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ABSTRACT: Some invasive species have devastating ecological impacts on native species,
whereas others have little effect. The macroalga Sargassum horneri recently invaded the waters
of California (USA) and Mexico, and in some places has largely replaced an important native
macroalga, the giant kelp Macrocystis pyrifera. To explore the potential impacts of the invasive
alga on populations of an ecologically and economically important fish, the kelp bass Paralabrax
clathratus, we tested whether recruitment of kelp bass onto macroalgae differed between the
invasive S. horneri and native M. pyrifera. Field surveys by scuba divers on naturally occurring S.
horneri and M. pyrifera at Santa Catalina Island revealed that kelp bass recruits were ~30 times
more abundant on individual M. pyrifera than on individual S. horneri. To assess the cause of this
pattern, we conducted a field experiment in which plots containing 3 treatments (M. pyrifera only,
S. horneri only, and M. pyrifera and S. horneri together) were isolated over a sandy bottom, which
limited post-settlement movement of recently settled kelp bass among macroalgae. Kelp bass
recruitment was similar for the 2 treatments containing M. pyrifera, but no recruits were observed
on S. horneri, regardless of whether the alga was alone or paired with M. pyrifera. Additionally,
we found a strong spatial gradient in recruitment among the experimental plots that was
explained by the abundance of larger, cannibalistic conspecifics. This study presents the first

evidence that invasive S. horneri may negatively impact an important reef fish.
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INTRODUCTION

As technological advancements allow humans to
travel to distant places with relative ease, they some-
times move organisms across physiological or eco-
logical barriers that once served as natural popula-
tion constraints (Parendes & Jones 2000, Courchamp
et al. 2003, Haran et al. 2015). Despite the increased
rate of transportation across barriers, most intro-
duced organisms perish because they are not adap-
ted to their new environment, or reproductive isola-
tion hinders conspecifics from perpetuating the
population (Lodge 1993, Bufford & Daehler 2014).
However, when invasive species thrive and repro-
duce, their introduction into an ecosystem often re-
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sults in major ecological or economic damages (Mack
et al. 2000, Lovell & Stone 2005, Pimentel et al. 2005).

Sargassum horneri is a macroalga that is native to
northeastern Asia and has recently invaded the
waters of California (USA) and Mexico. Presumably
transported in ballast water or by hull fouling, it was
first discovered in Long Beach Harbor in 2003. By
2006 it had spread to the northwestern side of Santa
Catalina Island, California, and within a year had
proliferated along the entire leeward coast, forming
dense stands in numerous areas (Miller & Engle
2009). Since then, it has been discovered at the
majority of Channel Islands, and along coastal areas
of the Southern California Bight and Baja California,
spatially dominating many areas including reefs that
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once supported large native kelp beds (Aguilar-
Rosas et al. 2007, Miller & Engle 2009, Marks et al.
2015, Kaplanis et al. 2016). Similar to a relative that
invaded California's water in the 1960s, ie. S.
muticum, S. horneri has buoyant conceptacles well
suited for widespread dispersal and is monoecious
(able to self-fertilize), traits that have likely con-
tributed to its establishment and spread (Miller et al.
2007, Marks et al. 2015, Kaplanis et al. 2016).

Although not all exotic species are ecologically
harmful, S. horneri has attributes that may allow it to
outcompete marine flora that influence the commu-
nity structure of fishes (Miller et al. 2007). As a recent
invader, currently there is limited evidence that S.
horneri outcompetes native macroalgae, including
giant kelp Macrocystis pyrifera (hereafter Macro-
cystis), which historically has dominated shallow,
subtidal, rocky habitats at Santa Catalina Island, and
throughout California and Baja California (Miller &
Engle 2009, Marks et al. 2015, Kaplanis et al. 2016),
but it is not uncommon to see entire reefs dominated
by this species. S. horneri is extremely fast-growing
(up to 4.46 % growth in biomass d™!), and recruit and
adult densities often exceed 1000 and 100 ind. m~2,
respectively, giving this alga the potential to be a
formidable competitor against native algal species
(Choi et al. 2008, Marks et al. 2015, Caselle et al.
2018). The invasive congener S. muticum may pro-
vide some insight into the possible effects of S.
horneri. S. muticum negatively affects native algae
(Steehr et al. 2000, Britton-Simmons 2004), and in par-
ticular, inhibits recruitment of Macrocystis at Santa
Catalina Island (Ambrose & Nelson 1982). In one of
the few studies of the mechanisms of the S. horneri
invasion in California, Caselle et al. (2018) concluded
that invasion by S. horneri was suppressed by dense
Macrocystis populations characteristic of a healthy
kelp forest. Where native algae were sparse, invasion
was more extensive. Because Macrocystis fluctuates
in abundance widely from year to year, practically
disappearing from large areas in some years (Dayton
et al. 1992, 1999, Reed et al. 2011), it is reasonable to
expect that S. horneri will flourish when native algae
are sparse. Moreover, it may inhibit recovery of
native algae through space occupation and shading,
as was observed with S. muticum (Ambrose & Nelson
1982, Britton-Simmons 2004).

S. horneri is an annual alga, and its biomass
changes predictably throughout the year, unlike
native macroalgae, including Macrocystis. During
the summer and early autumn, it is mostly ‘lawn like’
(£5 cm tall) in its recruit phase, but predictably grows
into a bushier (~2 m tall) morphology throughout the

winter and spring. Some tall, senescing individuals
persist into summer and early autumn. Its physical
structure and predictable seasonal lifecycle differ
greatly from Macrocystis, which is less physically
complex but may exceed 45 m in length, and is a
perennial that lives several years under favorable
conditions (Foster 1975).

As a canopy-forming species, Macrocystis provides
structure that is critical to a variety of organisms,
including adult and juvenile fishes (Hobson & Chess
1976, Dayton 1985, Hallacher & Roberts 1985, Hol-
brook et al. 1990, Carr 1991a, Love et al. 1991,
Anderson 2001). Specifically, recruitment of several
common fishes depends upon Macrocystis (Carr
1989). Thus, if Macrocystis is displaced by S. horneri,
several fish species are at risk. The important role of
Macrocystis as recruitment habitat, however, may
have more to do with its height, extending high into
the water column, than other aspects of its morpho-
logy (Carr 1991b). Some Sargassum species, how-
ever, are also known to provide important recruit-
ment habitat for reef fishes, such as leopard grouper
Mpycteroperca rosacea in the Gulf of California,
which mainly uses S. sinicola (Aburto-Oropeza et al.
2007). S. horneri could be used in a similar way,
potentially serving as a useful habitat for kelp forest
fishes because of its high structural complexity. But
because it does not extend high into the water col-
umn, it may not affect fish recruitment in the same
way as Macrocystis.

Kelp bass Paralabrax clathratus, the subject of this
study, is one of the most economically and ecologi-
cally important fishes in southern California (Hol-
brook & Schmitt 1988, Anderson 2001, Southwick
Associates 2009). This species is consistently ranked
among the top 10 species caught by recreational
anglers in southern California, a multi-billion-dollar
industry (Horning 2009). Further, it is one of the most
common local piscivores, affecting the abundance of
other fish species (Holbrook & Schmitt 1988, Steele
1996, Anderson 2001). In the Southern California
Bight, settlement of post-larval kelp bass (at ~13 mm
total length, TL) occurs from July through September
(Carr 1994, Cordes & Allen 1997), and is influenced
by a number of physical factors, such as sea surface
temperature, winds, tidal bores, and lunar cycles
(Cordes & Allen 1997, Findlay & Allen 2002). How-
ever, much of the variation in recruitment of kelp
bass is explained by biological factors, particularly
variation in Macrocystis density (Carr 1994). Kelp
bass preferentially recruit to structures (macroalgae
or artificial algal mimics) positioned in the midwater
portions of the water column, and become more ben-
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thic associated as they age and grow
(Carr 1991b, Findlay & Allen 2002).
The goal of this study was to deter-
mine if recruitment rates of kelp bass
differed between S. horneri and Macro-
cystis. We expected that recruitment to
Macrocystis would be greater than to S.
horneri, in part because recruitment of
kelp bass is highest in the middle of the
water column (Carr 1991b, Findlay &
Allen 2002) into which Macrocystis ex-
tends but S. horneri does not. Addition-
ally, we explored whether the size of
kelp bass recruits differed among strata
in the water column to determine 1‘
whether certain size classes are more N
likely to be found near the benthos 1 km
where the non-native alga is prevalent.
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We anticipated that larger, older re-
cruits would associate with S. horneri
and small, recently settled kelp bass
would associate with the midwater por-
tion of Macrocystis.

MATERIALS AND METHODS
Observational study

To explore whether the invasive Sargassum
horneri might impact recruitment of kelp bass on
natural reefs, we compared recruit densities on
Macrocystis with those on S. horneri at 4 sites on
the northwestern, leeward, side of Santa Catalina
Island, California, USA (33°27'N, 118°29'W): Par-
son's Landing, Arrow Point, Indian Rock, and Isth-
mus Reef (Fig. 1). These sites were chosen because
Macrocystis and S. horneri were present at all of
them and found at similar bottom depths. The abun-
dance of kelp bass recruits was surveyed on indi-
vidual Macrocystis and S. horneri from 3-6 August
2015, which is typically near the peak of the settle-
ment period for kelp bass (Carr 1994, Cordes &
Allen 1997). We defined recruits as individuals
<5 cm TL, which would have settled during the
2015 settlement season.

Seven haphazardly selected ‘plants’ of each algal
species were surveyed at each site, except that only
3 S. horneri plants of sufficient size (see below)
were found and surveyed at 1 site, Parson's Landing
(thus, total N = 28 for Macrocystis and 24 for S.
horneri). To minimize disturbance to kelp bass
recruits from diver bubbles, recruit abundance was

Fig. 1. Four observational study sites (Parson's Landing, Arrow Point, Indian
Rock, and Isthmus Reef) and 1 experimental study site (Lion Head) on the
western leeward side of Santa Catalina Island, California, USA. The dashed
and solid boxes indicate the location of Santa Catalina Island in reference to
California and the location of our study sites along the coast of Santa Catalina

Island, respectively

surveyed sequentially from the top to the middle to
the bottom third of each plant by descending along
the entire length of a thallus while carefully search-
ing through the fronds. To minimize the influence of
other macrophytes in the area, all surveys were con-
ducted on individuals >2 m away from other large
(>0.5 m tall) macrophytes.

Surveys were made on Macrocystis and S. horneri
of standardized sizes and with holdfasts anchored at
~10-18 m bottom depth (Fig. 2). Macrocystis sur-
veyed averaged 5.7 £+ 0.4 m (+SE) in length, and
plants with approximately 16 stipes were selected.
During our study, Macrocystis individuals at our
study sites did not extend to the surface (i.e. no
canopy): their tops were an average of 8.2 + 0.4 m be-
low the sea surface. S. horneri averaged 1.3 = 0.1 m
in length and were in the senescent stage, i.e. the
tallest phase, and thus most likely to attract kelp bass
recruits. These sizes of the 2 species were typical on
the reefs studied at the time of our study.

To test whether the number of kelp bass recruits
per thallus differed between S. horneri and Macro-
cystis, a paired (-test treating sites as replicates was
used (n = 4 sites). Kelp bass might recruit more to
Macrocystis than S. horneri because it extends
higher into the water column. To assess this possi-
bility, we tested whether the average number of
recruits differed among 3 portions of Macrocystis
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/ Macrocystis

Fig. 2. Macrocystis and early senescent phase of Sargassum
horneri observed at Isthmus Reef, Santa Catalina Island,
California, USA. S. horneri in this photo is ~1.1 m tall

thalli (bottom, middle, and top third). The bottom
third represents the zone in which S. horneri occurs.
A mixed-model analysis of variance (ANOVA) with
the factors stratum (bottom, middle, and top third;
fixed), site (fixed), their interaction, and subject
(Macrocystis individual surveyed; random) nested
in site was used. We tested whether there was evi-
dence of kelp bass settling in midwater and migrat-
ing down towards the seafloor as they grow by com-
paring kelp bass size among the top, middle, and
bottom strata of Macrocystis with a 1-way ANOVA
treating individual kelp thalli as replicates. For sta-
tistically significant results, a Tukey's HSD pairwise
comparison test was used to determine which strata
differed significantly. For all analyses, except the
logistic regression described in the next section,
numbers of kelp bass were transformed to square-
root (x + 0.1) and lengths to log (x + 0.5) to satisfy
the assumptions of normality and homoscedasticity
(Sokal & Rohlf 1995). A p-value = 0.05 was consid-
ered significant. All statistical analyses were con-
ducted using SYSTAT Version 13 software.

Experimental study

We also conducted a field experiment in Santa
Catalina Island to assess whether patterns revealed
in our observational study had a causal basis. The
experiment was conducted in a sandy area near Lion
Head reef (Fig. 1). Fifteen 1.5 x 1.5 m plots were
established at 14-17 m bottom depth and arranged in
a line parallel to shore. Plots were spaced 15 m apart
and were at least that distance from any natural reef
habitat. This spacing likely prevented any movement
of recently settled kelp bass among plots, and be-
tween plots and the natural reef.

Three treatments were used: (1) Macrocystis alone
(M), (2) S. horneri alone (S), and (3) Macrocystis and
S. horneri together (M+S). The 15 plots were grouped
into 5 blocks of 3 adjacent plots, and each treatment
was assigned randomly to one of the 3 plots in each
block. Both species of macroalgae were collected
from nearby reefs, weighed on the surface to the
nearest 0.05 kg, and secured to the bottom in their
randomly assigned plots. Macrocystis (25-31 kg) and
S. horneri (2-3 kg) biomass was standardized within
species to achieve similar amounts of habitat struc-
ture among replicates. Thalli chosen for this experi-
ment were typically the largest individuals observed
at the collection site. The Macrocystis thalli used
were ~4-6 m tall and S. horneri used were ~1-2 m
tall. At the time of this experiment, no Macrocystis at
our study sites were tall enough to reach the surface
and form canopy. To ensure similarity among repli-
cates of the 2 treatments using S. horneri, all thalli
used were in the senescent phase. At the time of year
of this study, the tallest S. horneri individuals are
mostly in this phase. During the experiment, several
S. horneri individuals broke free, but were replaced
within 1-2 d.

The experiment ran from 15 July to 2 August 2015, a
time period within the range of peak recruitment of
kelp bass (Cordes & Allen 1997). Each plot was sur-
veyed every 1-2 d, for a total of 13 surveys during the
duration of the experiment. At the start of each survey,
large, mobile fishes that could prey upon kelp bass
recruits were counted to assess potential predators
that could influence recruitment rates. Predatory kelp
bass (>10 cm TL) that were within 1 m of Macrocystis
or S. horneri were identified and counted as divers ap-
proached each plot. Recruits were surveyed as de-
scribed previously. After the final survey, a total of 11
larger (12-27 cm TL) predatory kelp bass (the numer-
ically dominant piscivore at Santa Catalina Island),
were collected using a pole spear. Their sizes were
typical of predatory individuals surveyed. Their guts
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were examined using a dissecting microscope to de-
termine whether they had consumed recently recrui-
ted conspecifics, likely from the experimental plots.

Because kelp bass recruits were absent in many
plots, logistic regression was used to test for differ-
ences in kelp bass recruitment among the 3 treat-
ments. Block (5 positions along the array from north-
west to southeast) was also included in the model
because there may have been a spatial difference in
recruitment along the experimental array. The cate-
gorical dependent variable was presence or absence
of kelp bass recruits, based on whether they were
ever observed on a plot or not. Kelp bass recruited to
all plots with Macrocystis on them, and if these
recruits used the additional habitat structure pro-
vided by S. horneri on the M+S plots (relative to M
plots), then one might expect to find more recruits
near the bottom in the S. horneri zone on M+S plots
than on M plots. To test this possibility, we compared
the number of kelp bass recruits in bottom, middle,
and top strata between M and M+S treatments. We
used split-plot ANOVA with the factors stratum
(bottom, middle, and top third of Macrocystis; fixed
factor), block (5 positions; fixed factor), treatment
(M and M+S; fixed factor), treatment x stratum inter-
action (fixed factor), and plot nested within block x
treatment (random factor). The response variable
was the number of kelp bass recruits within a stratum
for each thallus averaged over the 13 observations.
To evaluate whether there was evidence of kelp
bass settling to the midwater portion of Macrocystis
and later moving towards the benthos, we tested
whether the size of kelp bass recruits differed among
strata with a 1-way ANOVA; the average size was
calculated at each stratum on each plot over the 13
observations.

® Macrocystis pyrifera
O Sargassum horneri

ZlLI .

Isthmus Indian Arrow Parson’s
Site
Fig. 3. Abundance of kelp bass recruits (mean + SE ind. thal-
lus™!) associated with Macrocystis pyrifera and Sargassum
horneri at 4 sites: Isthmus Reef, Indian Rock, Arrow Point,
and Parson's Landing, Santa Catalina Island, California,
USA. Sites are listed from southeast to northwest

Kelp bass recruits
(no. thallus™)
w
1

There was a distinct spatial gradient of recruitment
across the array of experimental plots. We used lin-
ear regression to explore whether this pattern might
have been caused by the presence of larger, preda-
tory conspecifics by regressing the average number
of recruits against predator density per plot. Only M
and M+S plots were included in this analysis be-
cause predators were seldom present on the S plots,
and kelp bass recruits were never found on them.

RESULTS
Observational study

Across the 4 study sites, 59 kelp bass recruits were
encountered and 57 of these were associated with
Macrocystis pyrifera; only 2 recruits were associated
with Sargassum horneri (Fig. 3). Thus, numbers of
recruit kelp bass per thallus were ~30 times greater
on Macrocystisthan on S. horneri (2.04 £ 0.66 vs. 0.07
+ 0.04, mean + SE kelp bass recruits thallus™; paired
t-test: t = 4.34, df = 3, p = 0.02). Kelp bass recruits
were approximately evenly distributed among top,
middle, and lower portions of Macrocystis (ANOVA
testing for differences among strata: F, 45 = 1.22, p =
0.30); a pattern that was consistent among study sites
(site x strata interaction: Fg 45 = 0.77, p = 0.60). The
size of kelp bass recruits, however, differed among
strata of Macrocystis (Fy,56 = 13.72, p < 0.001), with
the smallest recruits in the top stratum (2.10 =
0.09 cm) and larger ones in the middle (2.93 =+
0.20 cm) and bottom strata (3.14 + 0.25 cm) (mean =+
SE) (Fig. 4). The 2 recruits found associated with S.
horneri were both larger, visually estimated to be
4 cm long.

4
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Fig. 4. Mean kelp bass recruit size (cm total length, TL) asso-

ciated with the bottom, middle and top strata of macroalgae

across 4 study sites (n = 14 fish for bottom and middle, n = 29

fish for top). Tukey's HSD post hoc groupings are shown
with letters

Bottom
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Experimental study

No kelp bass recruits were observed on plots with
only S. horneri, whereas all plots with Macrocystis
received some recruitment (Fig. 5). Recruits were
nearly evenly split between the Macrocystis-only
treatment (2.26 + 1.18 ind. plot™!) and the Macro-
cystis + S. horneri treatment (2.23 + 1.24 ind. plot™)
(mean + SE). Thus, there was a significant difference
in kelp bass recruitment among the 3 treatments
(logistic regression: xz =19.10, df = 6, p = 0.004).

Recruitment differed among blocks (F; 5 =3.89, p =
0.05), with the highest on plots in the northwest of the
array and the lowest on plots in the southeast
(Fig. 6a). This pattern was roughly the inverse of
predator abundance (Fig. 6b). Linear regression re-
vealed that kelp bass recruitment declined with the
abundance of large, predatory kelp

bass (r? = 0.48, p = 0.03), suggesting °1a
that predators created this spatial pat- = 8]
tern in recruitment. In support of this ° 7
notion, one of the 11 predatory kelp e
bass collected had 2 partially diges- g 61
ted, but identifiable, kelp bass recruits 2 54
(both ~1 cm TL) in its gut (Fig. 7). 5
Large, predatory kelp bass were asso- o 41
ciated more closely with the M and % 31
M+S treatments than the S treatments Q 5
(ANOVA: F,g = 23.20, p < 0.001; %
Fig. 8). X1
The number of recruits did not differ 04
significantly among strata of Macro-
cystis (Fp16 = 2.75, p = 0.09), but the 149 b
size of these recruits did (Fy .5 =
15.90, p < 0.001). Kelp bass recruits T 121
were slightly larger in the bottom %_
stratum (2.56 + 0.05 c¢m) than in the S 101
middle (2.22 + 0.07 cm) or top (2.23 + £ 8
0.04 cm) portions of Macrocystis §
(Fig. 9). Based on their size and mor- -g_ 6
phology, all recruits appeared to have E
settled from the plankton directly onto o 41
the experimental plots. %
- 2
DISCUSSION 01 -

This study presents the first evi-
dence that invasive Sargassum horne-
riis seldom used as a recruitment sub-
stratum by kelp bass and thus may
negatively impact recruitment of this
economically and ecologically impor-

Kelp bass recruits (no. plot)

M M+S S
Treatment

Fig. 5. Abundance of kelp bass recruits (mean + SE ind.

plot™! per observation over 13 observations on separate

days) associated with 3 treatments: Macrocystis pyrifera

only (M), Macrocystis pyrifera + Sargassum horneri (M+S),
and Sargassum horneri only (S)
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Plot

Fig. 6. Abundance of (a) kelp bass recruits and (b) large, predatory kelp bass
(mean + SE per plot over 13 observations on separate days) observed on each
plot. Plot 1 was the furthest northwest and plot 15 was the furthest southeast; plots
are labeled according to treatment type: Macrocystis pyrifera only (M), Macro-
cystis pyrifera + Sargassum horneri (M+S), and Sargassum horneri only (S)
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Fig. 7. Two partially digested, but identifiable, kelp bass
recruits (~1 cm total length, TL) found in the gut of a kelp
bass measuring 12.2 cm TL
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Fig. 8. Abundance of large, predatory kelp bass (mean + SE
ind. plot™ over 13 observations on separate days) in 3 treat-
ments: Macrocystis pyrifera only (M), Macrocystis pyrifera +
Sargassum horneri (M+S), and Sargassum horneri only (S)
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Fig. 9. Mean kelp bass recruit size (cm total length, TL) in

the bottom, middle and top strata of macroalgae across all

treatments (n = 117 fish for bottom, n = 50 for middle, n = 125

for top). Tukey's HSD post hoc groupings are shown with
letters

tant fish species through the potential displacement
of native giant kelp Macrocystis pyrifera. Kelp bass
recruitment was vastly lower on S. horneri than on
native Macrocystis: across our observational study
and experiment, only 2 kelp bass recruits were
observed associated with S. horneri. The height of
the 2 algae is a likely cause of the difference in kelp
bass recruitment between them. Kelp bass settle at
higher rates to settlement substrata presented in the
middle of the water column than to those near the
bottom (Carr 1991b, Findlay & Allen 2002). Macro-
cystis extends up into this midwater zone, but S.
horneri does not. The pattern of size differences we
found in kelp bass recruits is also consistent with this
hypothesis: recruits were smallest in the top strata of
Macrocystis, which was located in midwater, sug-
gesting that they settled in the middle of the water
column and later moved down the thallus to the
lower portions of the kelp, where we found larger
recruits. Carr (1991b) reached the same conclusion
about post-settlement movement of kelp bass re-
cruits, and this pattern is also consistent with other
studies, which found that several species of kelp for-
est fish move down from the upper strata of kelp and
become more benthic associated as they age and
grow (Carr 1991a, Anderson 1994, Nelson 2001).
Whether kelp bass would settle on S. horneri if they
encountered it in the middle of the water column
remains to be tested, but Carr (1991b) found that S.
palmeri, a California native and a relative of S.
horneri that is broadly similar in morphology, was
preferred by kelp bass as a settlement substratum
when placed alongside Macrocystis in the middle of
the water column. Settling kelp bass might perceive
the 2 complex, bushy algal congeners as similar.
Although the short height of S. horneri relative to
Macrocystis and its absence from the middle of the
water column is a potential cause of the differences
in recruitment of kelp bass to these 2 macroalgae,
there are other differences between them that could
influence fish recruitment. Morphologically, these 2
macroalgae are very different; they may differ chem-
ically; and they might harbor different assemblages
of invertebrate prey for kelp bass recruits, or preda-
tors of the recruits. High habitat complexity attracts
and benefits prey fishes in a variety of different envi-
ronments (Schmitt & Holbrook 1985, Kingsford 1995,
Levin & Hay 1996, Forrester & Steele 2004, Scharf et
al. 2006). Macrocystis may provide better habitat
than S. horneri, particularly at the time of year when
kelp bass settle from the plankton. By this time, late
summer, senescent S. horneri begins to deteriorate as
it dies, having already shed its conceptacles, leaving
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the once bushy thallus now only with small pinnatifid
blades (<5 cm width) (Marks et al. 2015). Although
still providing vertical structure low in the water
column, senescent S. horneri may not be as attractive
to young kelp bass as the luxuriant pre-senescent
stage. Macrocystis may provide better refuge from
predators than senescing S. horneri because kelp
bass can easily stay completely out of sight of preda-
tors by sheltering between its large blades (often
>15 cm width). Additionally, during our study, most
Macrocystis were in the reproductive stage and had
lush sporophyll blades just above the holdfast, which
provided abundant shelter for young kelp bass. It is
also possible that S. horneri and Macrocystis harbor
different numbers or types of predators of recent
recruits, which could contribute to different recruit-
ment patterns between them. The only difference in
predators associating with the 2 species that we
noticed was more predatory, large kelp bass associ-
ating with Macrocystis than S. horneri, which would
create a pattern opposite to what we documented.

Differences in chemical composition between
Macrocystis and S. horneri could also contribute to
differences in recruitment rates of kelp bass between
them. Many tropical fishes use chemical cues to set-
tle in preferred areas (Sweatman 1988, Atema et al.
2002, Wilson et al. 2010, Dixson et al. 2014). In tem-
perate kelp forests, the role of chemical cues in struc-
turing settlement patterns of fishes is far less studied,
but there is evidence that algal chemical cues induce
settlement of invertebrates, such as abalone (Morse
& Morse 1984). Carr (1991b) found that more kelp
bass settled on natural Macrocystis and S. palmeri
than on artificial mimics, which implies that chemical
cues affect recruitment of our study species in some
capacity. It is unclear whether algal cues (chemical)
or cues of prey of kelp bass that reside in algae (vari-
ous invertebrates) are the primary source of attrac-
tion of kelp bass recruits to macroalgae over artificial
mimics. For kelp forest species, a body of evidence
suggests that prey availability is important in post-
settlement processes (Holbrook & Schmitt 1984,
1988, Anderson & Sabado 1995). Furthermore, dur-
ing our study S. horneri may have been exuding
chemicals that deterred kelp bass or their prey. S.
horneri was senescing, and may have been exuding
secondary metabolites, such as phenols, that are
known to deter grazers (Hay et al. 1988, Van Alstyne
& Paul 1990, Steele & Valentine 2015).

Macrocystis and S. horneri have fundamentally
different life cycles that may interact with the season-
ality of kelp bass recruitment. Macrocystis is a pe-
rennial that is capable of living multiple years if

conditions are favorable (Foster 1975). Although
Macrocystis grows most rapidly during winter and
spring, and slowest during summer and autumn
(Wheeler & North 1981, Zimmerman & Kremer 1986),
it is not uncommon for it to form canopies on the sur-
face during summer and early autumn (Graham et al.
1997) when kelp bass settle from plankton (Carr
1994, Cordes & Allen 1997). Although typically a
canopy-forming species, the Macrocystis individuals
in our study did not reach the surface and form
canopy. Kelp canopy can be important in explaining
variation in the distribution and abundance of fishes
(Carr 1983, Anderson 2001). During our study, how-
ever, there were no Macrocystis that reached the sur-
face on most reefs near our study sites at Santa
Catalina Island, presumably due to the very warm
surface waters during that El Nino period. Our find-
ings are representative of a situation that is not
uncommon, particularly in the warmer parts of the
range of Macrocystis, where kelp canopies often
come and go (Dayton et al. 1984, Tegner & Dayton
1987, Wernberg et al. 2010). As an annual species, S.
horneri predictably changes dramatically in size over
the course of a year (Yoshida et al. 1998), and when
kelp bass are settling it is primarily found in 2 stages:
~5 cm tall recruits and 1-2 m tall senescent adults.
We can only speculate that the differences in kelp
bass recruitment between Macrocystis and S. horneri
would be even greater in those situations because
the difference in size and position in the water col-
umn between the 2 macroalgae would be larger. A
logical next step would be to conduct experiments
aimed at understanding the mechanism for why kelp
bass preferred Macrocystis over S. horneri.

Across both portions of our study, we only observed
2 kelp bass recruits associated with S. horneri, and
these were relatively large (estimated to be 4 cm TL),
not recent settlers. These larger individuals may
have moved from their original settlement habitat
(i.e. Macrocystis) to S. horneri. Our experiment sup-
ports the notion that only larger recruits will move
away from their settlement habitat because none of
the small, recently settled kelp bass observed were
found in S. horneri, even on plots where it was only
1 m away from Macrocystis. The presence of abun-
dant predators (larger conspecifics) on natural reefs
(~16 kelp bass per 120 m® on the 4 natural reefs;
G. Srednick unpubl. data) and associated with
Macrocystis plots in our experiment may have dis-
couraged small, recently settled kelp bass from ven-
turing away from the shelter provided by the Macro-
cystis to which they settled, even when S. horneri
was nearby.
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The present study clearly documents much higher
recruitment of kelp bass to the native Macrocystis
than to the invasive S. horneri, but our studies were
done at the scale of individual ‘plants,’ at which set-
tling kelp bass were likely able to choose among
plants to settle on. Whether our findings extrapolate
to larger scales is unknown. If extrapolated, our re-
sults suggest that kelp bass would not recruit to reefs
dominated by S. horneri and that lack Macrocystis.
Yet such reefs do have young-of-the-year kelp bass
on them (authors’ pers. obs.). Given the distance of
these reefs to other reefs with Macrocystis, it is
unlikely these young kelp bass moved to them from
areas with Macrocystis. More likely, either these kelp
bass settled to the invasive alga, or given the results
of the present study, perhaps settled to another sub-
stratum on those reefs and then moved to S. horneri
later. For instance, kelp bass will settle to rocky areas
devoid of any macroalgae (Steele et al. 2002). Dis-
crepancies in fish recruitment between small scales
at which habitat selection may occur and site-scale
patterns do occur (Caselle & Warner 1996, Munday
2002), including with kelp bass and Macrocystis.
White & Caselle (2008) found that kelp bass recruit-
ment was positively related to Macrocystis density at
small scales but not at larger scales. Further research
on the effects of S. horneri on kelp bass recruitment
at the reef scale, particularly where Macrocystis is
rare or absent, as has happened recently at Santa
Catalina Island, would be valuable for predicting the
effects of this invasive alga as it spreads.

The strong spatial pattern in recruitment of kelp
bass, with decreasing recruitment from the north-
west to southeast, may have been due to 2 non-exclu-
sive processes: (1) post-settlement mortality caused
by larger, predatory conspecifics, and (2) a settle-
ment shadow (Gaines et al. 1985). The negative rela-
tionship we found between recruitment and predator
abundance supports the first hypothesis, especially
given the observation of recently settled kelp bass in
the gut of a larger, predatory conspecific. Along with
predation, the swift southeasterly current often en-
countered at the experimental site may have set the
stage for upstream settlement depleting the supply of
larvae available for settlement on downstream plots.

Invasive biogenic habitat often has drastic com-
munity effects. Biogenic invasives may aid native
organisms, as in the case with the red alga Gracillaria
vermiculophylla (Thomsen 2010), and a mussel,
Musculista senhousia (Crooks & Khim 1999), which
both positively affect numerous native invertebrates
in their respective invaded regions. However, inva-
sive habitat-forming species are more frequently

associated with negative effects. They are either
detrimental to native species (Reusch & Williams
1998, Hedge & Kriwoken 2000, Longepierre et al.
2005, Gribben et al. 2009), or are associated with
increases in other non-native species (Heiman et al.
2008). For example, the highly invasive green alga
Caulerpa taxifolia was found to threaten important
seagrass habitats, which altered fish assemblages in
southeast Australia (York et al. 2006), and it lowered
species richness and abundances of invertebrates
(Santini-Bellan et al. 1996) as well as biomass and
abundance of fishes (Francour et al. 1995) in invaded
regions of the Mediterranean.

The population explosion of S. horneri in recent
years makes eradicating this alga highly improbable.
Eradication of a similar invasive species, S. muticum,
in southern California proved to be futile despite
adding native algal canopies and herbivorous urchins
to limit the recovery of the invasive alga (Smith 2016).
Similarly, a recent experiment removing S. horneri at
Santa Catalina Island resulted in re-colonization of
large, cleared plots within months (L. Marks unpubl.
data). Rather than focus efforts on total eradication of
this invasive alga, it would be better to target control
efforts at the most ecologically valuable areas, while
continuing to develop a sound understanding of the
ecological impacts of S. horneri so that its effects can
be predicted as it spreads. As a highly complex and
fairly low-lying alga, S. horneri may offer more cover
and protection to benthic, cryptic fishes from roving
predators. In contrast, fishes or invertebrates that
depend on the native algal assemblage may suffer
indirectly because the introduction may alter algal
assemblages by space preemption or shading. The
present study clearly demonstrates that recruitment
of an ecologically and economically important fish,
kelp bass, is much higher to native Macrocystis than
to invasive S. horneri, but further studies that gener-
ate a more comprehensive understanding of the
impact of this alga on kelp forest organisms are
needed to predict its long-term, large-scale effects.
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