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ABSTRACT: Kelp forests along the southwestern and west coasts of South Africa, dominated by the
species Ecklonia maxima and Laminaria pallida, are locally termed ‘the Great African Seaforest'.
They form 3-dimensional biogenic habitats that provide 4 distinct microhabitats — canopy, fronds,
stipe and holdfast —with the latter typically supporting the highest abundance and diversity of
associated macroinvertebrates. The macrofauna inhabiting kelp holdfasts in South Africa have
rarely been studied, resulting in a near complete lack of baseline data. In this study, macrobenthic
assemblages from 40 E. maxima holdfasts were examined over 2 marine ecoregions and 4 locations.
Macroinvertebrates were identified and counted for univariate and multivariate analyses using
family-level data. A total of 120 families from 9 phyla were identified and were generally dominated
by Arthropoda (48 families), Annelida (24 families) and Mollusca (23 families). Marine ecoregion had
no significant effect on composition of macroinvertebrate assemblages, whereas location had a sig-
nificant effect. There was no significant relationship between holdfast volume and macroinverte-
brate diversity or abundance, suggesting that other environmental and physicochemical factors are
important in determining community structure. This study serves as a baseline for future research
aimed at understudied holdfast macroinvertebrate communities in the Great African Seaforest.

KEY WORDS: Ecklonia maxima - Biodiversity * Kelp forest - South Africa - Taxonomy - Community
structure * Ecoregions

1. INTRODUCTION

Kelp forests are assemblages of large brown algae,
predominantly of the order Laminariales (Blamey &
Bolton 2018, Smale 2020). They are found along 25%
of coastlines globally (Wernberg et al. 2019), covering
an area of 49287 km? (Eger et al. 2023), dominating
rocky reefs in shallow temperate oceans and thriving
in cold, nutrient-rich waters (Teagle et al. 2017, Wern-
berg et al. 2019, Jayathilake & Costello 2020). In
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South Africa, kelp forests occur along the west and
southwest coasts from the Namibian border to De
Hoop, near Cape Agulhas, covering a distance of
approximately 1000 km, and extending across a third
of the South African coastline (Blamey & Bolton
2018). Two species of kelp dominate the southern
African ecosystem, colloquially referred to as ‘the
Great African Seaforest', i.e. Laminaria pallida Gre-
ville in J. Agardh 1848 and Ecklonia maxima (Osbeck)
Papenfuss, 1940 (Blamey & Bolton 2018).
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While global warming is causing declines in kelp
forest coverage in many regions globally (Krumhansl
et al. 2016), those along the South African western
coastline have increased in cover over recent decades
(Bolton et al. 2012, Reimers et al. 2014). Specifically,
E. maxima has increased in density and expanded
~70 km eastwards towards De Hoop (Bolton et al.
2012), possibly due to an increase in southeasterly
winds, leading to increased upwelling (Bolton et al.
2012), resulting in cooling of coastal water and a
higher influx of nutrients. It is likely that these expan-
sions may be reflected by expansions in associated
biota (Bolton et al. 2012), although this has not been
documented.

Kelp forests provide a wide range of biological ser-
vices and offer refuge for diverse assemblages of mar-
ine species (Teagle et al. 2017, Carbajal et al. 2022).
They also influence water flow, light levels and sed-
imentation (Smale et al. 2013), and support complex
trophic webs due to their high levels of primary pro-
ductivity (Dayton 1985). Ecosystem services provided
include fisheries production, carbon storage, coastal
protection and nutrient recycling (Blamey & Bolton
2018, Schoenrock et al. 2021, Eger et al. 2023). These
services, alongside education and recreation ser-
vices, are associated with high economic value,
including for fisheries, tourism and climate regula-
tion (Tegner & Dayton 2000, Bertocci et al. 2015, Ben-
nett et al. 2016, Bayley et al. 2021). The value of kelp
forests and associated rocky reefs in South Africa has
been estimated at ZAR 5.8 billion (USD 434 million)
per year, emphasizing their importance to

4 habitats (canopy, fronds, stipe and holdfast) are
each home to distinct assemblages of marine organ-
isms, with holdfasts known to support the most
diverse and abundant assemblages (Teagle et al. 2017,
Shunatova et al. 2018, Carbajal et al. 2022). Kelp hold-
fasts have a complex structure with many crevices
(Tuya et al. 2011, Teagle et al. 2017), thus providing
habitat and refuge for both smaller algae and numer-
ous marine invertebrate groups, such as polychaetes,
crustaceans, molluscs, echinoderms, sponges, bryo-
zoans and cnidarians (Anderson et al. 1997, Schoen-
rock et al. 2021, Velasco-Charpentier et al. 2021, Car-
bajal et al. 2022).

The diversity, abundance and distribution patterns
of macroinvertebrate species in kelp holdfasts have
scarcely been explored in South Africa, with only 3
studies to date, all focusing on E. maxima holdfasts
and all restricted to the Cape Peninsula (Fig. 1). These
studies examined the effect of depth and wave expo-
sure on holdfast-associated macroinvertebrates (Veli-
mirov et al. 1977), the trophic interactions within
holdfasts (Beviss-Challinor & Field 1982) and the
recruitment potential of kelps facilitated by holdfasts
(Anderson et al. 1997).

The composition of macroinvertebrate assemblages
in kelp holdfasts is thought to be influenced by sev-
eral environmental and physicochemical factors (re-
viewed in Teagle et al. 2017). These include turbidity
(Moore 1973), pollution (Sheppard et al. 1980, Smith
& Simpson 1993, Smith 2000), wave exposure (Bué et
al. 2020), geographic distribution (Anderson et al.

the national economy (Blamey & Bolton
2018). To properly manage kelp as an eco-
nomic resource and to preserve the eco-
system function of this biogenic habitat, it
is essential to fully understand the diver-
sity and ecological interactions associated
with kelp forests.

Kelp forests provide 3-dimensional bio-
genic habitats, which can be divided into 4
components: the canopy, fronds, stipe and
holdfast. Like a terrestrial forest canopy,
the canopy of a kelp forest is defined as
the space above and around the head and
fronds (Parker 1995). This definition
includes the structures themselves, the
epiphytes and the environment in which
the canopy is situated. The stipe supports
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Fig. 1. Four study locations (black circles) nested within 2 marine ecore-
gions along the southwestern and west coasts of South Africa. Oudekraal
(grey circle) is where previous studies on kelp holdfasts were undertaken
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2005a,b, Bué et al. 2020), rate of sedimentation
(Ronowicz et al. 2018) and depth (Velimirov et al.
1977, Smith 1996). Additionally, holdfast volume has
been shown to influence faunal diversity and abun-
dance, with larger volumes providing greater habitat
availability and hence supporting a richer fauna
(Sheppard et al. 1980, Ojeda & Santelices 1984, Thiel
& Vasquez 2000).

The South African coast can be divided into 4
inshore and 2 offshore marine ecoregions (Sink et al.
2012, 2019), 2 of which support extensive kelp beds
and hence are included in this study. The Agulhas
marine ecoregion, a warm-temperature marine ecore-
gion along the south coast, is characterized by moder-
ate nutrient levels and upwelling (Griffiths et al. 2010,
Sink et al. 2012), while the Southern Benguela marine
ecoregion, a cold-temperature ecoregion on the west
coast, experiences upwelling of cold, nutrient-rich
water (Sink et al. 2012). These 2 marine ecoregions
support different species assemblages (Awad et al.
2002, Criffiths et al. 2010, Sink et al. 2019), with the
Agulhas ecoregion being more diverse than the
Southern Benguela ecoregion. According to Sink et
al. (2012, 2019), Cape Point marks the boundary be-
tween the Southern Benguela and the Agulhas mar-
ine ecoregions, although some studies suggest that
this boundary might vary depending on the taxa con-
sidered (Awad et al. 2002, Griffiths et al. 2010). These
patterns might be reflected in the assemblages of
macroinvertebrates associated with kelp holdfasts,
but this has yet to be investigated.

The present study examines the biotic communities
associated with E. maxima holdfasts across the South-
ern Benguela and Agulhas marine ecoregions. The
objectives were to identify and quantify organisms
found within holdfasts from 4 locations (Fig. 1), 2 from
each ecoregion. The hypotheses were: (i) macroinver-
tebrate assemblages would differ between the 2 mar-
ine ecoregions, and (ii) there would be a significant
difference in macroinvertebrate assemblages between
individual locations, with the 2 southern sites har-
bouring higher biodiversity than the 2 western sites.

2. MATERIALS AND METHODS
2.1. Study locations

Ecklonia maxima holdfasts were collected from 4
locations along the southwest and west coasts of
South Africa (Fig. 1): two (Gansbaai and Miller's
Point) within the Agulhas and two others (Cosy Beach
and St Helena Bay) within the Southern Benguela

marine ecoregion. Cosy Beach is adjacent to Oudek-
raal on the west of Cape Point, where previous hold-
fasts were collected by Velimirov et al. (1977), Beviss-
Challinor & Field (1982) and Anderson et al. (1997).
Both marine ecoregions differ in temperature (Grif-
fiths et al. 2010, Sink et al. 2019), with the Agulhas
being warmer, with an average sea surface temp-
erature ranging from 14—18°C, and the Southern
Benguela being cooler, with an average of 12—14°C
(Smit et al. 2013). The Southern Benguela has intense
upwelling along the west coast, resulting in high pro-
ductivity supporting fisheries such as sardines, hake
and rock lobsters (Griffiths et al. 2010), while the
Agulhas has low productivity with fewer commercial
fisheries (Griffiths et al. 2010). E. maxima holdfasts
provide a sheltered environment (Velimirov et al.
1977), and even though South Africa has a high wave
energy coastline (Griffiths et al. 2010), kelp forests
dissipate high-energy waves, allowing for calm, low-
energy onshore environments.

2.2. Fieldwork

Ten adult holdfasts were sampled during low tides
from each of the 4 locations (n = 40) between March
and May 2022. Sampling sites were chosen to be
easily accessible and to reflect low wave energy,
where any incoming swell was dissipated by kelp
stands. Kelp holdfasts were collected from the center
of these stands. Although both Laminaria pallida and
E. maxima occur at each site, the sample stands at
Miller's Point and Cosy Beach were nearly monospe-
cific, while St Helena Bay and Gansbaai had mixed
stands. All stands were very dense, although this was
not quantified. Divers targeted stand-alone holdfasts,
which were collected by SCUBA or freediving at
depths of 2—5 m. Divers cut the stipe of the kelp with
a dive knife, then pried the holdfast from the rock
using a paint scraper and placed it immediately into
an individual plastic Ziploc bag. Upon surfacing, the
bag was labelled and placed in a dark cooler box until
further processing.

In the field laboratory, holdfasts were cut into
smaller segments, which were rinsed and shaken for
30 s in seawater to extract mobile invertebrates. The
seawater was then passed through a 500 pm mesh
sieve and the invertebrates were sorted into broad
taxonomic groups whilst still alive, prior to preserva-
tion in 70% ethanol. The remaining holdfast pieces,
with any encrusting invertebrates still attached, were
placed back into plastic Ziploc bags and frozen until
laboratory processing.
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2.3. Laboratory processing

Encrusting invertebrates, such as Porifera, Bryozoa
and Cnidaria (Hydrozoa), were removed from hold-
fast segments with tweezers. Thereafter, holdfast vol-
ume (ml) was determined by placing holdfast pieces
in a graduated cylinder containing a measured vol-
ume of water and measuring the water displacement.
Faunal samples were sorted using a stereo or com-
pound microscope and identified using regional
guides to various taxa, including Day (1969), Griffiths
(1976), Kensley (1978), Samaai & Gibbons (20095),
Branch et al. (2010), Milne & Giriffiths (2013), Emmer-
son (2016), Laird & Giriffiths (2016) and Olbers et al.
(2019). The World Register of Marine Species (www.
marinespecies.org) was used to verify scientific
names, and taxonomic experts were consulted where
available. To standardize specimen abundance, only
whole organisms and heads were counted. Encrusting
invertebrates were measured using wet weight (g). To
reconcile weight, a unit was assigned to the smallest
weight each for Porifera, Bryozoa and Cnidaria
(Hydrozoa). Weights were then divided by this unit
to provide a rank or count for the sake of statistical
analyses. Combining quantitative and semi-quanti-
tative analyses has been previously conducted for
kelp holdfast communities, and is used to reconcile
quantification of individual versus colonial organisms
(Anderson et al. 2005b).

2.4. Statistical analysis

Variation in macroinvertebrate assemblages within
kelp holdfasts was assessed using permutational anal-
ysis of variance (PERMANOVA) for multivariate anal-
ysis using PRIMER v6 software (Anderson 2001,
Christie et al. 2003, Anderson et al. 2005b, Clarke &
Gorley 2006). Although species-level identifications
are presented where possible, family-level identifica-
tion was used for all analyses. A total of 40 holdfasts
was used for the multivariate abundance data, and
species richness, Shannon-Wiener diversity index
and Pielou's evenness index were calculated for each
holdfast. The abundance data (number of organisms
and presence/absence), Shannon-Wiener diversity
and species richness were analyzed using a 2-factor
nested design with marine ecoregions (fixed, 2 marine
ecoregions) and locations (fixed, 4 locations nested
within marine ecoregion), with holdfast volume added
as a co-variable.

Multivariate abundance data were square-root trans-
formed using the Bray—Curtis similarity index. A non-

metric multidimensional scaling (nMDS) was applied
to visualize differences in macroinvertebrate assem-
blages across the 4 locations, including holdfast
volume as a co-variable. Where significant differ-
ences were found among locations, a pair-wise test
was performed (p < 0.05), using the square root of
the PERMANOVA test statistic, with 999 permuta-
tions of residuals under a reduced model. Monte
Carlo simulations were used to obtain p-values
(Anderson et al. 2005b). A similarity percentage
(SIMPER) analysis with a cut-off percentage of 90%
was also performed to determine which families con-
tributed most to dissimilarities between locations.
To determine the relationship between holdfast vol-
ume (ml) and total macrofauna abundance (number
of individual organisms), a Pearson's correlation test
was performed in R version 4.2.1 (R Core Team
2022).

3. RESULTS
3.1. Macroinvertebrate biodiversity

A total of 9742 individual invertebrates were
extracted from the 40 holdfasts dissected, and these
belonged to 120 families from 9 phyla (Table 1, see
Table S1 in the Supplement at www.int-res.com/
articles/suppl/b033p033_supp.pdf). Out of 147 mor-
photypes identified, less than 50% (67) were confi-
dently identified to species level, hence analyses
were conducted at family level as we were confidently
able to separate all individuals into separate families.
Nevertheless, a species list is presented in Table S2 in
the Supplement. Arthropoda was the most diverse
group in terms of number of families (48), followed by
Annelida (24), Mollusca (23), Echinodermata (11),
Cnidaria (6), Porifera (3), Platyhelminthes (2), Nema-
toda (2) and Bryozoa (1). When assessed by location,
the greatest number of families was identified from St
Helena Bay (62), followed by Gansbaai (58), Miller's
Point (56) and Cosy Beach (55) (Table S1).

The most abundant taxa, in terms of numbers of
individuals, were usually Polychaeta, followed by
Amphipoda, the only exception being at St Helena
Bay, where Amphipoda and Bivalvia were both more
abundant than Polychaeta (Table 1). Overall, 37% of
all individuals collected were Amphipoda and 28%
were Polychaeta, these 2 groups thus collectively
contributing 65% of all invertebrate numbers.

Among the encrusting (sessile) invertebrates, St
Helena Bay supported Porifera (2 families), Hydro-
zoa and Bryozoa (Table 2), while in Gansbaai only
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Table 1. Total macroinvertebrate abundance for major ‘taxa’ found at each of
the 4 study locations along the southwestern and west coasts of South Africa
(n = 10 holdfasts per location)

Phyla Major ‘taxa’ Gansbaai Miller's  Cosy  StHelena
Point Beach Bay
Echinodermata Asteroidea 1 3 - -
Ophiuroidea 27 128 263 114
Echinoidea 3 13 2 81
Crinoidea — 2 — —
Holothuroidea 1 1 7 2
Arthropoda Amphipoda 516 392 317 2376
Isopoda 39 84 53 226
Tanaidacea 15 103 19 368
Decapoda 31 50 6 2
Balanomorpha — — — 2
Cumacea 8 — — 3
Leptostraca — — — 6
Pycnogonida 2 — 7 —
Ostracoda 2 8 15 88
Mollusca Bivalvia 15 3 92 1201
Gastropoda 13 26 30 5
Polyplacophora 7 1 8 —
Annelida Polychaeta 844 620 606 684
Hirudinea 15 — — 2
Sipunculida 11 — — —
Platyhelminthes 1 — — 3
Nematoda 4 — — 39
Cnidaria Anthozoa 2 4 61 59
Total 1557 1438 1486 5261

Table 2. Wet weights (g) of encrusting invertebrates by family, found at each of
4 study locations along the southwestern coast of South Africa (n = 10 holdfasts
per location)

Phyla Families Gans- Miller's Cosy St Helena
baai Point Beach Bay
Porifera Chalinidae - — - 88.66
Callyspongiidae — — — 83.82
Coelosphaeridae  8.35 — - —
Cnidaria (Hydrozoa) Aglapheniidae — — — 9.38
Bryozoa Phidoloporidae - — - 1.68

Porifera (1 family) were present.
Miller's Point and Cosy Beach both
had no encrusting invertebrates pre-
sent (Table 2).

3.2. Diversity across ecoregions
and locations

Macroinvertebrate  assemblages
were not significantly different across
the marine ecoregions (Agulhas ver-
sus Southern Benguela, p 0.534)
(Table 3), and the nMDS plot (Fig. 2)
indicated an overlap in ordination be-
tween both marine ecoregions. How-
ever, a significant difference in macro-
invertebrate community assemblage,
Shannon-Wiener diversity, Pielou's
evenness and presence/absence was
observed between locations (Table 3,
p < 0.05). There was considerable
overlap between the macroinverte-
brate assemblages from Miller's Point
and Cosy Beach, while the Gansbaai
and Miller's Point samples were rel-
atively close in ordination, with all 3
locations clustering separately from St
Helena Bay (Fig. 2, Table 4). The pair-
wise comparison revealed no signifi-
cant differences in macroinvertebrate
assemblages between Gansbaai and
Miller's Point and between Miller's
Point and Cosy Beach (p > 0.05)
(Table 4).

The average relative abundances of
the various phyla at each site are
depicted in Fig. 3. Arthropoda were
the dominant group at Miller's Point
(44.3%) and St Helena Bay (56.27 %),
while Annelida dominated at Gans-

Table 3. PERMANOVA based on Bray—Curtis similarity on transformed abundance data, Shannon-Wiener diversity (SWD),
richness and presence/absence (P/A) data for all 'taxa’. df: degrees of freedom; MS: average of sum squares; M.E.: marine
ecoregion. Bold values represent significant differences

Abundance SWD Richness P/A
Source df MS Pseudo-F p(perm) Pseudo-F p(perm) Pseudo-F p(perm) Pseudo-F p(perm)
Holdfast volume 1 3189.3 1.2034 0.269 1.2034 0.269 1.0884 0.384 1.2782 0.171
Marine ecoregion 1 10714 0.97229 0.534 0.97229  0.534 1.032 0.523 0.97168 0.64
Location (M.E.) 2 10672 3.5383 0.002 3.5383 0.002 3.6703 0.001 5.9863 0.001
Residual 31 1633
Total 39
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Fig. 2. Non-metric multidimensional scaling plot comparing

macroinvertebrate assemblages across all 4 study locations

based on Bray—Curtis similarities of fourth-root transformed

abundance data (number of individual organisms). Brown rep-

resents the Agulhas marine ecoregion and blue represents
the Southern Benguela marine ecoregion

baai (54.12%) and Cosy Beach (40.79%).
Mollusca were most abundant at St

Helena Bay (22.1%). Echinodermata .~ 449
(18.3%) and Cnidaria (4.1%) were most S
abundant at Cosy Beach. Nematoda, § 80
Platyhelminthes and Porifera were only §
present at St Helena Bay and Gansbaai, 2 604
and made up less than 2% of the overall 3
relative abundance. Bryozoa were only '% 40
present at St Helena Bay (0.49%). Anne- &

lida appeared to decline in average abun- % 20
dance from warm to cool coasts (east to :%J 0

west), while Mollusca increased in abun-
dance along this gradient (Fig. 3).

St Helena Bay had the highest average
species richness (22.1 £ 4.2) and number
of total individuals (536.6 = 491.41), while
Miller's Point had the lowest (17.6 = 4.6
species and 143.8 =+ 33.7 individuals)
(Table 5). St Helena Bay also had the
lowest average Shannon-Wiener diversity
(1.88 £ 0.50) and Pielou's evenness (0.61 =
0.16), while Gansbaai had the highest
average Shannon-Wiener diversity (2.27 =

Table 4. Pairwise comparison test results comparing macro-
invertebrate assemblages at 4 study locations for all ‘taxa’.
The t-statistic represents the average difference ratio be-
tween samples, while the p-values are drawn from Monte
Carlo sampling. Bold values represent significant differences

Location comparison t p(MCQC)
Gansbaai vs Miller's Point 1.5119 0.067
Gansbaai vs Cosy Beach 1.9961 0.01
Gansbaai vs St Helena Bay 2.3446 0.004
Miller's Point vs Cosy Beach 1.285 0.176
Miller's Point vs St Helena Bay 1.9313 0.01
Cosy Beach vs St Helena Bay 2.2443 0.003

Helena Bay and all other locations (Table 6). St
Helena Bay samples were characterized by high
abundances of Amphipoda and Bivalvia (Table 1),
which supports this dissimilarity. Amphiuridae, a
family of Ophiuroidea (phylum Echinodermata), con-
tributed most to the dissimilarity between Cosy
Beach and Miller's Point and between Cosy Beach
and Gansbaai.

Annelida
Arthropoda
Bryozoa
Cnidaria

Echinodermata

Mollusca
Nematoda
Platyhelminthes

IN NIl NN N R

Porifera

Gansbaai

Miller's Point Cosy Beach St Helena Bay
Locations

Fig. 3. Average relative abundance (%) from abundance of major phyla for

each of the 4 study locations arranged from east to west. For Bryozoa, Porif-

era and Cnidaria (Hydrozoa), a unit was assigned to the smallest weight
and then the weight was divided by this unit to provide a ‘count’

Table 5. Mean (+SD) species richness, total number of individuals, Shannon-
Wiener diversity and Pielou's evenness for each of 4 study locations along

the southwestern coast in South Africa

0.29) and Miller's Point had the highest . . o

. . Location Species Total number Shannon- Pielou's

average Pielou's evenness (0.79 = 0.06). richness  of individuals Wiener evenness
In terms of dissimilarity, the Gammari-

o 4 CosyBeach ~ 17.9(5.4)  148.6 (60.0) 2.18 (0.30)  0.76 (0.07)

Arthropoda), and Mytilidae, a family of | Gob /o0 1756 (16 1438(337)  225(031) 0.79 (0.06)

Bivalvia (phylum Mollusca), contributed | Gangpaai 19.6 (4.4) 156.1 (61.1)  2.27 (0.29)  0.76 (0.07)
the most to the dissimilarities between St
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Table 6. Average dissimilarity of the top 5 families between
locations along the southwestern coast in South Africa

Location Average  Family Contribution
comparison dissimilarity (%)
Gansbaai 69.14 Gammaridae 6.4
vs. Miller's Point Syllidae 5.15
Terebellidae 4.64
Corophiidae 4.14
Sabellidae 4.08
Miller's Point 69.02 Amphiuridae 5.7
vs. Cosy Beach Sabellidae 4.78
Syllidae 4.75
Ampeliscidae 4.73
Nereididae 4.34
Miller's Point 79.40 Gammaridae 10.26
vs. St Helena Bay Mytilidae 5.22
Podoceridae 4.96
Tanaididae 4.17
Sabellidae 3.49
Gansbaai 69.73 Amphiuridae 7.66
vs. Cosy Beach Gammaridae 6.78
Syllidae 4.47
Corophiidae 4.15
Ampeliscidae 3.96
Gansbaai 74.09 Gammaridae 7.94
vs. St Helena Bay Mytilidae 5.35
Podoceridae 4.98
Tanaididae 4.71
Syllidae 4.49
Cosy Beach 77.40 Gammaridae 10.81
vs. St Helena Bay Mytilidae 5.46
Podoceridae 5.25
Tanaididae 5.2
Amphiuridae 4.44

3.3. Influence of holdfast volume on
macrofaunal diversity

Holdfast volume had no significant relationship
with total macroinvertebrate abundance (Pearson's
correlation coefficient: t = 0.15442, df = 38, r = 0.025,
p = 0.8781; Fig. 4a) or diversity (PERMANOVA:
pseudo-F = 1.2034, p = 0.269; Table 3, Fig. 4b). The
largest individual holdfast volume was measured at
Miller's Point (505 ml), it contained 174 individuals
and had a diversity index (H') of 2.64 (Fig. 4). The
lowest individual holdfast volume was observed at
Gansbaai (60 ml) and had 116 individuals, with an H'
of 2.06 (Fig. 4).

4. DISCUSSION

This study is the first to describe variations in
macroinvertebrate assemblages from Ecklonia max-

ima kelp holdfasts at different sites within the Great
African Seaforest. A total of 9 phyla were recorded,
which is comparable to the findings of several other
international studies on other kelps. Six major phyla
were found in Macrocystis pyrifera holdfasts from
southern Chile (Ojeda & Santelices 1984, Winkler et
al. 2017), 11 in Laminaria hyperborea holdfasts from
the northeast Atlantic (Teagle et al. 2018) and 15 in
E. radiata holdfasts from New Zealand (Anderson et
al. 2005b). Only 7 major phyla were identified from
E. maxima holdfasts in an earlier study in South Africa
(Velimirov et al. 1977), but that study sampled consid-
erably fewer holdfasts from a single site. Interest-
ingly, that study also failed to record any Annelida,
whereas Annelida were a major contributing phylum
to the abundance and diversity of the fauna in the
present study. The reason for this disparity is unclear,
but could be a function of sampling technique, or
methods of sample processing.

Ecklonia maxima holdfasts were clearly demon-
strated to have a diverse macroinvertebrate assem-
blage comparable to those found in other biogenic
marine habitats studied in South Africa (Table 7).
Although not as diverse as the seagrass and algal turf
communities found in northern KwaZulu-Natal on
the east coast (Browne et al. 2013, Milne & Giriffiths
2014), these holdfast communities have a higher spe-
cies richness than other kelp microhabitats (Allen &
Griffiths 1981, Lindberg et al. 2020), as well as ascid-
ian and mussel beds (Fielding et al. 1994, Hammond &
Griffiths 2004).

4.1. Implication of recording diversity at
family vs species level

Taxonomic sufficiency includes the identification
of organisms to the level of taxonomic resolution that
is necessary to retain important information about
assemblages exposed to environmental stress or
changes in biodiversity (Ellis 1985). Many studies use
operational taxonomic units or morphospecies rather
than named species (Balmford et al. 2000, Cabeza &
Moilanen 2001). In the present study, organisms were
identified to species level where possible (Table S2),
but this was challenging due to time and equipment
constraints, and because taxonomic knowledge of
South African invertebrates remains generally incom-
plete, outdated or scattered across the literature. This
lack of baseline taxonomic knowledge, expertise and
comprehensive guides forms a major challenge for
conducting biodiversity surveys in systems such as
the Great African Seaforest. This unsolved problem
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has long been identified (Gibbons et al.
1999, Griffiths et al. 2010).

As aresult, we were not always confident
in the accuracy of our species identifica-
tions across the wide range of taxa
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examined, and hence restricted our analy-
sis to family-level identifications, which
could be made with confidence. Terlizzi et
al. (2009) investigated the implications of
using different taxonomic resolutions in
identifying spatial patterns in various
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hard-bottom substrate habitats (holdfasts
included). They found that family-level
patterns follow species-level patterns. Fur-
thermore, family-level identification can
be used to identify significant changes,
particularly in holdfasts (Anderson et al.
2005a). Volvenko et al. (2023) also empha-
sized that species richness can be assessed
using higher taxonomic levels, such as
family level, as species and supraspecies
are strongly correlated. The authors dis-
cuss the importance of reporting supra-
species analyses in understudied habitats,
especially where a complete species iden-
tification is not possible. However, it is
possible that higher levels of taxonomic
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Fig. 4. Relationships between holdfast volume (ml) and (a) total macroin-
vertebrate abundance and (b) Shannon-Wiener diversity (H') for each
holdfast from all 4 study locations (n = 10 per location). Brown repre-
sents the Agulhas marine ecoregion and blue represents the Southern

Benguela marine ecoregion

resolution (species rather than families)
could have shown a difference in species
diversity across ecoregions, as families
could be consistent and numbers of spe-
cies within these families could be very dif-
ferent between locations. Specifically, spe-
cies numbers within these families might
be greater in the east (Agulhas) than in the

Table 7. South African biogenic habitats and their associated macrofauna species diversity

Holdfast of E. maxima

Southwestern and west
coasts, Western Cape

> 146 species,
9 phyla

Arthropoda, Annelida,
Mollusca

Habitat type Location Taxa present ~ Dominant groups Reference

Mussel beds of Mytilus ‘West coast, 35 species Arthropoda, Polychaeta, Hammond & Griffiths

galloprovincialis South Africa Gastropoda (2004)

Solitary ascidian beds Durban, 83 species, Annelida, Arthropoda, Fielding et al. (1994)

of Pyura stolonifera KwaZulu-Natal 10 phyla Nemertea, Mollusca

Seagrass beds of Thalas- Sodwana, 230 species, Arthropoda, Annelida, Browne et al. (2013)

sodendron leptocaule KwaZulu-Natal 8 phyla Mollusca

Algal turfs Sodwana, 314 species, Arthropoda, Annelida, Milne & Griffiths
KwaZulu-Natal 4 phyla Mollusca, Echinodermata (2014)

Canopy and stipe of False Bay and Oude- 81 species, Arthropoda, Mollusca, Lindberg et al. (2020),

Ecklonia maxima kelp kraal, Western Cape 11 phyla Polychaeta Allen & Ciriffiths (1981)

Present study
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west (Southern Benguela), and this might be respon-
sible for our unexpected result of similar diversity
levels between these ecoregions.

4.2. Variation across ecoregion

Marine ecoregions appear to have no significant
effect on family-level macroinvertebrate assemblages
found in E. maxima holdfasts (Table 3); therefore,
Hypothesis (i) (macroinvertebrate assemblages would
differ significantly between the 2 marine ecoregions)
was rejected. Generally, temperature is a major driver
of marine species distribution at large spatial scales
(Tittensor et al. 2010, Waldock et al. 2019, Bué et al.
2020) and across seasons (Winkler et al. 2017). Both
the Agulhas and Southern Benguela marine ecore-
gions differ in temperature (Griffiths et al. 2010), with
Cape Point being the break point between these
ecoregions (Leliaert et al. 2000, Sink et al. 2012, 2019),
and with lower temperatures and fewer species on the
west of the Peninsula compared to the east (Leliaert et
al. 2000, Awad et al. 2002, von der Heyden 2009, Grif-
fiths et al. 2010). A higher taxonomic resolution in this
study might have provided a different result, as pre-
sented by Anderson et al. (2005a), who showed that
the effect of large spatial scales on macroinvertebrate
assemblages are less distinct with lower taxonomic
resolution. Also, several of the major groups associ-
ated with holdfasts (Amphipoda, Isopoda, Poly-
chaeta) are exceptions to the trend observed in the
biota as a whole, and rather display a diversity peak in
the cooler waters of the Western Cape (Awad et al.
2002).

4.3. Variation across location

Location did have a significant effect on macroin-
vertebrate assemblages (Tables 3 & 4); therefore,
Hypothesis (ii) (there would be a significant differ-
ence in macroinvertebrate assemblages between indi-
vidual locations) was accepted. St Helena Bay was the
most distinct location, having both the highest abun-
dance and the highest diversity of families (Table 4,
Fig. 2). This was unexpected, given that overall mar-
ine biodiversity tends to be lower along the west coast
(Awad et al. 2002). Based on this, it was expected that
the south coast sites, Miller's Point and Gansbaai,
would have a higher diversity than the west coast sites
(St Helena Bay and Cosy Beach).

All locations showed a significant difference in com-
munity assemblages, except for Gansbaai—Miller's

Point and Miller's Point—Cosy Beach (Table 4).
Miller's Point, located between Cosy Beach to the
west and Gansbaai to the east, exhibits similar macro-
invertebrate assemblages to both these sites, reflect-
ing its geographical position between them. The
dominant phyla at all 3 locations were Arthropoda
(mainly Amphipoda) and Annelida (mainly Poly-
chaeta) (Table 1, Fig. 3), the same dominant phyla
reported in similar studies elsewhere (Ojeda & Sante-
lices 1984, Smith et al. 1996, Thiel & Vasquez 2000,
Anderson et al. 2005b, Walls et al. 2016, Teagle et al.
2017).

The present study was designed to explore baseline
biodiversity of individual holdfasts, rather than to
conduct a large-scale analysis. However, our data do
reveal some large-scale variations, with the most
obvious being the distinct community assemblage of
St Helena Bay compared to the other 3 sites. Reasons
for this unexpected result, which should be explored
further, could relate to environmental pollution
events from the 1970s, or the frequent algal blooms,
which often cause walk-outs and mass mortalities in
this area (Shannon et al. 1982, Cockcroft 2001, Mou-
ton et al. 2012, Branch et al. 2013, Pitcher et al. 2014,
Ndhlovu et al. 2017).

4.4. Influence of holdfast volume

Holdfast volume sometimes plays a significant role
in determining holdfast diversity (Thiel & Vasquez
2000, Anderson et al. 2005b). However, in our study,
biodiversity and abundance did not increase with
holdfast volume (Table 3, Fig. 4). Christie et al. (2003)
also found that increases in L. hyperborea kelp hold-
fast volumes were not correlated to macrofauna diver-
sity, but that an increase in holdfast volume led to a
significant increase in macrofauna abundance. Our
study contradicts several studies that found a signifi-
cant relationship between holdfast volume and mac-
rofauna species diversity (Ojeda & Santelices 1984,
Smith et al. 1996, Thiel & Vasquez 2000, Anderson et
al. 2005b, Walls et al. 2016), possibly because hold-
fasts were not sampled across a wide enough size
range to demonstrate such a trend (if minute holdfasts
had been sampled, these would surely have had a
reduced faunal diversity).

It isworth noting that encrusting invertebrates typi-
cally reduce the available habitat for other organisms
in holdfasts, resulting in a decrease in biodiversity
(Anderson et al. 2005b, Fernandez et al. 2022).
However, this remains to be tested for E. maxima
holdfasts. In the present study, possibly because the
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encrusting invertebrates were only present in St
Helena Bay (n = 10, primarily attached to the outer
surface of the holdfasts) and Gansbaai (n = 2 hold-
fasts) (Table 2, Fig. 3), they did not lead to a corre-
sponding decrease in diversity at family level. Future
studies investigating this relationship should quan-
tify the coverage of encrusting organisms, rather than
within the holdfast crevices (C. Katharoyan, pers.
obs.). As encrusting invertebrates were solely detected
in St Helena Bay (n = 10 holdfasts) and Gansbaai (n =
2 holdfasts) (Table 2, Fig. 3), it is challenging to deter-
mine whether they could potentially affect the overall
biodiversity and volume relationship.

4.5. Unique species

From the 67 species identified, the role of E. max-
ima holdfasts in the Great African Seaforest can be
slightly better understood. An invasive species of iso-
pod, Limnoria quadripunctata, was documented at all
locations (Table S2). The previous known distribution
range of L. quadripunctata was between Table Bay
and Port Elizabeth (Robinson et al. 2005, Griffiths et
al. 2011), indicating that the species might have
expanded its western range from Table Bay to St
Helena Bay, or that it was previously overlooked.
The invasive mussel Mytilus galloprovincialis and
the native brown mussel Perna perna dominated
and co-existed at St Helena Bay, showing that hold-
fasts support both native and non-native marine
invertebrates.

At Miller's Point, an undescribed Amphipoda spe-
cies from the family Ampeliscidae was found (C. Grif-
fiths, pers. obs.). As the species did not taxonomically
match any other known species of Ampelisca (Grif-
fiths 1976), it was preliminarily identified and re-
corded as Ampelisca sp. (Table S2). Another unde-
scribed species in this study included an unknown
species of nudibranch (family Dorididae, genus Doris)
from St Helena Bay (G. Jones, pers. comm.). These 2
examples highlight the importance of documenting
holdfast communities, as it is highly likely that they
harbour many more undescribed species.

Furthermore, kelp holdfasts are known to act as
nursery habitats (Ojeda & Santelices 1984, Tegner &
Dayton 2000, Teagle et al. 2018), and the present
study showed that E. maxima holdfasts fulfil this role
for many species of Bivalvia, Echinodermata (such as
the sea wurchin Parechinus angulosus, the sea
cucumber Pentacta doliolum, and several Ophiuroi-
dea species) and Decapoda (such as the crabs Pilum-
nus minutus, Guinusia chabrus and Pilumnoides

rubus, hermit crabs Paguristes gamianus, rock lob-
sters Jasus lalandii and snapping shrimp Synalpheus
tumidomanus) (Table S2). This was also seen in M.
pyrifera holdfasts, where Echinodermata and Decap-
oda used holdfasts as refuges for reproduction and
protection of their young (Ojeda & Santelices 1984).

5. CONCLUSIONS

Holdfast communities display an abundant inverte-
brate fauna representing considerable taxonomic
diversity, making them much richer than other kelp
microhabitats. Although several taxa were common at
all sites, there were site-specific differences, with the
west coast displaying the highest richness and the
other 3 sites displaying a gradual change in richness
from west to east. However, it is unclear what drives
these differences. The low percentage of species
identified in our study highlights the importance of
continued biodiversity and taxonomic research
within this microhabitat. Future research on kelp
holdfast macrofauna assemblages could focus on a
single phylum and work at finer scales of resolution to
provide this much-needed baseline taxonomic infor-
mation. Building on this, larger-scale studies could
identify the ecology and interactions within holdfast
communities, as well as patterns and drivers of spe-
cies distribution within the Great African Seaforest.
As South Africa's kelp forests expand eastwards, our
research will allow us to monitor changes in kelp for-
est biodiversity and associated range shifts of macro-
invertebrates.

Acknowledgements. The authors are grateful to the following
people for their taxonomic expertise: Carol Simon, Georgina
Jones, Nelson Miranda, Nicole Martin, Liesl Janson, and
Clara Steyn. For assistance in field and laboratory work, the
authors acknowledge Gareth Fee, Rouane Brokensha, Zara
Prew, Faine Pearl, Barry Lewis, Aidan Bossert, Adri van Nie-
kerk, Sarah Ackland, Tegan Gibaud, Andrea Hoppe, Amber
Klassen, Joanne Peers and Kira Courtaillac. This study was
partially funded through the Sea Change Project with the
support of Keystone Grant 542 (1001 Seaforest Species) from
the Save Our Seas Foundation, as well as the NRF-FBIP
grant (grant number FBIS22101863331). A sampling permit
was obtained from SANParks (permit number CRC/2022—
002/2022-2023/V1).

LITERATURE CITED

#°Allen JC, Criffiths CL (1981) The fauna and flora of kelp bed

canopy. S Afr J Zool 16:80—84

]\( Anderson MJ (2001) A new method for non-parametric mul-

tivariate analysis of variance. Austral Ecol 26:32—46

]\'{ Anderson RJ, Carrick P, Levitt GJ, Share A (1997) Holdfasts

of adult kelp Ecklonia maxima provide refuges from graz-


https://doi.org/10.1080/02541858.1981.11447737
https://doi.org/10.3354/meps159265
https://doi.org/10.1111/j.1442-9993.2001.01070.pp.x

Katharoyan et al.: Macroinvertebrate diversity in kelp holdfasts

43

ing for recruitment of juvenile kelps. Mar Ecol Prog Ser
o 159:265-273
I Anderson MJ, Connell SD, Gillanders BM, Diebel CE, Blom
WM, Saunders JE, Landers TJ (2005a) Relationships
between taxonomic resolution and spatial scales of multi-
. Vvariate variation. J Anim Ecol 74:636—646
]‘iAnderson MJ, Diebel CE, Blom WM, Landers TJ (2005b)
Consistency and variation in kelp holdfast assemblages:
spatial patterns of biodiversity for the major phyla at dif-
ferent taxonomic resolutions. J Exp Mar Biol Ecol 320:
35—56
]%Awad A, Griffiths CL, Turpie J (2002) Distribution of South
African marine benthic invertebrates applied to the
selection of priority conservation areas. Divers Distrib 8:
. 129-145
A Balmford A, Lyon AJ, Lang RM (2000) Testing the higher-
taxon approach to conservation planning in a megadi-
verse group: the macrofungi. Biol Conserv 93:209—217
] Bayley DTI, Brickle P, Brewin PE, Golding N, Pelembe T
(2021) Valuation of kelp forest ecosystem services in the
Falkland Islands: a case study integrating blue carbon
., sequestration potential. One Ecosystem 6:€62811
A Bennett S, Wernberg T, Connell SD, Hobday AJ, Johnson
CR, Poloczanska ES (2016) The 'Great Southern Reef":
social, ecological and economic value of Australia's
neglected kelp forests. Mar Freshw Res 67:47—56
] Bertocci I, Aratjo R, Oliveira P, Sousa-Pinto I (2015) Poten-
tial effects of kelp species on local fisheries. J Appl Ecol
. 92:1216—1226
A Beviss-Challinor MH, Field JG (1982) Analysis of a benthic
community food web using isotopically labeled potential
food. Mar Ecol Prog Ser 9:223—230
] Blamey LK, Bolton JJ (2018) The economic value of South
African kelp forests and temperate reefs: past, present
and future. J Mar Syst 188:172—181
] Bolton JJ, Anderson RJ, Smit AJ, Rothman MD (2012) South
African kelp moving eastwards: the discovery of Ecklonia
maxima (Osbeck) Papenfuss at De Hoop Nature Reserve
on the south coast of South Africa. Afr J Mar Sci 34:
147—151
Branch GM, Giriffiths C, Branch ML, Beckley LE (2010) Two
oceans: a guide to the marine life of Southern Africa.
Struik Nature, Cape Town
] Branch GM, Bustamante RH, Robinson TB (2013) Impacts of
a 'black tide' harmful algal bloom on rocky-shore interti-
dal communities on the west coast of South Africa. Harm-
ful Algae 24:54—64
] Browne CM, Milne R, Griffiths CL, Bolton JJ, Anderson RJ
(2013) Epiphytic seaweeds and invertebrates associated
with South African populations of the rocky shore sea-
grass Thalassodendron leptocaule — a hidden wealth of
., biodiversity. Afr J Mar Sci 35:523—531
A Bué M, Smale DA, Natanni G, Marshall H, Moore PJ (2020)
Multiple-scale interactions structure macroinvertebrate
assemblages associated with kelp understory algae.
., Divers Distrib 26:1551—1565
A Cabeza M, Moilanen A (2001) Design of reserve networks
and the persistence of biodiversity. Trends Ecol Evol 16:
. 242-248
A Carbajal P, Salazar AG, Moore PJ, Pérez-Matus A (2022) Dif-
ferent kelp species support unique macroinvertebrate
assemblages, suggesting the potential community-wide
impacts of kelp harvesting along the Humboldt Current
System. Aquat Conserv 32:14—27
] Christie H, Jorgensen NM, Norderhaug KM, Waage-

Nielsen E (2003) Species distribution and habitat exploit-
ations of fauna associated with kelp (Laminaria hyperbo-
rea) along the Norwegian Coast. J Mar Biol Assoc UK 83:
687—699
Clarke K, Gorley RN (2006) PRIMER v6: user manual/tuto-
rial. PRIMER-E, Plymouth
] Cockcroft AC (2001) Jasus lalandii 'walkouts' or mass
strandings in South Africa during the 1990s: an overview.
Mar Freshw Res 52:1085—1093
Day JH (1969) A guide to marine life on South African
shores. AA Balkema, Cape Town
] Dayton PK (1985) Ecology of kelp communities. Annu Rev
Ecol Syst 16:215—245
] Eger AM, Marzinelli EM, Beas-Luna R, Blain CO and others
(2023) The value of ecosystem services in global marine
kelp forests. Nat Commun 14:1894
] Ellis D (1985) Taxonomic sufficiency in pollution assess-
ment. Mar Pollut Bull 16:459
Emmerson WD (2016) A guide, and checklist for, the Decap-
oda of Namibia, South Africa and Mozambique. Vol 3.
Cambridge Scholars Publishing, Cambridge
] Fernandez C, Pineiro-Corbeira C, Barrientos S (2022) Could
the annual Saccorhiza polyschides replace a sympatric
perennial kelp (Laminaria ochroleuca) when it comes to
supporting the holdfast-associated fauna? Mar Environ
Res 182:105772
Fielding PJ, Weerts KA, Forbes AT (1994) Macroinverte-
brate communities associated with intertidal and subtidal
beds of Pyura stolonifera (Heller) (Tunicata: Ascidiacea)
on the Natal coast. Afr J Mar Sci 29:46—53
Gibbons MJ, Abiahy BB, Angel M, Assuncao CML and
others (1999) The taxonomic richness of South Africa's
marine fauna: a crisis at hand. S Afr J Sci 95:8—12
Griffiths CL (1976) Guide to the benthic marine amphipods
of Southern Africa. South African Museum, Cape Town
] Criffiths CL, Robinson TB, Lange L, Mead A (2010) Marine
biodiversity in South Africa: an evaluation of current
states of knowledge. PLOS ONE 5:e12008
] Griffiths C, Robinson T, Mead A (2011) The alien and crypto-
genic marine crustaceans of South Africa. In: Galil B,
Clark P, Carlton J (eds) In the wrong place-alien marine
crustaceans: distribution, biology and impacts. Springer,
Dordrecht, p 269—282 https://doi.org/10.1007/9%8-94-
007-0591-3_8
] Hammond W, Giriffiths CL (2004) Influence of wave expo-
sure on South African mussel beds and their associated
., infaunal communities. Mar Biol 144:547—552
A Jayathilake DRM, Costello MJ (2020) A modelled global dis-
tribution of the kelp biome. Biol Conserv 252:108815
Kensley BF (1978) Guide to the marine isopods of Southern
Africa. South African Museum, Cape Town
] Krumhansl KA, Okamoto DK, Rassweiler A, Novak M and
others (2016) Global patterns of kelp forest change over
the past half-century. Proc Natl Acad Sci USA 113:
. 13785—13790
A Laird MC, Griffiths CL (2016) Additions to the South African
sea anemone (Cnidaria, Actiniaria) fauna, with expanded
distributional ranges for known species. Afr Invertebr 57
15—-37
] Leliaert F, Anderson RJ, Bolton JJ, Coppejans E (2000) Sub-
tidal understorey algal community structure in kelp beds
around the Cape Peninsula (Western Cape, South
., Alrica). Bot Mar 43:359—366
A Lindberg C, Griffiths CL, Anderson RJ (2020) Colonization of
South African kelp-bed canopies by the alien mussel


https://doi.org/10.1111/j.1365-2656.2005.00959.x
https://doi.org/10.1016/j.jembe.2004.12.023
https://doi.org/10.1046/j.1472-4642.2002.00132.x
https://doi.org/10.1016/S0006-3207(99)00140-8
https://doi.org/10.3897/oneeco.6.e62811
https://doi.org/10.1071/MF15232
https://doi.org/10.1111/1365-2664.12483
https://doi.org/10.3354/meps009223
https://doi.org/10.1016/j.jmarsys.2017.06.003
https://doi.org/10.2989/1814232X.2012.675125
https://doi.org/10.1016/j.hal.2013.01.005
https://doi.org/10.2989/1814232X.2013.864332
https://doi.org/10.1111/ddi.13140
https://doi.org/10.1016/S0169-5347(01)02125-5
https://doi.org/10.2989/1814232X.2020.1754908
https://doi.org/10.1515/BOT.2000.036
https://doi.org/10.3897/afrinvertebr.57.8459
https://doi.org/10.1073/pnas.1606102113
https://doi.org/10.1016/j.biocon.2020.108815
https://doi.org/10.1007/s00227-003-1210-9
https://doi.org/10.1007/978-94-007-0591-3_8
https://doi.org/10.1371/journal.pone.0012008
https://doi.org/10.1016/j.marenvres.2022.105772
https://doi.org/10.1016/0025-326X(85)90362-5
https://doi.org/10.1038/s41467-023-37385-0
https://doi.org/10.1146/annurev.es.16.110185.001243
https://doi.org/10.1071/MF01100
https://doi.org/10.1017/S0025315403007653h
https://doi.org/10.1002/aqc.3745

44 Aquat Biol 33: 33—45, 2024

Mytilus galloprovincialis— extent and implications of a
novel bioinvasion. Afr J Mar Sci 42:167—176
Milne R, Griffiths CL (2013) Additions to and revisions of
the amphipod (Crustacea: Amphipoda) fauna of South
Africa, with a list of currently known species from the
region. Afr Nat History 9:61—-90
] Milne R, Griffiths CL (2014) Invertebrate biodiversity associ-
ated with algal turfs on a coral-dominated reef. Mar Bio-
. divers 44:181—188
A Moore PJ (1973) The kelp fauna of Northeast Britain. IT. Mul-
tivariate classification: turbidity as an ecological factor.
J Exp Mar Biol Ecol 13:127—163
] Mouton M, Postma F, Wilsenach J, Botha A (2012) Diversity
and characterization of culturable fungi from marine sed-
iment collected from St. Helena Bay, South Africa.
., Microb Ecol 64:311-319
A Ndhlovu A, Dhar N, Garg N, Xuma T, Pitcher GC, Sym SD,
Durand PM (2017) A red tide forming dinoflagellate Pro-
rocentrum triestinum: identification, phylogeny and
impacts on St Helena Bay, South Africa. Phycologia 56:
., 649-665
A Ojeda FP, Santelices B (1984) Invertebrate communities in
holdfasts of the kelp Macrocystis pyrifera from southern
Chile. Mar Ecol Prog Ser 16:65—73
Olbers JM, Griffiths CL, O'Hara T, Samyn Y (2019) Field
guide to the brittle and basket stars (Echinodermata:
Ophiuroidea) of South Africa. ABC Taxa 19:1—-346
Parker GG (19995) Structure and microclimate of forest cano-
pies. Forest Canopies 1995:73—106
' Pitcher GC, Probyn TA, du Randt A, Lucas AJ, Bernard S,
Evers-King H, Hutchings L (2014) Dynamics of oxygen
depletion in the nearshore of a coastal embayment of the
southern Benguela upwelling system. J Geophys Res
119:2183—-2200
R Core team (2022) A language and environment for statisti-
cal computing. R Foundation for Statistical Computing,
. Vienna
M Reimers B, Griffiths CL, Hoffman MT (2014) Repeat photo-
graphy as a tool for detecting and monitoring historical
changes in South African coastal habitats. Afr J Mar Sci
. 36:387-398
A Robinson TB, Griffiths CL, McQuaid CD, Rius M (2005) Mar-
ine alien species of South Africa—status and impacts. Afr
., JMar Sci 27:297—306
ﬁ* Ronowicz M, Kuklinski P, Wlodarska-Kowalczuk M (2018)
Diversity of kelp holdfast-associated fauna in an Arctic
fjord —inconsistent responses to glacial mineral sed-
imentation across different taxa. Estuar Coast Shelf Sci
205:100—109
Samaai T, Gibbons MJ (2005) Demospongiae taxonomy and
biodiversity of the Benguela region on the west coast of
South Africa. Afr Nat History 1:1-96
#‘Schoenrock KM, O' Callaghan R, O'Callaghan T, O'Connor
A, Stengel DB (2021) An ecological baseline for Lam-
inaria hyperborea forests in western Ireland. Limnol
Oceanogr 66:3439—3454
] Shannon LV, Walters NM, Moldan AOS (1982) The mea-
surement of organic pollution of the sea using satellite
imagery. Water Sci Technol 14:1586—1587
] Sheppard CRC, Bellamy DJ, Sheppard ALS (1980) Study of
the fauna inhabiting the holdfasts of Laminaria hyperbo-
rea (Gunn.) Fosl. along some environmental and geo-
graphical gradients. Mar Environ Res 4:25—51
] Shunatova N, Nikishina D, Ivanov M, Berge J, Renaud PE,
Ivanova T, Granovitch A (2018) The longer the better: the

effect of substrate on sessile biota in Arctic kelp forests.
Polar Biol 41:993—1011
Sink KJ, Holness S, Harris L, Maijedt P and others (2012)
National Biodiversity Assessment 2011: Technical
Report. Vol 4: Marine and coastal component. South Afri-
can National Biodiversity Institute, Pretoria
Sink KJ, Harris LR, Skowno AL, Livingstone T and others
(2019) Marine ecosystem classification and mapping. In:
Sink KJ, van der Bank MG, Majiedt PA, Harris LR, Atkin-
son LJ, Kirkman SP, Karenyi N (eds) South African
National Biodiversity Assessment 2018. Technical Report
Vol 4: Marine realm. South African National Biodiversity,
., Pretoria
A Smale DA (2020) Impacts of ocean warming on kelp forest
ecosystems. New Phytol 225:1447—1454
] Smale DA, Burrows MT, Moore P, O'Connor N, Hawkins SJ
(2013) Threats and knowledge gaps for ecosystem ser-
vices provided by kelp forests: a northeast Atlantic per-
spective. Ecol Evol 3:4016—4038
] Smit AJ, Roberts M, Anderson RJ, Dufois F and others (2013)
A coastal seawater temperature dataset for biogeograph-
ical studies: large biases between in situ and remotely-
sensed data sets around the coast of South Africa. PLOS
ONE 8: p.e81944
] Smith SD (1996) The effects of domestic sewage effluent on
marine communities at Coifs Harbour, New South Wales,
., Australia. Mar Pollut Bull 33:309—316
A Smith SD (2000) Evaluating stress in rocky shore and shallow
reef habitats using the macrofauna of kelp holdfasts.
J Aquat Ecosyst Stress Recovery 7:259—272
] Smith SDA, Simpson RD (1993) Effects of pollution on holdfast
macrofauna of the kelp Ecklonia radiata: discrimination at
different taxonomic levels. Mar Ecol Prog Ser 96:199—208
] Smith SDA, Simpson RD, Cairns SC (1996) The macrofaunal
community of Ecklonia radiata holdfasts: description of
the faunal assemblage and variation associated with dif-
_ ferencesin holdfast volume. Aust J Ecol 21:81—-95
A Teagle H, Hawkins SJ, Moore PJ, Smale DA (2017) The role
of kelp species as biogenic habitat formers in coastal mar-
ine ecosystems. J Exp Mar Biol Ecol 492:81—-98
] Teagle H, Moore PJ, Jenkins H, Smale DA (2018) Spatial var-
iability in the diversity and structure of faunal assem-
blages associated with kelp holdfasts (Laminaria hyper-
., borea) in the northeast Atlantic. PLOS ONE 13:0200411
A Tegner MJ, Dayton PK (2000) Ecosystem effects of fishing in
kelp forest communities. J Mar Sci 57:579—589
] Terlizzi A, Anderson MJ, Bevilacqua S, Fraschetti S,
Wtlodarska-Kowalczuk M, Ellingsen KE (2009) Beta
diversity and taxonomic sufficiency: Do higher-level taxa
reflect heterogeneity in species composition? Divers Dis-
., trib15:450—458
A Thiel M, Vasquez JA (2000) Are kelp holdfasts islands on the
ocean floor? Indication for temporarily closed aggrega-
tions of peracarid crustaceans. Hydrobiologia 440:45—54
] Tittensor DP, Mora C, Jetz W, Lotze HK, Ricard D, Berghe
EV, Worm B (2010) Global patterns and predictors of
marine biodiversity across taxa. Nature 466:1098—1101
] Tuya F, Larsen K, Plat V (2011) Patterns of abundance and
assemblage structure of epifauna inhabiting two morpho-
logically different kelp holdfasts. Hydrobiologia 658:
. 373-382
N Velasco-Charpentier C, Pizarro-Mora F, Navarro NP, Val-
divia N (2021) Disentangling the links between habitat
complexity and biodiversity in a kelp-dominated subant-
arctic community. Ecol Evol 11:1214—1224


https://doi.org/10.1007/s12526-013-0199-7
https://doi.org/10.1016/0022-0981(73)90074-9
https://doi.org/10.1007/s00248-012-0035-9
https://doi.org/10.2216/16-114.1
https://doi.org/10.3354/meps016065
https://doi.org/10.1002/2013JC009443
https://doi.org/10.2989/1814232X.2014.954618
https://doi.org/10.2989/18142320509504088
https://doi.org/10.1016/j.ecss.2018.01.024
https://doi.org/10.1002/lno.11890
https://doi.org/10.2166/wst.1982.0215
https://doi.org/10.1016/0141-1136(80)90057-4
https://doi.org/10.1007/s00300-018-2263-z
https://doi.org/10.1111/nph.16107
https://doi.org/10.1002/ece3.7100
https://doi.org/10.1007/s10750-010-0527-x
https://doi.org/10.1038/nature09329
https://doi.org/10.1023/A%3A1004188826443
https://doi.org/10.1111/j.1472-4642.2008.00551.x
https://doi.org/10.1006/jmsc.2000.0715
https://doi.org/10.1371/journal.pone.0200411
https://doi.org/10.1016/j.jembe.2017.01.017
https://doi.org/10.1111/j.1442-9993.1996.tb00587.x
https://doi.org/10.3354/meps096199
https://doi.org/10.1023/A%3A1009993611262
https://doi.org/10.1016/S0025-326X(96)00124-5
https://doi.org/10.1371/journal.pone.0081944
https://doi.org/10.1002/ece3.774

Katharoyan et al.: Macroinvertebrate diversity in kelp holdfasts 45

N,

]<Velimirov B, Field JG, Griffiths CL, Zoutendyk P (1977) The
ecology of kelp bed communities in the Benguela upwel-
., ling system. Helgol Wiss Meeresunters 30:495—518
A Volvenko IV, Gebruk AV, Katugin ON, Vinogradov GM,
Orlov AM (2023) What can supraspecies richness tell us?
. Geog Res 61:503—511
A von der Heyden S (2009) Why do we need to integrate pop-
ulation genetics into South African marine protected area
., blanning? AfrJ Mar Sci 31:263—269
A Waldock C, Stuart-Smith RD, Edgar GJ, Bird TJ, Bates AE
(2019) The shape of abundance distributions across
temperature gradients in reef fishes. Ecol Lett 22:
685—696

Editorial responsibility: Anna Metaxas,
Halifax, Nova Scotia, Canada
Reviewed by: N. Shunatova and 2 anonymous referees

.

]<Walls AM, Kennedy R, Fitzgerald RD, Blight AJ, Johnson
MP, Edwards MD (2016) Potential novel habitat created
by holdfasts from cultivated Laminaria digitata: asses-
sing the macroinvertebrate assemblages. Aquacult Envi-

. ronInteract 8:157—169

]'*Wernberg T, Krumhansl K, Filbee-Dexter K, Pedersen MF
(2019) Status and trends for the world's kelp forests. In:
Sheppard C (ed) World seas: an environmental eval-

uation. Academic Press, p 57—78

H Winkler NS, Pérez-Matus A, Villena AA, Thiel M (2017%)

Seasonal variation in epifaunal communities associated

with giant kelp (Macrocystis pyrifera) at an upwelling-

dominated site. Austral Ecol 42:132—144

Submitted: September 29, 2023
Accepted: February 1, 2024
Proofs received from author(s): March 19, 2024


https://doi.org/10.1007/BF02207857
https://doi.org/10.1111/1745-5871.12594
https://doi.org/10.2989/AJMS.2009.31.2.14.886
https://doi.org/10.1111/aec.12407
https://doi.org/10.1016/B978-0-12-805052-1.00003-6
https://doi.org/10.3354/aei00170
https://doi.org/10.1111/ele.13222



