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The clonal seaweed Chondrus crispus as a foundation species
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The clonal seaweed Chondrus crispus (Rhodophyta, Gigartinales) forms extensive stands at low intertidal elevations on 

wave-sheltered rocky shores of the North Atlantic. This study investigates if this bushy alga acts as a foundation species in 

such habitats. The abundance (percent cover) of C. crispus, all other algae, and invertebrates was measured in 390 quad-

rats spanning 350 km of coast in Nova Scotia, Canada. In these low-intertidal habitats, fucoid algae are the largest organ-

isms and can form extensive canopies, but their cover was unrelated to benthic species richness and to C. crispus cover. 

Species richness, however, increased with C. crispus cover from low to intermediate cover values, showing little change 

towards full C. crispus cover. Species composition (a combined measure of species identity and their relative abundance) 

differed between quadrats with low (0-1%) and high (60-100%) cover of C. crispus. High C. crispus cover was associated to 

more invertebrate species but fewer algal species than low C. crispus cover. However, the average abundance of algal and 

invertebrate species occurring in both cover groups was often higher under high C. crispus cover, contributing to a higher 

average richness at the quadrat scale. Overall, only 16% of the observed variation in species richness was explained by C. 

crispus cover. Therefore, this study suggests that C. crispus acts as a foundation species but with a moderate influence.
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INTRODUCTION

Foundation species are organisms that create habitats 

by providing substrate through their body structures and 

that modify local environmental conditions (Altieri and 

van de Koppel 2014). Through those mechanisms, foun-

dation species influence the richness (number of species) 

and composition (a combined measure of the identity 

and relative abundance of species) of local communi-

ties. Terrestrial examples of foundation species are alpine 

plants, which protect smaller plants from wind and cold 

stress (Ballantyne and Pickering 2015), bromeliads, which 

host microfauna in rainwater-filled phytotelmata (Ham-

mill et al. 2015), and trees, which alter microclimates and 

host fungi, lichens, plants, and animals on trunks and 

branches (Thomas and Packham 2007, Bäcklund et al. 

2016, Dislich and Mantovani 2016). In marine intertidal 

habitats, mussels and barnacles can limit local abiotic 

stress through their shells and serve as complex substrate 

for colonization, increasing local richness (Harley and 

O’Riley 2011, Arribas et al. 2014). Intertidal seaweed can-

opies can increase local richness by limiting understory 

abiotic stress during low tides (Watt and Scrosati 2013a) 

and by providing habitat for epiphytic algae and inverte-

brates (Johnson and Scheibling 1987, Longtin et al. 2009, 

Jones and Thornber 2010).

The seaweed Chondrus crispus Stackhouse (Rho-

dophyta, Gigartinales) is a common species at low inter-

tidal elevations on cold-temperate North Atlantic shores 

(Lubchenco and Menge 1978, Scrosati and Heaven 2007, 
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affect species richness or composition, likely because 

fucoid algae have little environmental influences during 

the short low tides that characterize low elevations (Watt 

and Scrosati 2013a, 2013b). Using the data published by 

Watt and Scrosati (2014), it can also be shown that fucoid 

algal cover was also unrelated to the cover of C. crispus at 

the low intertidal zone (r = 0.009, p = 0.862, n = 390 quad-

rats) (Fig. 1). However, C. crispus might still influence lo-

cal communities at the low intertidal zone, because its 

stands, despite being shorter than those of fucoid algae, 

are more compact and thus increase habitat complex-

ity (Fig. 2). Therefore, the two hypotheses of this study 

were tested using the data published by Watt and Scrosati 

(2014) only for the low intertidal zone.

Specifically, the data used for this paper describe the 

percent cover of all invertebrates and algae (including C. 

Hu et al. 2010). Because of its ecological and economic 

importance, it is a well studied species. Thus, knowl-

edge exists on its life cycle (Chen and McLachlan 1972), 

reproductive phases (Scrosati et al. 1994, Scrosati and 

Mudge 2004, Guidone and Grace 2010, Garbary et al. 

2011), biomechanics (Carrington et al. 2001), interspecif-

ic interactions (Lubchenco and Menge 1978, Lubchenco 

1980), cultivation (Chopin et al. 1999, Matos et al. 2006), 

and bioremediation potential (Corey et al. 2013). It is a 

clonal seaweed that can form extensive intertidal beds, 

as the holdfasts can grow across the substrate produc-

ing fronds (ramets) in high densities (McLachlan 1991). 

These dense stands can be considered as turfs (Connell 

et al. 2014). Therefore, this seaweed has the potential to 

act as a foundation species. However, little is known in 

this regard. For this reason, this paper examines how the 

abundance (cover) of intertidal C. crispus relates to the 

structure of associated communities. The first hypoth-

esis was that the species richness of the associated com-

munities would increase with C. crispus cover, as habitat 

complexity increases in that way (Matias et al. 2015). On 

the other hand, as species composition is more sensitive 

than richness to changes in habitat conditions (Heaven 

and Scrosati 2008), this study also tested the hypothesis 

that the composition of associated communities would 

change with C. crispus cover.

	

MATERIALS AND METHODS

This paper uses an existing dataset that describes the 

percent cover of intertidal species measured along 350 km 

of coastline between Taylor Head (44°48.79′ N, 62°34.26′ 
W) and Godie Point (45°36.69′ N, 60°49.19′ W), on the At-

lantic coast of Nova Scotia, Canada, in May 2008. The full 

dataset has been published by Watt and Scrosati (2014). 

The data were originally gathered to investigate the ef-

fects of the cover of fucoid algal canopies (Ascophyllum 

nodosum (Linnaeus) Le Jolis and Fucus spp.) on the spe-

cies richness and composition of benthic communities at 

the high (1-1.5 m of elevation above chart datum), middle 

(0.5-1 m), and low (0-0.5 m) intertidal zones of wave-shel-

tered rocky shores (Watt and Scrosati 2013b). C. crispus 

was absent at the high zone and rare at the middle zone 

(mean percent cover = 1%). However, at the low zone, C. 

crispus had a mean percent cover of ~20%, with a range of 

0-100% (Watt and Scrosati 2014), forming canopies that 

were only smaller than those of the fucoid algae, which 

covered all other species when abundant.

At the low intertidal zone, fucoid algal cover did not 

Fig. 2. Low intertidal zone viewed at low tide, showing Chondrus 
crispus (C) and fucoid algae (F). Scale bar represents: 15 cm.

Fig. 1. Lack of relationship between the percent cover of canopy-
forming fucoid algae (Ascophyllym nodosum and Fucus spp.) and the 
percent cover of Chondrus crispus.
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varied little (see results). Species composition was com-

pared between these two groups through a multivariate 

analysis of similarity (ANOSIM) based on Bray-Curtis dis-

tances among quadrats using fourth-root-transformed 

data to limit the influence of abundant species in the 

analysis (Clarke and Warwick 2001). The differences be-

tween both groups were visually summarized using non-

metric multidimensional scaling (NMDS). These analyses 

were done with PRIMER 6.1.11 for Windows (PRIMER-E, 

Lutton, UK).

	

RESULTS

A total of 69 species (25 algae excluding C. crispus and 

fucoid algae, one lichen, and 43 invertebrates) were iden-

tified on the studied coast (Table 1). The quadratic model 

relating the percent cover of C. crispus and the richness 

of associated species (AICc = 1,953.7) was better than the 

linear model (AICc = 1,969.3). The ratio between the val-

ues of weight of evidence for the quadratic (0.9995904) 

and linear (0.0004096) models indicated that the quadrat-

ic model was ~2,441 times more plausible than the linear 

model. Therefore, the quadratic function was used to ex-

amine the relationship (Fig. 3) between C. crispus cover 

(C) and species richness (S):

S = -0.00086C 2 + 0.11381C + 10.73588

This function predicts that species richness increases 

from a minimum value of ca. 11 species under 0% cover 

towards higher cover values, exhibiting signs of satura-

tion at intermediate cover values and reaching a peak of 

ca. 15 species under 66% cover, after which it decreases 

slightly towards 100% cover (Fig. 3). The adjusted R2 value 

crispus but excluding the fucoid algae) measured during 

low tides in 390 random quadrats (20 cm × 20 cm) using a 

metallic frame divided in 100 squares with monofilament 

line. For each quadrat, the percent cover of each spe-

cies was determined by counting the number of squares 

in which the species’ cover was 50% or more. If a spe-

cies was present in a quadrat, but covered less than 1% 

in total, its cover was recorded as 0.5%. Because fucoid 

canopies, whenever present, covered all other organisms, 

the percent cover of C. crispus and the associated spe-

cies was measured after carefully moving away the fucoid 

canopies. Organisms were identified with field guides 

(Gibson 2003, Martinez 2003, Sept 2008) and taxonomic 

keys (Pollock 1998, Sears 1998) to as low a taxonomic lev-

el as possible, as normally done in studies that evaluate 

primary producers and consumers (Valdivia and Molis 

2009, Golléty et al. 2011). As most of the encountered or-

ganisms were identified to the species level (Table 1), the 

text refers to species richness and composition for ease of 

presentation.

For each quadrat, the richness of associated species 

was calculated as the number of species (excluding C. 

crispus) found in the quadrat. The relationship between 

C. crispus cover and species richness was evaluated 

through linear and quadratic regression analyses (Sokal 

and Rohlf 2012). As the linear and quadratic models dif-

fer in number of parameters, the models were compared 

using their respective values of the corrected Akaike’s in-

formation criterion (AICc). Using both AICc values, the 

weight of evidence was calculated for each model. The 

plausibility of the quadratic model relative to the linear 

one was evaluated by calculating the evidence ratio, that 

is, the ratio between the weight of evidence for the qua-

dratic model and the weight of evidence for the linear 

model (Anderson 2008). Once the best of the two models 

(the one with the lowest AICc value) was identified, its ad-

justed squared correlation coefficient (R2) was calculated 

to determine the amount of variation in richness that 

could be explained by C. crispus cover (Sokal and Rohlf 

2012). These analyses were done with PRISM 6.0c for Mac 

OS (GraphPad, La Jolla, CA, USA).

Since species richness differed between stands with 

low and high cover of C. crispus (see results), species com-

position was compared between two groups that repre-

sented that difference well. The low-cover group included 

the quadrats that had 0-1% cover of C. crispus, intended 

to represent null to small C. crispus influences. The high-

cover group included the quadrats that had 60-100% cov-

er of C. crispus, intended to represent high C. crispus in-

fluences considering a cover range along which richness 

Fig. 3. Quadratic relationship between the percent cover of Chon-
drus crispus and the species richness of the associated communities.
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Table 1. Abundance of species at the low intertidal zone of wave-sheltered rocky shores in Nova Scotia under low (0-1%) and high (60-100%) 
percent cover of Chondrus crispus

Low cover of C. crispus 
(n = 110)

High cover of C. crispus 
(n = 37)

Algae
Bangia atropurpurea (Mertens ex Roth) C. Agardh 0.31 ± 0.21 0
Calothrix spp. < 0.01 0
Ceramium spp. 0.03 ± 0.01 0.15 ± 0.16
Chaetomorpha spp. 0 0.04 ± 0.02
Chordaria flagelliformis (O. F. Müller) C. Agardh 0.31 ± 0.23 0
Cladophora rupestris (Linnaeus) Kützing 0.18 ± 0.16 0.32 ± 0.17
Cladophora spp. 0.13 ± 0.09 0.07 ± 0.03
Corallina officinalis Linnaeus 0.58 ± 0.14 8.45 ± 1.73
Cystoclonium spp. 0.01 ± 0.01 0.09 ± 0.04
Devaleraea ramentacea (Linnaeus) Guiry 0.01 ± 0.01 0.03 ± 0.03
Dumontia contorta (S. G. Gmelin) Ruprecht 0.59 ± 0.29 0.32 ± 0.14
Elachista chondrii Areschoug 0 0.01 ± 0.01
Elachista spp. 0.05 ± 0.05 0
Hildenbrandia rubra (Sommerfelt) Meneghini 3.50 ± 0.69 0.54 ± 0.10
Laminaria digitata (Hudson) J. V. Lamouroux 0.01 ± 0.01 0
Lithothamnion glaciale Kjellman 1.75 ± 0.44 0.71 ± 0.24
Palmaria palmata (Linnaeus) Weber & Mohr 0.15 ± 0.15 0
Petalonia fascia (O. F. Müller) Kuntze < 0.01 0
Polysiphonia spp. 0.02 ± 0.02 0
Ralfsia spp. 0.09 ± 0.06 0
Rhodochorton purpureum (Lightfoot) Rosenvinge 0.10 ± 0.07 0
Rhodomela confervoides (Hudson) P. C. Silva 0.06 ± 0.05 0.14 ± 0.14
Scytosiphon spp. 0.05 ± 0.02 0
Spongomorpha aeruginosa (Linnaeus) Hoek 0 0.03 ± 0.02
Ulva lactuca Linnaeus < 0.01 0

Lichen
Verrucaria maura Wahlenberg 3.41 ± 0.67 0.59 ± 0.31

Invertebrates
Alcyonidium spp. 0 0.01 ± 0.01
Anomia simplex (d’Orbigny 1853) 0.04 ± 0.01 0.31 ± 0.05
Asterias rubens (Linnaeus 1758) 0.02 ± 0.01 0.28 ± 0.13
Astyris lunata (Say 1826) 0 0.04 ± 0.02
Bryozoa 0.07 ± 0.03 0.88 ± 0.33
Cancer irroratus (Say 1817) 0.04 ± 0.02 0
Carcinus maenas (Linnaeus 1758) 0.02 ± 0.01 0.09 ± 0.06
Clava multicornis (Forsskål 1775) 0.08 ± 0.02 0
Crenella glandula (Totten 1834) 0.02 ± 0.01 0.04 ± 0.02
Dynamena pumila (Linnaeus 1758) 1.17 ± 0.38 0.64 ± 0.12
Electra pilosa (Linnaeus 1767) 0 0.35 ± 0.11
Flustrellidra hispida (O. Fabricius 1780) 0.06 ± 0.02 0.38 ± 0.08
Gammarus spp. with biramous uropod 0.23 ± 0.02 0.24 ± 0.04
Gammarus spp. with uniramous uropod 0.16 ± 0.02 0.13 ± 0.04
Halacaridae 0.01 ± 0.01 0.01 ± 0.01
Halichondria (Halichondria) bowerbanki (Burton 1930) 0 0.16 ± 0.07
Halichondria (Halichondria) panicea (Pallas 1766) < 0.01 0.11 ± 0.06
Halisarca spp. 0.07 ± 0.07 0.27 ± 0.17
Harmothoe imbricata (Linnaeus 1767) 0 0.01 ± 0.01
Hiatella arctica (Linnaeus 1767) 0 0.03 ± 0.02
Idotea balthica (Pallas 1772) 0.03 ± 0.01 0.05 ± 0.02
Idotea phosphorea (Harger 1873) < 0.01 0.01 ± 0.01
Jaera marina (Fabricius 1780) 0.08 ± 0.02 0.16 ± 0.04
Lacuna vincta (Montagu 1803) 0.26 ± 0.02 0.44 ± 0.03
Leucosolenia botryoides (Ellis & Solander 1786) 0.01 ± 0.01 0.07 ± 0.03
Littorina littorea (Linnaeus 1758) 1.14 ± 0.15 1.09 ± 0.14
Littorina obtusata (Linnaeus 1758) 0.27 ± 0.02 0.14 ± 0.04
Margarites costalis (Gould 1841) 0.06 ± 0.01 0.27 ± 0.04
Membranipora spp. 0.04 ± 0.01 0.42 ± 0.06
Mytilus spp. 0.24 ± 0.02 0.15 ± 0.04
Nematoda 0.09 ± 0.02 0.18 ± 0.04
Nemertea 0 0.03 ± 0.02
Nucella lapillus (Linnaeus 1758) 0.39 ± 0.10 0.05 ± 0.03
Obelia spp. 0.30 ± 0.06 0.10 ± 0.04
Oligochaeta 0.03 ± 0.01 0.04 ± 0.02
Ophiopholis aculeate (Linnaeus 1767) 0 0.01 ± 0.01
Semibalanus balanoides (Linnaeus 1767) 2.60 ± 0.58 0.22 ± 0.07
Spirorbis borealis (Daudin 1800) < 0.01 0.04 ± 0.02
Spirorbis spirorbis (Linnaeus 1758) 0.22 ± 0.02 0.24 ± 0.04
Strongylocentrotus droebachiensis (O. F. Müller 1776) 0.02 ± 0.02 0
Testudinalia testudinalis (O. F. Müller 1776) 0.29 ± 0.03 0.26 ± 0.04
Tonicella rubra (Linnaeus 1767) 0 0.01 ± 0.01
Urosalpinx cinerea (Say 1822) 0.02 ± 0.01 0.01 ± 0.01

Values are presented as mean percent cover ± standard error.
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species from the species pool available at low elevations. 

A similar pattern was found for fucoid algal canopies at 

middle and high elevations, which is where fucoid cano-

pies influence local species richness (Watt and Scrosati 

2013a).

The community influence of C. crispus likely relates to 

its effects on abiotic stress and habitat complexity. During 

low tides, exposure to the air causes desiccation and ther-

mal stress in intertidal organisms (Raffaelli and Hawkins 

1999), but dense algal stands (like those of C. crispus) 

retain moisture and shade habitats at low tide, limiting 

such stresses (Hay 1981, Scrosati and DeWreede 1998, 

Guenther and Martone 2014, Smith et al. 2014, Fernández 

et al. 2015). Except for a few sessile invertebrates (barna-

cles, Semibalanus balanoides, and mussels, Mytilus spp.), 

intertidal invertebrates are often mobile and have little 

tolerance for low-tide stresses, suggesting that their oc-

currence could be enhanced in C. crispus stands. During 

high tides, dense stands of C. crispus limit water velocity 

within the stands, limiting hydrodynamic stress and pro-

viding a safer environment for mobile invertebrates than 

bare rock (Johnson 2001, Boller and Carrington 2006). Fi-

nally, C. crispus increases habitat complexity because its 

fronds are branched and occur in dense stands (McLach-

lan 1991) (Fig. 2). Such structures create environmental 

mosaics in small volumes, potentially allowing for small 

species with different niche requirements to coexist (Ma-

tias et al. 2015). In support of the above notions, the group 

of high-cover quadrats had six more invertebrate species 

than the group of low-cover quadrats. Moreover, 65% 

of the invertebrate species that occurred in both cover 

groups were more abundant under high cover (Table 1). 

Increases in invertebrate abundance with the stand bio-

mass of morphologically complex intertidal seaweeds 

have recently been described for polar shores (Martín et 

al. 2016).

The possible mechanisms discussed above might have 

less influence on the associated algae, as algae compete 

for substrate, light, and nutrients with C. crispus. In fact, 

the group of low-cover quadrats had, in total, nine more 

algal species than the group of high-cover quadrats (Ta-

ble 1). However, at the quadrat scale, such a difference 

did not prevent high-cover quadrats from having a higher 

average richness of associated species than low-cover 

quadrats. Moreover, of the algal species that occurred in 

both cover groups, 60% were more abundant under high 

C. crispus cover (Table 1). Therefore, it seems that, while 

a high cover of C. crispus may prevent some algae from 

being present, many algal and invertebrate species are 

actually favoured by high cover, contributing to a higher 

for the quadratic model was 0.156 (p < 0.001), indicating 

that 15.6% of the observed variation in species richness 

could be explained by changes in C. crispus cover.

In the group of quadrats with 0-1% cover of C. crispus, 

57 species (22 algae, one lichen, and 34 invertebrates) 

were identified, while 54 species (13 algae, one lichen, 

and 40 invertebrates) were identified in the group of 

quadrats with 60-100% cover (Table 1). Both cover groups 

shared 42 species (61%) of the total number encountered 

in this study (Table 1).

At the quadrat scale, species composition differed sig-

nificantly between low (0-1%) and high (60-100%) cover 

of C. crispus (ANOSIM, global R = 0.461, p < 0.001). The 

difference in composition between both cover groups 

was clearly revealed by NMDS ordination (Fig. 4).

	

DISCUSSION

This study suggests that the clonal seaweed C. crispus 

acts as a foundation species at low elevations in wave-

sheltered rocky intertidal habitats in Atlantic Canada. 

Its influence appears to be mild, however, because only 

15.6% of the observed variation in the richness of asso-

ciated species could be predicted from C. crispus cover. 

Moreover, the positive influence of cover was most evi-

dent only from low to intermediate cover values. From in-

termediate to high cover values, species richness changed 

little, showing a slight decrease towards full cover. Such 

a limited change in richness suggests that intermediate 

values of C. crispus cover allows for the occurrence of all 

Fig. 4. Non-metric multidimensional scaling summarizing the 
difference in species composition between quadrats with low (0-1%) 
and high (60-100%) percent cover of Chondrus crispus.
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would likely yield the same basic results. For example, 

the large-scale mensurative study that evaluated fucoid 

algal effects on intertidal communities (Watt and Scrosati 

2013b) was supported by a manipulative field experiment 

that asked the same question but could only be done at 

one location due to logistics (Watt and Scrosati 2013a). 

Large-scale mensurative studies like this one are valu-

able because they provide conclusions with a high degree 

of realism that are representative of a region of interest 

(Sagarin and Pauchard 2010).
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