments were
included. Effect sizes (ES#) 1-18 and 1927 were classified as
samples collected ‘below the seaweed’ or ‘including the sea-
weed structure itself’, respectively. Meta-analyses were con-
ducted in Meta-win 2.0 following the procedures of
Thomsen et al. (2); i.e., we interpreted factorial and nested
experiments as multiple independent experiments, com-
pared the most extreme contrast from multiple-density
experiments, calculated bias-corrected confidence limits,
and ran unweighted analyses. See footnotes for further
details.
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