CALIFORNIA STATE UNIVERSITY, NORTHRIDGE

THE EFFECTS OF AN INVASIVE ALGA ON KELP FOREST FISHES

A thesis submitted in partial fulfillment of the requirements
For the degree of Master of Science in Biology

By

Samuel Charles Ginther

May 2017

The thesis of Samuel C. Ginther is approved:

______________________________________

_____________

Carolynn S. Culver, PhD

Date

______________________________________

_____________

Robert C. Carpenter, PhD

Date

______________________________________

_____________

Mark A. Steele, PhD, Chair

Date

California State University, Northridge

ii

Acknowledgements
I am forever indebted to my advisor, Dr. Mark Steele. Mark, I can come up with
an endless list of ways you supported me during my CSUN graduate career; however, it
was your passion that was most inspiring. Your exuberance has helped me in more ways
than you will ever know. Thank you for accepting me into your funky bunch – or is it a
peduncle?
Thank you Dr. Carolynn Culver for introducing me to the wild world of invasive
species. Carrie, you are a model for hard working individuals everywhere, and I cherish
all of the time I was able to spend with you in the field. I also want to thank you for the
introduction and preparation in conducting science in squalor – I think the Havasu motel
managers are still wondering what that smell is.
I would also like to thank Dr. Robert Carpenter for providing advice about all
aspects of my thesis related to algae. Bob, I am grateful for all of your time and efforts
you spent in helping to develop and implement my ideas. Thank you for allowing me to
island hop with you post-graduation; it has provided me with the opportunity to get to
know you personally, and I am appreciative that I have a boss that I respect and admire. I
don’t care what Mark says – algae are not plants.
My research would not have been possible without the following funding sources:
the University of Southern California Wrigley Institute of Environmental Studies
Fellowship, NSF Award OCE-1263356, the CSU Northridge Association of Retired
Faculty Memorial Scholarship, the International Women’s Fishing Association, the
Council on Ocean Affairs, Science, and Technology Graduate Student Research Award,
the CSU Northridge Graduate Student Thesis Support Award, the Dr. Bob Luszczak DDS

iii

Biology Graduate scholarship, and the Academy of Underwater Arts and Sciences’ Zale
Parry Scholarship.
Several people were critical to my project. I would first like to thank Lindsay
Marks for providing me with much needed support to complete my thesis. Much of what
I was able to accomplish would not have been possible without your help. I am glad to
have met you at UC Santa Barbara, and I am happy that I was able to work with you at
Catalina. I would also like to express extreme gratitude for my first dive buddy, Zoe
Scott. Zoe, you work tremendously hard and made my first summer in the field as smooth
as I could imagine. Everyone should be so lucky to have you as part of their team. Thank
you for also forcing me to eat healthy in the field, a feat that was quickly destroyed by the
next gentleman. Thank you Russell Dauksis for the tremendous amount of time you spent
on a boat and underwater with me. Our times speculating kept me sane during those long
and chilly days. Your efforts meant the world to me, even if half of the time I was
wondering what was going through your mind – “How deep do you guys think it is
here?” Thank you for providing the counter balance to the other individual that was
absolutely critical to my project – Griffin Srednick. Words will never do you justice. You
are a different breed, and I will forever admire your overwhelming vigor in all things fun.
Sometimes you are a bit out of control (“Srednick 2034”), but I am glad to know you.
Pass the oysters! Thank you Stacey Hilborn for providing me with the small bit of sanity
I needed in my daily ritual. Each day I spent in lab was brightened by your presence –
especially when it meant I didn’t have to spend it alone with Griffin. Stacey, you are
wonderful in every single way.

iv

I would also like to thank Juan Aguilar for providing me with the “local”
perspective while completing my project. You are an awesome individual and I am glad
that I earned a spot on your boat. Thank you for all of the fun times spear fishing at Ship,
and the many more to come. Thank you Brian (J.R.) Clark, Parker House, Stephen Pang,
Barbara Sanchez, Michael Schram, Justin Hackitt, Brenton Spies, Barbara Weiser, Lorna
McFarlane, Maureen Ho, Alexis Estrada, Erin Jaco, Albert Chang, Audrey Looby, Adam
Obaza, Eric Castillo, Trevor Oudin, Gordon Boivin, Kellie Spafford, Chad Burtrum, Sean
Conner, Diane Kim, Lorraine Saddler, Lauren Oudin, and the entire CSUN biology
community for your friendship and fun times during graduate school - you are all
amazing people and am forever grateful for all of the professional and personal advice
over the years.
Last, but surely not least, I’d like to thank my brother and parents, Max, David,
and Jodi Ginther. Thank you Max for providing me with a life outside of my normal
routine. Your own interests and lifestyle has provided me a respite from my sometimes
overly focused perspective. Mom and Dad, you provided with the support and
opportunities from day one. From crocodiles guzzling wildebeest to helping to edit
papers in high school, you both have always provided me with the extra motivation
needed to succeed. I love all three of you.

v

Table of Contents
Signature Page

ii

Acknowledgements

iii

List of Tables

viii

List of Figures

ix

Abstract

x

Chapter 1: Introduction

1

Chapter 2: Effects of an invasive alga, Sargassum horneri, on kelp forest fishes
Introduction
Methods
Results
Discussion

5
7
16
23

Chapter 3: Comparing recruitment rates of a popular sport fish to a native and
non-native alga
Introduction
Methods
Results
Discussion

46
49
54
56

Chapter 4: Synthesis of findings

76

Literature Cited

79

vi

List of Tables
2.1: List of algal types observed during surveys classified into functional groups
2.2: Results of principal components analysis (PCA) on a) algal functional groups
and b) physical substratum across reefs during the first 3 (summer 2014,
fall 2014, and summer 2015) and last (winter 2015) survey periods
2.3: Correlations among important algal types on reefs pooled across summer 2014,
fall 2014, and summer 2015 survey periods
2.4: The percent contribution of each species to a Bray-Curtis dissimilarity matrix
of the fish assemblage across time periods and depths that was revealed by
similarity percentages (SIMPER) analysis
2.5: Results of multiple linear regressions that tested whether multiple habitat
predictor variables explained variation of 8 fishes during a) summer 2014,
fall 2014, and summer 2015, and b) winter 2016
3.1: Summary results of a split-plot ANOVA testing the effects of Block,
Treatment, Strata, Treatment × Strata, Block × Strata, and
Plot (Block × Treatment) on the average density of kelp bass recruits,
comparing just the Macrocystis and Macrocystis + S. horneri treatments.

viii

page
30
32
33
34
35

63

List of Figures
2.1: Santa Catalina Island with the 8 study sites along the western leeward shore
2.2: Diagram of Sargassum horneri removal plots
2.3: Non-metric multidimensional scaling (nMDS plots of the fish assemblage
showing different a) time periods or b) depths (meters) shown, and at c) only
6-m depth during 3 periods
2.4: Mean fish density during 4 sampling periods at a) 8 reefs and b) 2 depths
2.5: Mean fish richness during 4 sampling periods at a) 8 reefs and b) 2 depths
2.6: Non-metric multidimensional scaling (nMDS) plots of the fish assemblage
during pre removal (trip 1) displaying the factors: a) treatment and b) site,
and c) trips 1-7 showing control and removal plots
2.7: Mean fish density observed on control and removal plots during all survey trips
2.8: Mean fish density at both study sites during all survey trips
2.9: Mean fish richness of control and removal plots during all survey trips
3.1: Four observational study sites and 1 experimental study site
3.2: Mean kelp bass recruit abundance associated with Macrocystis pyrifera and
Sargassum horneri at the 4 observational study sites
3.3: Mean kelp bass recruit abundance observed in different strata of Macrocystis
pyrifera at the 4 observational study sites
3.4: Mean kelp bass recruit size associated with the 3 strata across 4 observational
study sites
3.5: Mean kelp bass recruit abundance associated with 3 experimental treatments
3.6: Mean kelp bass recruit abundance observed for each experimental plot
3.7: Mean kelp bass recruit abundance in 3 strata of the 2 Macrocystis pyrifera
experimental treatments
3.8: Mean kelp bass recruit size in the 3 strata of all experimental treatments
3.9: Photograph of 2 kelp bass recruits found in the gut of a larger kelp bass
3.10: Mean large kelp bass abundance observed associated with 3 experimental
treatments
3.11: Mean number of large kelp bass observed for each experimental plot
3.12: Relationship between mean large kelp bass abundance versus mean kelp bass
recruit abundance for 2 of the Macrocystis pyrifera experimental treatments

ix

page
37
38
39
40
41
42
43
44
45
64
65
66
67
68
69
70
71
72
73
74
75

ABSTRACT
THE EFFECTS OF AN INVASIVE ALGA ON KELP FOREST FISHES
By
Samuel Charles Ginther
Master of Science
in Biology
The susceptibility of ecosystems to the introduction of non-native species has
increased drastically with the development of advanced transportation technologies. It is
now quite common for organisms to be easily transported by humans across
physiological, ecological, or behavioral barriers that once served as natural population
constraints. Despite this increased rate of introductions to locations that were previously
unreachable, most organisms that are introduced perish because they are not able to
withstand the new environmental pressures of the introduced location, or there are simply
not enough conspecifics to perpetuate the population. However, when introduced
organisms are able to thrive and reproduce, they may have devastating economic or
ecological consequences.
A new opportunity to document and understand the effects of an invasive alga on
native community members has presented itself in southern Californian waters. Native to
northeastern Asia, Sargassum horneri is a macroalga that was presumably transported in
ballast water and discovered in Long Beach Harbor in 2003. By 2006 it had spread to the
western side of Santa Catalina Island, California, and within a year spread along the
entire leeward coast, forming dense stands in numerous areas. Although not all exotic
species are ecologically harmful, S. horneri has attributes (fast growing and occurs in
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high densities) that may allow it to readily establish and outcompete marine flora critical
to the community structure of fishes. The purpose of this study aimed to document the
effects of S. horneri on kelp forest fishes at Santa Catalina Island, California.
I first employed observational, correlative methods to explore the role of S.
horneri in shaping biotic and abiotic habitat characteristics of reefs and fish assemblages.
I also explored habitat characteristics that predict fish assemblage structure, as well as
species-specific responses of fish to habitat predictor variables during 4 distinct time
periods. Fish assemblages changed over the course of my 4 sampling periods, and a
number of habitat variables (including S. horneri) explained variation in fish assemblage
during those times. However, there is more evidence that favors M. pyrifera as a driver of
fish assemblage change, as indicated by species-level responses. Additionally, a field
experiment testing whether the removal of S. horneri from reef areas affected the fish
assemblage was used to evaluate whether patterns documented in the observational
portion of my study that could be attributed to S. horneri do in fact appear to be caused
by the invasive alga. Removing S. horneri from established areas of reef did not affect
multivariate or univariate metrics of fish assemblage over the course of 7 sampling
periods. Removal and control (unaltered) areas of reef contained strikingly similar fish
assemblages, fish richness, and fish densities over time. Despite a drastic change in reef
landscape, it appears that M. pyrifera, rather than S. horneri, was a more significant
driver of differences in kelp forest fish assemblages observed in my study.
Second, I compared the role of relatively low-lying S. horneri and vertically
extensive M. pyrifera in shaping recruitment patterns of a popular sport fish (Paralabrax
clathratus) by using an observational and experimental study. I first examined kelp bass
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recruit abundance on naturally standing S. horneri and M. pyrfera to better understand
how fish recruitment rates differ between the introduced and native species. Additionally,
I experimentally isolated 3 treatments (M. pyrifera only, S. horneri only, and M. pyrifera
and S. horneri together) over a sandy bottom to understand whether the presence of S.
horneri, and increased benthic complexity for young fish, enhances kelp bass
recruitment. An overwhelming majority of kelp bass recruited to M. pyrifera, and larger
recruits were located in the bottom two-thirds of the thalli. Kelp bass recruitment was
were observed with S. horneri, regardless of whether the alga was alone or paired with M.
pyrifera. Similar to my observational results, larger kelp bass recruits were observed in
the bottom third of M. pyrifera treatments. Additionally, I found that that the presence of
larger, predatory conspecifics explained a spatial pattern of declining recruitment rates
across treatment plots. My study presents the first evidence that S. horneri negatively
impacts the recruitment of an important southern California reef fish.
Results from both of my studies offer contrasting outlooks on S. horneri’s role in
southern California kelp forests. When focusing on the entire fish assemblage, little
evidence is in favor of S. horneri as a driver of kelp forest fish structure. However when
focusing on a particular early life history characteristic of a common kelp forest fish, the
effects of S. horneri are dramatically negative. The contrasting results of my studies are
important reminders for the need of additional studies to generate a more comprehensive
understanding of this invasive alga’s impact on kelp forest organisms.
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Chapter 1: Introduction
The susceptibility of ecosystems to the introduction of non-native species has
increased drastically with the development of advanced transportation technologies. It is
now quite common for organisms to be easily transported by humans across
physiological, ecological, or behavioral barriers that once served as natural population
constraints (Carlton and Geller 1993; Rahel 2007; Hulme 2009). Despite this increased
rate of introductions to locations that were previously unreachable, most organisms that
are introduced perish because they are not able to withstand the new environmental
pressures of the introduced location, or there are simply not enough conspecifics to
perpetuate the population (Williamson 1996). However, when introduced organisms are
able to thrive and reproduce, they may have devastating economic or ecological
consequences, such was the result of the classic case of the wild boar introduction to the
United States by European settlers (Barrios-Garcia and Ballari 2012).
Ecological studies and philosophy can be dated back to the 4th century, but these
ideas were typically focused on easily observable terrestrial systems. On land, our
understanding of invasive biology is far more extensive than that of aquatic invasive
organisms because of the historical logistic feasibility of studying land-processes. For
example, it is known that many exotic plants began colonizing California grasslands in
the 18th century (Bossard et al. 2000). The natural history of terrestrial systems has been
described over long time periods, which has allow for many non-native organisms to be
described as “naturalized” (i.e. they have been incorporated into native communities)
(Jackson 1985; Saur 1988; Weber 1998; Richardson et al. 2000). Although few studies
are conducted over long time periods to describe the ecological effects of the introduction
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of a new species, the opportunity to compare studies in terrestrial systems is extensive
because of the abundance scientific and anecdotal documentation. Logically, the more
studies there are on a particular organism, the greater our understanding is of that
organism; examining numerous studies that are conducted at multiple spatial and
temporal scales, and during different years, can be used to reveal the effects an invasive
species from initial introduction to long-term persistence.
Aquatic ecological studies have a much shorter history than terrestrial ones. It is
known that people from China, India, Japan, Polynesia, the Mediterranean, and the
Americas harvested pearls, sponges, mollusks, seaweeds, and a variety of other materials
from the ocean thousands of years before the modern era. However, it was not until
SCUBA equipment was developed in the 1940’s by Frenchmen Emile Gagnan and
Jacques-Yves Cousteau that, at most, a few minutes underwater on a single breath was
extended to hours, enabling people, such as Wheeler North, to begin studying subtidal
kelp forest ecosystems in California. Additionally, it is only in recent years that great
depths can be explored by tools like remotely operated underwater vehicles (ROVs) and
autonomous underwater vehicles (AUVs). The advancement of underwater technologies
has thus only recently broadened our previously limited understanding of temporal and
spatial patterns of non-native introductions in aquatic environments. For example, Smith
et al. (2002) reviewed the distribution of the five most successful nonindigenous algae in
the main Hawaiian Islands, and the earliest documentation was not until 1950. A recent
invasive alga, Caulerpa taxifolia, was noticed in Southern California in 2000 and was
found to form dense mats that smothered native vegetation (Anderson 2005). However,
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this alga was eradicated soon thereafter, and the chance to observe the effects of this alga
over longer time scales was lost.
A new opportunity to document and understand the effects of an invasive alga on
native community members has presented itself in southern Californian waters. Native to
northeastern Asia, Sargassum horneri is a macroalga that was presumably transported in
ballast water and discovered in Long Beach Harbor in 2003. By 2006 it had spread to the
western side of Santa Catalina Island, California, and within a year spread along the
entire leeward coast, forming dense stands in numerous areas (Miller and Engle 2009). It
has also been documented at San Clemente, Anacapa, Santa Cruz, and Santa Barbara
Islands in California, and Todos Santos Bay in Baja California, Mexico (Aguilar-Rosas et
al. 2007; Miller et al. 2009; Marks et al. 2015). S. horneri is extremely fast growing
(4.46% day−1 adult blade weight maximum relative growth rate), and on occupied reefs,
recruit and adult densities may exceed >1000 individuals m-2 and 100 individuals m-2,
respectively, making this introduced alga a formidable competitor against native algal
species (Choi et al. 2008; Marks et al. 2015). Although not all exotic species are
ecologically harmful, S. horneri has attributes (fast growing and occurs in high densities)
that may allow it to readily establish and outcompete marine flora critical to the
community structure of fishes (Miller et al. 2007; Marks et al. 2015). As a recently
established macroalga, the impact of S. horneri on kelp forests is not well understood, but
examining this thriving invader is critical to our understanding of community interactions
in present-day kelp forests.
The purpose of this thesis is to document the effects of a S. horneri on kelp forest
fishes. This study was conducted in the waters surrounding Santa Catalina Island,
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California. This island served as an ideal study site because of the abundance of both the
historically dominant, native, giant kelp (Macrocystis pyrifera) and the prevalence of the
invasive S. horneri. Chapter 2 of this thesis uses observational, correlative methods to
explore the role of S. horneri in shaping biotic and abiotic habitat characteristics of reefs
and fish assemblages. It also explores habitat characteristics that predict fish assemblage
structure, as well as species-specific responses of fish to habitat predictor variables
during 4 distinct time periods. Chapter 2 also employs the use of a field experiment to
test the effects of S. horneri on fish assemblages. It describes an extensive S. horneri
removal experiment done on 2 reefs and followed for 7 months. It evaluates whether
patterns documented in the observational portion of the study that could be attributed to
S. horneri do in fact appear to be caused by this invasive alga. Chapter 3 compares the
role of relatively low-lying S. horneri and vertically extensive M. pyrifera in shaping
recruitment patterns of a popular sport fish (Paralabrax clathratus) by using a second
field experiment.
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Chapter 2: Effects of an invasive alga, Sargassum horneri, on kelp forest fishes
Introduction
When non-indigenous species thrive and reproduce, they may have devastating
consequences, resulting in major ecological or economic damages and losses that total
billions of dollars annually (Mack et al. 2000; Lovell and Stone 2005; Pimentel et al.
2005). Although some invasive species have small effects on native species, relationships
that have evolved between native organisms may be compromised by the introduction of
an exotic species. Dramatic changes in native populations may result from direct effects,
such as predation, grazing, or competition of invasive species (Brown et al. 2002; Albins
and Hixon 2008; Giakoumi 2014). Indirect effects of invasive species are more
challenging to measure, but occur in nature, such as when invasive plants negatively
affect natives by altering soil microbiota (Jordan et al. 2008). Most invasive organisms
likely have both direct and indirect effects, such as when physical parameters of the
environment are altered and affect the biology of the native species in the system
(Houston and Duivenvoorden 2002; Casas et al. 2004; Collingsworth and Kohler 2010;
Irigoyen et al. 2010).
In recent years, an invasive alga, Sargassum horneri, became established and
successfully spread along the southern California coast and associated offshore islands
(Miller et al. 2007; Marks et al. 2015). Native to northeastern Asia, it was discovered in
Long Beach Harbor in 2003 after presumably being transported in ballast water of large
freighters. By 2006 it had spread offshore to the western side of Santa Catalina Island,
California, and within a year it spread along the entire leeward coast of the island,
forming dense stands in numerous areas (Miller and Engle 2009). Since that time, it has
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also been continually documented at the majority of the California Channel Islands,
including Santa Cruz, Anacapa, Santa Barbara, and San Clemente Islands in California,
as well as Todos Santos Bay in Baja California, Mexico (Aguilar-Rosas et al. 2007;
Miller and Engle 2009; Marks et al. 2015). S. horneri is extremely fast growing (up to
4.46% day−1 in adult blade weight), and densities can exceed 1000 individuals m-2 and
100 individuals m-2, for recruits and adults, respectively (Choi et al. 2008; Marks et al.
2015). Thus, this introduced alga may be a formidable competitor against native algal
species.
S. horneri threatens an important native alga, the giant kelp (Macrocystis pyrifera,
hereafter Macrocystis), which dominates shallow subtidal rocky habitats throughout
southern California and northern Baja California (Dayton 1985) and provides physical
structure that is critical to a variety of organisms, including adult and juvenile fishes
(Hobson and Chess 1976; Dayton 1985; Hallacher and Roberts 1985; Holbrook et al.
1990; Carr 1991a; Love et al. 1991; Anderson 2001). S. horneri may also be a useful
habitat for kelp forest fishes because of its high structural complexity, but because it does
not extend high into the water column and form canopies, it may not affect fishes in the
same way as giant kelp.
As an annual species that changes dramatically in size over the course of a year,
the effects of S. horneri on fishes may differ from those documented for perennial algal
species, like giant kelp (Yoshida et al. 1998). Embryos released during the late spring
develop into small (<5 cm tall) fern-like recruit thalli during the summer. As the water
temperature begins to cool during the fall, recruits grow into immature thalli (50-100
cm), which are supported by numerous gas bladders on vegetative blades. In its native
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range, S. horneri undergoes the greatest growth from October to November (Umezaki
1984) and a similar pattern of growth is evident along the coast of California (personal
observation). Vertical growth slows as thalli reach maturity at 75-125 cm, signaled by
the formation of elongated reproductive receptacles on blades. After the release of
fertilized conceptacles attached to reproductive receptacles, the alga enters the final
senescent stage (100-200 cm) during the late winter and spring months, at which time it
decomposes and the associated structure disappears.
My goal was to determine whether the invasive alga S. horneri alters the structure
of the kelp forest fish assemblage. I hypothesized that the effect of S. horneri on each fish
species would depend in part upon how that species uses native macroalgae, including
Macrocystis. For example, if S. horneri negatively affects Macrocystis than it is likely to
have a negative effect on kelp perch, which have been studied to be positively correlated
with the native alga (Anderson 1994). To explore the effects of this invasive alga on
fishes, I addressed two objectives: (1) used stratified surveys to observationally assess the
relationship between fish assemblage, and algal and structural habitat composition in
historical native kelp bed sites, and (2) used a field experiment to test the effects of S.
horneri on fish assemblage structure by comparing it between plots on which S. horneri
had been removed or left in place.

Methods
Study Area
This study was performed on several rocky reefs along the western leeward side
of Santa Catalina Island, California from Arrow Point (33º 28’ N, 118º 32’ W) to Lion
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Head (33º 27’ N, 118º 30’ W). These rocky reefs historically have been dominated by
large macroalgal beds, and are separated from each other by extensive areas of sandy
bottom. Canopy forming Macrocystis typically has been the dominant alga in this area,
but during years when Macrocystis is sparse or absent, smaller, native understory
macroalgae, like Sargassum palmeri, blanket the reefs.
I conducted research for my first objective from summer 2014 to winter 2016,
surveying during the summer and fall of 2014, summer of 2015, and the winter of 2016.
Surveying over this time range enabled me to document dramatic annual changes in size,
structure, and biomass of S. horneri as it progressed through recruit, immature, mature,
and senescent stages. I sampled 8 sites (Arrow Point, Indian Rock, Howland, East
Howland, Big Geiger, Sphinx Rock, Between Two Ferns, and Lion Head) during each
sampling period (Figure 1), except that only 6 were sampled during summer 2015
because two of the sites (Howland and Lion Head) had been used as experimental sites
during the winter 2014. Sites ranged in area from ~400 m × 30 m to ~200 m × 30 m.
They were biologically and physically representative of shallow reefs along the leeward
coast of the island.
To address my second object, I conducted a S. horneri removal experiment at two
sites that were similar to one another and close together. These two reefs, Lion Head (33º
27’ N, 118º 30’ W) and Howland (33º 27’ N, 118º 31’ W) (Figure 1), had similar
densities of S. horneri and similar physical substrata. Both also had headlands that
sheltered portions of the reefs from strong northwesterly swells, characteristic of winter
months.
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Observational Study
I assessed the relationship between the structure of assemblages of reef fishes and
habitat composition by conducting underwater transect surveys on SCUBA. I quantified
fish and algal abundance, as well as substratum composition along 30-m-long stratified
transects. Each transect was separated from the next nearest by 20 m. Transects were
placed at two bottom depths: 3 and 6 m. I focused on these depths because S. horneri is
most abundant at these depths (personal observations), thereby,most likely to impacting
the local ecology there. The number of transects placed at each site varied to ensure
adequate coverage, with the smallest site having 3 transects at each depth (6 total) and the
largest having 7 transects at each depth (14 total).
I counted fishes in a 2-m-wide × 4-m-high area along each 30-m-long transect
(240 m3). I first counted and estimated the size of conspicuous, mobile fishes while
swimming the length of the transect. I counted these mobile fishes as I laid out the
transect to limit disturbance by SCUBA divers. I then returned along the transect a
second time to count less mobile, benthic fishes, which were less likely to be disturbed by
divers.
I quantified macrophytes (algae and surfgrass) in a few ways, depending on their
size. Densities of Sargassum species (S. horneri, S. muticum, and S. palmeri) were
estimated by counting individuals (“plants”) in 10 randomly placed 0.25-m2 quadrats
(one every 3 m) along each transect. Individuals of each species were classified as
recruits (<5 cm), immature (>5 cm and without reproductive conceptacles), mature (>5
cm and with reproductive conceptacles), and senescent (>5 cm and reproductive
conceptacles spent). Other understory macrophytes were sampled as percent dominant
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cover within the 0.5 m × 0.5 m quadrats. Twenty-five squares divided each quadrat
evenly (demarcated by strings), and the taxon that occupied the majority of each square
was recorded. From this, ‘percent cover’ of each dominant taxon was calculated, however
at the species level, rare taxa are probably under sampled. If no algae were present then
the square was classified as bare. Understory algae other than Sargassum species and
surfgrass (Phyllospadix spp.) were classified to the level of genus. During the winter
2016, Sargassum species were quantified as percent cover rather than densities due to
time constraints. Densities of adult Macrocystis (>1 m) were estimated by counting the
number of individuals and stipes of each individual within the 2-m width of each 30-mlong transect. Eisenia arborea (southern sea palm) was also quantified along the 30 m ×
2 m transects, by counting blades on individuals with a thallus >20 cm tall.
Lastly, I estimated the percent cover of physical substrata using the uniform point
contact (UPC) method within the randomly placed 0.25-m2 quadrats used to sample
understory algae. At each of 16 uniformly spaced points within the quadrat, I recorded
the presence of bedrock (>100 cm in longest dimension), large boulder (75-99.9 cm),
medium boulder (50-74.9 cm), small boulder (25-49.9 cm), cobble (<25 cm), sand, or
shell debris.

Statistical Analyses of Observational Study
I used permutational multivariate analysis of variance (PERMANOVA) to test for
differences among the 4 sampling periods (fixed factor), 8 sites (fixed factor), and 2
depths (fixed factor) on the multivariate fish assemblage. I was most interested in
differences among time periods and depths because I wished to know whether period
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changes in S. horneri life stages and abundance, and depth differences in the algal
assemblage might affect the fish assemblage. I summarized the multivariate fish
assemblage using a Bray-Curtis dissimilarity matrix. I visually summarized the fish
assemblage structure using non-metric multidimensional scaling (nMDS) to help interpret
the results of the PERMANOVA. Using the same model (time periods, sites, and depths),
I also used ANOVA to test for differences in two univariate measures of fish assemblage:
total fish density and richness.
I used the DistLM (distance based linear modeling) procedure in the
PERMANOVA add on for PRIMER to evaluate whether the fish assemblage structure
could be predicted from the abundance of S. horneri and other habitat variables. DistLM
is the multivariate analog of linear regression, and can be used to reveal which
combination of habitat predictor variables explains the most variation in the multivariate
fish assemblage (as summarized by a Bray-Curtis dissimilarity matrix). In the DistLM
procedure, I used the best subsets procedure, AICc selection criterion, and r2 to identify
which habitat variables were the best predictors of the fish assemblage structure. I used
principal component analysis (PCA) to provide a multivariate summary of proportion of
algal functional groups or physical substratum. Principal components (PCs) constructed
from proportion data, as well as other habitat predictors measured as densities were
included in the DistLM analysis. Summer 2014, fall 2014, and summer 2015 were
analyzed together, while winter 2016 was analyzed separately because sampling methods
differed during this sampling period.
I observed large shifts in algal composition among the first 3 sampling periods
(summer 2014, fall 2014, and summer 2015), and these algae are important for fishes, in
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the form of predator refuge, nutrition, or prey capture (Hallacher and Roberts 1985;
Behrents 1987; Holbrook and Schmitt 1988; Holbrook et al. 1990; Anderson and Sabado
1995; Anderson 2001). I used Pearson’s correlation to explore whether historically
important giant kelp, foliose brown algae, turf algae, were correlated with 2 prevalent
stages (recruit and immature) of S. horneri (n = 180 transects). The last sampling period
was not included in this analysis because it was restricted to 6-m depth. Algal survey
methods during the sampling period were slightly different due to time and weather
constraints; Sargassum species abundances were quantified as percent cover.
To test the hypothesis that important fish species were affected by Sargassum
horneri, I used multiple linear regression including this alga and other variables as
predictors of fish density. To ascertain which fish species to include as response
variables, I used the SIMPER (Similarity Percentages) function in Primer and selected
those species that contributed to most (90%) of the variation in the Bray-Curtis
dissimilarity matrix. All statistically significant predictor variables that resulted from the
DistLM analysis described in the previous section were used in the multiple linear
regression model. Habitat predictor variables that significantly explained variation in the
fish assemblage during the winter were supplemented with additional habitat types,
including biological and physical PCs, that were more representative of the overall reef
landscape. I completed two separate analyses, one for the first 3 sampling periods
(summer 2014, fall 2014, and summer 2015) and one for the final sampling period
(winter 2016) because sampling methodology was slightly different due to logistical
constraints.
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Prior to performing all analyses, fish and algae density data were log (x + 1)
transformed, and substrate and algae percent cover data were arcsin square root
transformed to meet the assumptions of normality and homoscedasticity (Sokal and Rohlf
1995). Algae measured as percent cover were first grouped according to relative size and
morphology (Table 1). To compare habitats measured as densities and percent cover, I
divided transformed values by the standard deviation determined across time periods for
each habitat variable (Sokal and Rohlf 1995). Transects were used as the fundamental
unit of replication (n = 213 total transects).
Sargassum horneri Removal Experiment
A removal experiment was conducted at two study sites that were similar in
topography, biology, and exposure to oceanographic conditions. There were 2 treatments:
removal (complete removal of all S. horneri) and control (no removal). At each site, there
were 7 replicates of each of the two treatments, making 14 plots per site and 28 plots
total. Plots were 6 m × 6 m and were placed haphazardly, but such that the water depth of
the shallow edges were at least 3.5 m deep with the deepest edges often extended to 7.5
m. Adjacent plots were separated by at least 8 m to minimize movement of fishes among
them. Treatments were alternated so that each plot was not immediately adjacent to a plot
assigned the same treatment to eliminate potential effects that adjacent removal plots
could have on each other.
For the ‘removal’ treatment all S. horneri observed were removed. Removals
were performed during the winter (February 20-23, 2015) when there are few small
recruits (<5cm). Individuals were most readily found because competition among
individuals has occurred and fewer plants existed (as compared to more smaller plants).
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S. horneri individuals were also still immature during the removal, which reduced the
chance that removal activities could spread it and impact the experiment; most S. horneri
observed were ≥ 50 cm. S. horneri was cleared beyond the 6 × 6 m boundaries to
eliminate potential edge-effects; a circular area with a radius extending 8 m away from
the center of each plot was cleared. In total, approximately 4.25 metric tons of S. horneri
was removed. S. horneri was removed using two methods: 1) by hand, and 2) by hand
with a vacuum device (“Super Sucker”). For the first method, a team of divers removed
S. horneri by grabbing each individual by the holdfast, pulling it from the substratum,
and then placing it into a mesh bag that was later taken to the boat. For the second
method, divers used the same technique to remove individuals as the first method, but
instead of placing removed algae in a mesh bag, they fed the alga into a hose of an
underwater vacuum (“Super Sucker”), where it was pumped to the surface onto a boat.
This method has been used to remove invasive algae from reefs in Hawaii (Pala 2008)
and is similar to shellfish harvesting and other suction pumps used in aquatic
environments. All S. horneri removed was transported to shore, air-dried, and properly
disposed of.
Fishes were surveyed prior to removing S. horneri and after. Mobile,
conspicuous fishes were surveyed twice prior to removing S. horneri to obtain a baseline
estimate of the fish assemblage; and cryptic fishes were only surveyed once during this
pre-manipulation period because they are less mobile and presumably moving around
less. After removing all S. horneri, I surveyed fishes in the plots monthly from February
to July 2015. I first counted and estimated the size (to the nearest cm) of mobile fishes by
systematically swimming along the boundaries of each plot. I was able to thoroughly
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search the entire plot, while also minimizing any movement to and from the plot by fishes
in the area. I then counted and sized (cm) cryptic fishes in eight 1 × 1 m quadrats placed
in a stratified-random manner in each plot (Figure 2).

Statistical Analysis: Removal Experiment
I used repeated-measures PERMANOVA to test whether the multivariate fish
assemblage was affected by the removal of S. horneri, and whether the assemblage
changed over time. I included the following factors and their interactions in the model:
treatment (control vs. removal), time (sampling times 1-7), site (Lion Head and
Howland), and plot (nested within site × treatment). Because the first sampling period
(time 1) was prior to removal of S. horneri, if the removal affected the fish assemblage, a
time × treatment interaction would be expected. I summarized the multivariate fish
assemblage using a Bray-Curtis dissimilarity matrix. I used nMDS plots to help interpret
the results of the PERMANOVA.
Univariate metrics of fish assemblage that may have been affected by the removal
of S. horneri also were explored. Using the same model described previously, I
conducted a repeated-measures ANOVA using the general linear model procedure in
SYSTAT v.13 to determine whether total fish density or fish richness changed through
time. Again, a time × treatment interaction would indicate that removing S. horneri
affected fishes.
Average density for mobile fishes observed during the first two rounds of the first
trip was calculated to produce a “baseline density” for each fish species. Prior to
performing analyses, fish density data were log (x + 1) transformed to meet assumption
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of normality and homoscedasticity (Sokal and Rohlf 1995). Plots were used as the
fundamental unit of replication (n = 7 treatment-1 site-1 trip-1).

Results
Observational Study: Fish Assemblage Differences among Sites, Time Periods, and
Depths
The multivariate fish assemblage differed among time periods but did so
inconsistently between depths (PERMANOVA: period × depth: pseudo-F2,161 = 27.60, p
= 0.001). Visualizing multivariate data with multiple significant factors is difficult, so I
summarized time period and depth main effect differences of fish assemblages with
nMDS plots (Figures 3a-b). Visually, fall 2014, summer 2015, winter 2016 showed the
greatest overlap; and these 3 time periods were more similar to each other than they were
to summer 2014. Variation in the fish assemblage also decreased from the beginning of
my sampling in summer 2014 to the end of my sampling in winter 2016. Visually, the
fish assemblage at 6-m depth was similar between fall 2014, summer 2015, and winter
2016 (Figure 3c). This trend was consistent at 3-m depth, however, no surveys were
conducted at 3-m during the winter 2016 due to time constraints during this sampling
period.
Across sites, total fish density was lower in summer 2014 than during fall 2014,
summer 2015, and winter 2016, but these differences were somewhat inconsistent among
sites (period × site; F19,161 = 2.05; p = 0.01) (Figure 4a). Differences in total fish density
among time periods were also inconsistent between depths (period × depth; F2,161 = 63.5;
p < 0.001). Fish densities at 6 m during fall 2014, summer 2015, and winter 2016 were all
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similar to each other, but noticeably different than summer 2014 (Figure 4b). Fish
densities were similar at 3 and 6-m depth during summer 2014, but during other time
periods fish densities were greater at 6 m (Figure 4b).
Fish species richness also differed among sites in a pattern that was inconsistent
among time periods (period × site; F19,161 = 2.22; p = 0.004) (Figure 5a). Time period
differences in fish richness were observed (F3,161 = 36.49; p < 0 .001). Average fish
richness was greatest during the first sampling period (summer 2014) and lower during
subsequent sampling periods (fall 2014, summer 2015, and winter 2016). Fall 2014 and
summer 2015 were most similar to each across the 6 sites sampled during both periods.
Richness observed during winter 2016 was lower than other time periods at all sites. This
may have been due to the fact that fishes were only surveyed at 6-m depth during winter
2016, and fishes (i.e. kelpfishes) typically observed on shallower portions of the reef
would not have been observed and included in the analysis. At 6-m depth, where surveys
were conducted at each site and during each time period, fish richness was greatest
during summer 2014, second greatest during fall 2014 and summer 2015, and least during
winter 2016 (Figure 5b). Depth differences were not observed during sampling periods
where both depths were surveyed (F1,161 = 0.12, p = 0.73).

Predictors of Fish Assemblage Structure
The preceding analyses revealed significant variation in the fish assemblage. Next
I explored whether any of this variation could be predicted by algal abundance or
physical substrate. To reduce the number of predictor variables, I used Principal
Components Analysis (PCA) to summarize variation in algal abundance and substratum
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type. Four principal components (PCs) explained 72% (27, 22, 13, and 10%,
respectively) of the total variation in algal functional groups across summer 2014, fall
2014, and summer 2015 (Table 2a). Three PCs explained 70% (35, 19, and 16%,
respectively), of the total variation in physical substrate during the first 3 sampling
periods (Table 2b). Three algal PCs for winter 2016 summarized 78% (39, 24, and 15%,
respectively) of the total variation in algal functional groups (Table 2a). Similarly, three
PCs summarized 73% of total variation in physical substrate (33, 26, and 14%,
respectively) during the winter (Table 2b).
Pooled across summer 2014, fall 2014, and summer 2015, DistLM analysis
indicated that the fish assemblage was explained by several similarly-supported habitat
predictor models. The best supported model based on AICc criteria included 9 variables –
algal PC1, algal PC2, physical substrate PC1, Macrocystis, E. arborea, S. horneri
recruits, and immature, mature, and senescent S. palmeri (AICc = 1284.0; r2 = 0.49). A
model including 1 additional variable, physical substrate PC2, yielded a similarlysupported model (AICc = 1284.3; r2 = 0.50). A 10 variable model that included immature
S. horneri, rather than physical substrate PC2, was also similar to a 9 variable model
(AICc = 1284.4; r2 = 0.50). Notably, several larger algal types (Macrocystis, E. arborea,
immature S. horneri, and immature mature, and senescent S. palmeri) are major
components of at least one of these models, suggesting that their tall forms are important
in structuring the fish assemblage.
Models generated from transects located at 6-m depth during winter 2016 best
predicted the fish assemblage structure with 1 or 2 habitat variables, with immature S.
horneri being on of the habitat variables in both models. The most strongly supported
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model based on AICc (AICc = 174.1; r2 = 0.27) included only the cover of immature S.
horneri. Adding physical substrate PC2 to this model made the AICc value slightly worse
but the r2 value slightly higher (AICc = 174.4; r2 = 0.31).

Species-specific responses of fishes to habitat predictor variables
SIMPER analysis revealed that 7 fish species, 4 mobile (blacksmith, señorita,
rock wrasse, and kelp bass) and 3 cryptic (bluebanded and blackeye gobies, and spotted
kelpfish) fishes contributed significantly to the overall fish assemblage dissimilarity
across time periods and depths (Table 4). The garibaldi (Hypsypops rubicundus) also was
included because this species was observed on all except one transect.
Multiple linear regression (MLR) analysis was used to determine which habitat
types explained a significant amount of the variation in important fish species. Nine
variables from the model that best explained variation in the fish assemblage during the
first 3 sampling periods, plus an additional S. horneri stage that was prevalent, were used
in the MLR. Density of S. horneri recruits significantly predicted señorita (β = -0.32 p =
0.003), rock wrasse (β = 0.20, p = 0.02), garibaldi (β = 0.21, p = 0.04), bluebanded goby
(β = 0.32, p < 0.001), blackeye goby (β = -0.17, p = 0.003), and spotted kelpfish densities
(β = -0.39, p < 0 .001). Density of immature S. horneri only predicted bluebanded goby
densities (β = 0.13, p = 0.01) densities during the first 3 sampling periods (Table 5a).
Although a model that included just 3 predictor variables (immature S. horneri, and
physical substrate PC 1 and 2) best explained fish assemblage variation during the winter
2016, I included additional predictors in the MLR models for this period because they
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were more representative of the overall reef landscape. Out of all habitat types and fishes,
only immature S. horneri significantly predicted the density any fish species during
winter 2016, and this was only for one species, the bluebanded goby (β = -0.69, p = 0.02)
(Table 5b). Results for other fishes are provided in Table 5a-b.

Algal Correlations
To better understand whether S. horneri may have affected algal taxa that have
historically been important to kelp forest fishes, I explored correlations between 2 stages
of the invasive and 3 historically important algae (n = 180 transect replicates for each
correlation). Recruit S. horneri was weakly positively correlated with turf (r = 0.24, p =
0.001), but was not significantly correlated with Macrocystis (r = 0.14, p = 0.07) or
foliose brown algae (r = -0.09, p = 0.24). Immature S. horneri was negatively correlated
with Macrocystis (r = -0.33, p < 0.001), but not correlated with foliose brown algae (r = 0.13, p = 0.08) and turf (r = 0.06, p = 0.45). Macrocystis was also negatively correlated
with foliose brown algae (r = -0.48, p < 0.001) and positively correlated with turf (r =
0.51, p < 0.001). Foliose brown algae were negatively correlated with turf (r = -0.61, p <
0.001). Table 3 provides a complete list of correlations.

Removal Experiment: Fish Assemblage
Prior to removing S. horneri (time1), the fish assemblages did not differ between
the two treatments (PERMANOVA: pseudo-F1,27 = 0.58, p = 0.65). Although reefs used
in this portion of the study were chosen based on similarities in visual landscape (depth,
biotic and abiotic substrate, and orientation along coast), there were differences in fish
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assemblages between the 2 sites (pseudo-F1,27 = 10.83, p = 0.001). An nMDS plot shows
clear overlap of assemblage structure between treatments, but data points were grouped
by site (Figure 6a-b). There was no interaction between treatment and site (pseudo-F1,27 =
1.42, p = 0.24).
Across the 7 survey periods from early-February, late-February, March, April,
May, June, and July 2015 the treatment × time interaction was not statistically
significant, indicating that fish assemblages within control and removal plots were not
different between pre- and post-removal trips (pseudo-F6,144 = 0.65, p = 0.87; Figure 6c).
In other words, removing S. horneri did not measurably affect the fish assemblage. The
3-way interaction between treatment, time, and site was also not statistically significant
(pseudo-F6,144 = 0.84, p = 0.62). The interaction of treatment and site on fish assemblages
was not statistically significant (pseudo-F1,144 = 1.57, p = 0.21). The fish assemblage
differed significantly among time periods (pseudo-F6,144 = 9.56, p = 0.001) and between
the two study sites (pseudo-F1,144 = 5.90, p = 0.01), but the differences among times were
inconsistent between sites (time × site interaction; pseudo-F6,144 = 3.02, p = 0.001). There
were also significant differences in fish assemblages among plots (nested within site ×
treatment: pseudo-F24,144 = 0.84, p = 0.62).
Total fish density also was not affected by the removal of S. horneri. There was
no significant site x time x treatment interaction (F6,144 = 1.14, p = 0.35) or time ×
treatment interaction (F6,144 = 0.45, p = 0.85; Figure 7). The greatest difference in total
fish density between the control and removal plots occurred during trip 7 (control: 21.8
fish ± 2.4 fish m-3 versus removal: 26.9 ± 3.1 fish m-3), but these differences were not
statistically significant. Fish densities became more similar after trip 2 during trips 3, 4,
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and 5 (Figure 7). Total fish density was significantly affected by the interactions between
site and time (F6,144 = 9.15, p < 0.001), and site and treatment (F1,144 = 9.07, p = 0.003).
On average, the total fish density at Lion Head was greater than Howland (Lion Head:
15.9 ± 0.9 fish m-3 versus Howland: 11.7 ± 0.8 m-3), and there were more fish per unit
area in removal plots compared to control plots (removal: 15.0 ± 1.0 fish m-3 versus
control: 12.6 ± 0.8 fish m-3) (Figure 8); the difference in magnitude between the two
treatments was greatest at Howland.
Fish species richness was also not affected by the removal of S. horneri. The
interaction between treatment and time was not significant (F6,144 = 0.91, p = 0.49), nor
was the time × site × treatment interaction (F6,144 = 0.97, p = 0.45) (Figure 9). Other
interaction terms in the model also were not significant (site × treatment: F1,144 = 0.22, p
= 0.64; site × time: F6,144 = 1.97, p = 0.07). Richness did not differ between control and
removal plots (main effect of treatment: F1,144 = 0.66, p = 0.42). Fish richness differed
significantly between sites (F1,144 = 27.46, p < 0.001), with higher species richness at
Howland than at Lion Head (7.0 ± 0.2 vs. 6.1 ± 0.1 fish species plot-1, respectively). Fish
richness differed significantly among times (F6,144 = 17.02, p < 0.001). There was slightly
lower fish richness during the final 3 survey periods. An average of 7.0 ± 0.2 fish species
plot-1 were observed in control plots during the first 4 trips compared to 6.2 ± 0.2 species
plot-1 during the last 3 trips. The trend was consistent within removal plots, as well; 6.8 ±
0.3 fish species plot-1 were counted during the first 4 trips, but only 6.0 ± 0.2 species plot1

were observed during the trips from May through July 2015. Species richness did not

differ significantly among plots (F24,144 = 1.29, p = 0.18). The 6 most common fish
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observed among all plots were blacksmith, garibaldi, kelp bass, rock wrasse, senorita, and
the bluebanded goby.

Discussion
I found invasive S. horneri to have minimal effects on kelp forest fishes, despite a
strikingly different landscape observed naturally during different seasons or between
manipulated plot types,. Results from the field experiment provide the strongest evidence
that S. horneri has little effect on kelp forest fishes. Although areas cleared of the
invasive alga were dramatically different from to unaltered areas visually, there were no
statistical differences in multivariate or univariate metrics of fish assemblage between the
two treatments. It is likely that the highly dynamic nature of kelp forest ecosystems has
selected for kelp forest organisms that are capable of being resistant and resilient to the
changes that are characteristic of temperate algal-based ecosystems. Kelp forests are
susceptible to a variety of biological and physical forces that often result in large-scale
mortality of giant kelp, but this species often regrows within a short period after
conditions become more favorable (Dayton et al. 1984; Ebeling et al. 1985). Thus, the
resident fishes may be predisposed to tolerating changes in algal communities, including
the appearance of invasive species of algae. It is worth noting that I was only able to test
the effects of S. horneri and not those of other algae. A more comprehensive experiment
would be required to examine the effects of other key algae, notably Macrocystis, which
was not present on reefs during my experiment.
By conducting an observational study I found that multivariate and univariate
metrics of fish assemblage differed significantly among time periods, with the greatest
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visible change in assemblage occurring between summer and fall 2014. After the change,
the fish assemblage did not greatly differ among summer 2014, summer 2015, and winter
2016. Pooled across the first 3 sampling periods, several algal and physical substrates,
including S. horneri, S. palmeri, Macrocystis, explained about 50% of the variation in the
structure of the fish assemblage. During the winter, it was unsurprising that immature S.
horneri was the lone variable that comprised the model that best predicted the fish
assemblage; it was visibly and quantitatively the most dominant algal species inhabiting
each reef. Several specific fish species were weakly predicted by S. horneri recruits, and
variation in only bluebanded goby density was weakly explained by immature S. horneri.
An experiment that compared the fish assemblage within S. horneri removal areas to
unaltered areas revealed that S. horneri minimally did not drive changes in multivariate
and univariate measures of the fish assemblage; the fish assemblages between the two
areas were not statistically different. Univariate metrics of the fish assemblage (fish
density and richness) were also not different between manipulated and unmanipulated
plots over time.
During my observational study there were stark differences in the algal landscape
across three time periods, providing the opportunity to compare the fish assemblage
during a time with abundant Macrocystis pyrifera with periods when this macroalga was
virtually absent and the invasive Sargassum horneri was dominant. During the summer
2014, tall Macrocystis was abundant on each of the 8 reefs studied, but it was virtually
absent in the fall of the same year. Reefs became dominated by immature S. horneri that
were frequently 25-75 cm tall, and during the summer 2015 reefs were carpeted in S.
horneri recruits <5-cm tall. My results show that the fish assemblage dramatically
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changed following the disappearance of giant kelp, but surprisingly there was only a
slight difference in fish assemblage when S. horneri was tall (25-75 cm) and short (<5
cm) between the summer 2014 and 2015. The large assemblage change following the
disappearance of kelp, minimal change following a large shift in S. horneri heights, and
lack of experimental evidence of fish assemblage differences strongly suggests that there
is minimal impact of S. horneri on fish assemblages at the temporal scale of this study.
Macrocystis, rather than S. horneri, appears to be a more significant driver of differences
in kelp forest fish assemblages. From the perspective of the abundant reef fishes, S.
horneri may be just another understory alga.
Many studies have found that presence of giant kelp coincides with a greater
numbers of fish species or higher abundance of particular species (Moreno and Jara 1984;
Stephens et al. 1984; Bodkin 1988; Anderson 1994; Schmitt and Holbrook 1990; Deza
and Anderson 2010), but others have found opposing results (Stephens et al. 1984;
Ebeling and Laur 1988). Species that are affected positively by giant kelp typically reside
in the canopy or midwater (Carr 1983; Bodkin 1988; Deza and Anderson 2010). In a
study of fish assemblages off of Palos Verdes, California, Stephens et al. (1984)
concluded that the presence or absence of giant kelp had little effect on most fish species
in a high-relief environment. Similarly, others have found that there little effect on many
of the common fish species when reefs transitioned from urchin barrens to kelp forests
(Ebeling and Laur 1988; DeMartini and Roberts 1990). Results from my study are
somewhat in accordance with both sets of findings: a change in fish assemblage did occur
after giant kelp disappeared from reefs; but little change in assemblage occurred across
time periods with structural changes in S. horneri.

25

The overarching goal of my study was to determine whether an invasive alga, S.
horneri, affected the multivariate fish assemblage. Out of the 8 fishes deemed as
important contributors to the overall fish assemblage, S. horneri recruit density
significantly explained the variation in 6 fishes during the first 3 survey periods (Table
5). However, despite the visible dominance of S. horneri during certain periods of the
year, particularly the fall and winter, standardized β coefficient values never exceeded
|0.4|, which suggests that the effects of the invasive alga on fishes is weak, at best.
When the first 3 sampling periods were pooled, a weak positive relationship
between bluebanded goby density and S. horneri recruit density was observed. It is
possible that mesograzers associated with the low-lying stage of alga enhanced food
availability closer to the benthos, where the fish resides. A weak negative relationship
between percent cover of immature S. horneri and bluebanded goby density was
observed during the separately analyzed winter sampling period, but likely resulted from
a decline in food; when S. horneri was tall during the winter 2016, food in the water
column may have not been able to penetrate under the thick cover of immature S.
horneri. Bluebanded gobies seldom forage directly off substrate and instead dart from the
substratum to capture prey in the water column (Hartney 1989). The weak positive
relationship observed during the first sampling period most likely stems from a decrease
in predation due to the low-lying alga visibly obscuring larger predators, such as kelp
bass, from their prey. When the invasive grew taller into immaturity, the biomass of S.
horneri became more concentrated off of the benthos, and I frequently observed
predatory kelp bass maneuver underneath the immature canopy. The increased
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maneuverability and visibility of a common predator after S. horneri grew taller, provides
the most reasonable data driven explanation for the observed negative relationship.
Some differences in the fish assemblage among sampling periods are also likely
due to anomalously high sea surface temperatures that occurred during this study as a
result of the El Niño Southern Oscillation (ENSO) event that occurred in the eastern
Pacific during this study. In California, warmer water temperatures are typically
associated with greater recruitment of certain fishes (Ebeling and Laur 1988; Stephens et
al. 1994; Lenarz et al. 1995). However, an increase in sea surface temperature also
produces unfavorable oceanographic conditions that typically result in lower biological
productivity (Barber and Chavez 1983; Lenarz et al. 1985; Chavez et al. 1999). Densities
of some fish species that have an affinity for warm water increased dramatically over the
course of this study. For example, rock wrasse density increased ~6.5-fold from summer
to fall 2014, presumably due to high recruitment. Similarly, bluebanded goby densities
increased by nearly 16-fold between summer and fall 2014 and explained a majority
(>56%) of the dissimilarity in fish assemblage during summer 2014, fall 2014, and
summer 2015. In contrast, some normally abundant species were virtually absent from
reefs following the summer 2014, such as the blackeye goby. Love and Schroeder (2007)
attributed the increase in blackeye gobies in the deep photic zone (~60 m depth) over
nearly a decade to a more favorable oceanographic regime shift from low productivity
and warm water to high productivity and cool water. Along those lines, some of the
decline in blackeye goby density was likely due to above average water temperatures. My
deductions remain purely speculative because I did not measure oceanographic features
that relate to fishes. However, my S. horneri removal experiment, in conjunction with
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observational evidence that differences in fish assemblages are minimally due to S.
horneri, provides evidence that the invasive alga is likely secondary to oceanographic
drivers of differences in kelp forest fish assemblages.
Although I was fortunate to observe dramatic changes in the reef landscape over a
year and half, changes in animal populations often occur at longer time scales (Jones
1990; Crooks and Soule 1999; Thompson and Ollason 2001; Rodriguez-Sanchez et al.
2002). S. horneri has been established at Santa Catalina Island for approximately 10
years, but it is only in recent years that this alga has become the dominant macroalga
during specific times of the year (personal observation). Historically, a native congener of
S. horneri, S. palmeri, has dominated reefs at Catalina Island during periods when
Macrocystis was absent (described by Carr 1991b and Anderson 1994). When conditions
became more favorable for Macrocystis, it was able to become re-established and S.
palmeri receded. A similar phenomenon may also occur with S. horneri, and effects that
may take longer to develop may be revealed, such as occurs with indirect trophic
cascades (Babcock et al. 2010). Furthermore, exploring more vulnerable life stages of
fishes that have been shown to have an affinity for native kelps, like the kelp bass, will
aid in predicting the impact of S. horneri on the kelp forest ecosystem that may not have
yet developed.
The term “invasive” often carries negative connotations. Introduced species that
thrive in their new environments often do so at the cost of native species, and managers
have recently prioritized minimizing the transport and establishment of non-native
organisms (Lavoie et al. 1999; Drake and Lodge 2004; Bai et al. 2005; Costello et al.
2007). Despite a drastic change in underwater landscape, my study revealed little
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evidence of negative effects of S. horneri on fishes. Although there was a considerable
difference in fish assemblages between time periods when a native kelp was present
versus when S. horneri was the dominant alga, other factors, primarily ENSO conditions,
may provide a more likely explanation for observed differences. Although this study
found little evidence of negative effects of this non-native alga on fishes, I would still
advise cautionary management actions to limit the movement of S. horneri because its
effects on other community members, such as other algal species, are likely detrimental.
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Tables
Table 2.1. Algal types classified into functional groups. The method of measurement is
also indicated.
Functional Group
articulated corraline algae

Algal Types
articulated coralline

Measurement Method
% cover

encrusting corraline algae

encrusting coralline

% cover

Sargassum spp.

Sargassum spp.

% cover

small brown kelp

Eisenia arborea

density along transect

juvenile Macrocystis pyrifera

density in quadrat

Egregia menziesii

density along transect

adult Macrocystis pyrifera

density along transect

Colpomenia spp.

% cover

Cystoseira spp.

% cover

Dictyota spp.

% cover

Dictyopteris spp.

% cover

Halidrys spp.

% cover

Hydroclathrus spp.

% cover

Zonaria spp.

% cover

Pachydictyon spp.

% cover

Scytosiphon spp.

% cover

Chondracanthus spp.

% cover

Cryptopleura spp.

% cover

Laurencia spp.

% cover

Rhodomenia spp.

% cover

Prionitis spp.

% cover

foliose green algae

Codium spp.

% cover

filiform red algae

filiform red algae

% cover

Gelidium spp.

% cover

Pterocladiella spp.

% cover

Plocamium spp.

% cover

Microcladia spp.

% cover

large brown kelp
foliose brown algae

foliose red algae

Asparagopsis spp.

% cover

Phyllospadix

Phyllospadix spp.

% cover

turf

brown turf

% cover

green turf

% cover

red turf
bare

% cover
% cover

bare live (sessile invertebrate)

% cover

unknown

unknown

% cover

recruit Sargassum horneri

recruit Sargassum horneri

density/% cover

immature Sargassum horneri

immature Sargassum horneri

density/% cover

bare
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mature Sargassum horneri

mature Sargassum horneri

density/% cover

fertile Sargassum horneri

fertile Sargassum horneri

density/% cover

senescent Sargassum horneri

senescent Sargassum horneri

density/% cover

recruit Sargassum muticum

recruit Sargassum muticum

density/% cover

immature Sargassum muticum

immature Sargassum muticum

density/% cover

mature Sargassum muticum

mature Sargassum muticum

density/% cover

fertile Sargassum muticum

fertile Sargassum muticum

density/% cover

senescent Sargassum muticum

senescent Sargassum muticum

density/% cover

recruit Sargassum palmeri

recruit Sargassum palmeri

density/% cover

immature Sargassum palmeri

immature Sargassum palmeri

density/% cover

mature Sargassum palmeri

mature Sargassum palmeri

density/% cover

fertile Sargassum palmeri

fertile Sargassum palmeri

density/% cover

senescent Sargassum palmeri

senescent Sargassum palmeri

density/% cover

Densities of Sargassum horneri, S. muticum, and S. palmeri were measured during the summer 2014, fall 2014, and
summer 2015, while percent cover was measured during the winter 2016 due to time and weather constraints.
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Table 2.2a-b. Results of PCA on (a) algal functional groups and (b) physical substratum across reefs during the first 3
(summer 2014, fall 2014, and summer 2015) and last (winter 2016) survey periods. Algal functional groups are indicated by
AC (articulated coralline), EC (encrusting coralline), fol. brown (foliose brown algae), fol. red (foliose red algae), fili. red
(filiform red algae, Codium spp., Phyllospadix spp., turf, and bare substrate. The majority (>60%) of the variation explained by
the first 3 principal components and its coefficient are listed.
(a)
time period
Summer 2014
Fall 2014
Summer 2015
Winter 2016

PC % variation
1
27.2
2
22.1
3
12.6
1
39
2
23.9
3
15

AC
0.43
0.10
-0.23
0.03
-0.11
-0.04

EC fol. brown fol. red
-0.32
0.40
0.02
0.50
0.19
-0.52
-0.02
0.29
0.23
-0.07
0.09
-0.05
0.63
-0.58
-0.10
-0.17
0.52
0.06

fili. red Codium Phyllospadix
0.38
0.10
0.27
-0.34
0.17
-0.14
0.31
0.20
-0.81
0.01
-0.98
0.00
-0.04
-0.05
0.00
-0.03
0.13
0.00

turf
-0.50
-0.14
-0.06
0.01
0.10
0.14

(b)
time period

PC

% variation

bedrock

Summer 2014
Fall 2014
Summer 2015

1
2
3
1
2
3

35.2
18.9
16.3
33.1
26.1
14.4

0.62
-0.02
-0.18
0.25
0.25
-0.36

Winter 2016

large
boulder
-0.33
-0.02
-0.17
0.64
-0.17
0.27

medium
boulder
-0.52
-0.13
-0.20
-0.46
0.55
0.44
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small
boulder
-0.45
-0.01
-0.20
0.00
-0.53
0.58

cobble

sand

shell

-0.12
0.34
0.80
-0.43
-0.53
-0.47

-0.09
-0.55
0.48
-0.36
-0.22
0.23

0.10
-0.75
0.05
0.00
0.00
0.00

bare
-0.28
-0.50
-0.09
0.08
0.48
0.82

Table 2.3. Correlations among important algal types on reefs pooled across summer 2014, fall 2014, and summer 2015 survey
periods. Transects are replicates (n = 180). Pearson correlation coefficients (r) are given. Values noted with * and ** represent
significant correlations at p < 0.05 and p < 0.001, respectively.
recruit S. horneri immature S. horneri
recruit S. horneri
immature S. horneri
Macrocystis
foliose brown algae
turf

1
-0.09
0.14
-0.09
*0.24

Macrocysti
s

1
**-0.33
-0.13
-0.06

1
**-0.48
**0.52
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foliose brown algae

1
**-0.61

turf

1

Table 2.4. The percent contribution of each species to a Bray-Curtis dissimilarity matrix
of the fish assemblage across time periods and depths that was revealed by (SIMPER)
analysis. Garibaldi did not contribute to 90% of the total dissimilarities, but was observed
on 99% of all transects (n = 180).
Fish species
Chromis punctipinnis
Oxyjulis californica
Halichoeres semicinctus

Common name % Contributed to Dissimilarity
blacksmith
14.2
señorita
4.3
rock wrasse
2.3

Paralabrax clathratus
Hypsypops rubicundus
Lythrypnus dalli
Rhinogobiops nicholsii
Gibbonsia elegans

kelp bass
garibaldi
bluebanded
blackeye goby
goby
spotted kelpfish

1.9
.
56.4
7.9
4.4
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Table 2.5a-b. Results of multiple linear regressions that tested whether multiple habitat predictor variables explained variation
of 8 fishes during a) summer 2014, fall 2014, and summer 2015, and b) winter 2016. Bolded terms are significant at α < 0.05.
a) Summer
2014, Fall
2014, &
Summer
2015
β
blacksmith
p
β
señorita
p
rock wrasse β
p
β
kelp bass
p
garibaldi
β
p
bluebanded β
p
goby
β
blackeye
p
goby
β
spotted
p
kelpfish

Algal PC
1
-0.13
0.23
0.15
0.16
0.03
0.75
-0.52
<0.001
0.07
0.48
-0.54
<0.001
-0.22
<0.001
0.35
<0.001

Algal
PC 2
-0.08
0.44
0.02
0.82
0.29
<0.001
0.08
0.41
0.27
0.004
0.18
0.001
-0.15
0.01
0.01
0.86

Phys
PC 1
0.24
0.01
-0.03
0.74
0.03
0.73
-0.05
0.53
0.19
0.02
0.07
0.12
-0.07
0.13
0.01
0.93

Macrocystis
-0.19
0.12
0.20
0.09
-0.17
0.05
0.11
0.28
-0.19
0.07
-0.57
<0.001
0.71
<0.001
-0.04
0.61

E.
arborea
-0.07
0.42
-0.13
0.11
0.18
0.01
0.03
0.68
0.04
0.59
-0.08
0.04
-0.06
0.19
0.04
0.54
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S.
horneri
(rec.)
-0.13
0.25
-0.32
0.003
0.20
0.02
-0.03
0.73
0.21
0.04
0.32
<0.001
-0.17
0.003
-0.39
<0.001

S.
horneri
(imm.)
0.04
0.71
-0.03
0.77
0.09
0.25
0.12
0.18
0.01
0.90
0.13
0.01
0.00
0.97
-0.13
0.08

S. horneri
(sen.)
0.08
0.38
0.13
0.11
-0.10
0.11
-0.11
0.15
-0.06
0.41
-0.03
0.46
0.07
0.11
0.01
0.88

S.
palmeri
(imm.)
-0.09
0.30
-0.04
0.63
0.10
0.16
0.00
0.97
0.07
0.41
-0.10
0.03
0.01
0.82
-0.06
0.33

S. palmeri
(mat.)
-0.04
0.67
-0.10
0.24
0.27
<0.001
0.03
0.74
0.24
0.001
0.03
0.45
-0.11
0.02
0.01
0.83

S. palmeri
(sen.)
-0.01
0.93
-0.01
0.95
0.07
0.29
-0.06
0.40
-0.09
0.25
0.05
0.24
0.04
0.42
-0.06
0.36

b) Winter 2016
blacksmith
señorita
rock wrasse
kelp bass
garibaldi
bluebanded
goby
blackeye
goby
spotted
kelpfish

β
p
β
p
β
p
β
p
β
p
β
p
β
p
β
p

Algal
PC 1
0.14
0.50
0.07
0.75
0.00
0.98
0.01
0.94
0.16
0.36
-0.16
0.26
0.08
0.70
0.18
0.40

Algal
PC 2
0.20
0.53
-0.10
0.75
0.22
0.39
-0.27
0.34
0.56
0.05
0.31
0.17
0.05
0.87
-0.14
0.67

Algal
PC 3
-0.13
0.71
0.01
0.98
0.32
0.26
0.06
0.84
0.31
0.30
-0.06
0.80
0.05
0.88
-0.17
0.63

Physical
PC 1
0.01
0.97
-0.11
0.61
-0.22
0.20
-0.26
0.16
0.10
0.57
0.05
0.73
-0.10
0.62
0.17
0.43

Physical
PC 2
0.34
0.17
0.27
0.30
-0.31
0.12
-0.31
0.16
0.20
0.33
0.19
0.26
0.16
0.51
-0.22
0.37

Physical
PC 3
-0.29
0.16
-0.17
0.42
-0.05
0.76
-0.02
0.90
0.03
0.86
0.03
0.85
-0.07
0.72
0.17
0.43
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S. horneri
(rec.)
-0.06
0.42
-0.06
0.74
0.31
0.36
0.12
0.85
0.02
0.97
-0.69
0.02
0.33
0.70
0.16
0.14

S. horneri
(imm.)
0.16
0.89
0.07
0.90
0.15
0.37
0.03
0.74
-0.01
0.96
0.04
0.80
0.08
0.44
-0.31
0.70

S. palmeri
(imm.)
0.27
0.30
0.14
0.61
0.42
0.06
0.22
0.35
0.44
0.06
0.19
0.29
-0.14
0.58
-0.09
0.73

Figures

Figure 2.1. Study reefs that were surveyed along the western leeward side of Catalina
from summer 2014 to winter 2015. Howland and Lion Head were converted into
experimental reefs during winter 2014 and not included in observational surveys during
summer 2015 and winter 2015.
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3m

3m

3
m

3
m

Figure 2.2: Diagram of a 6 × 6 m plot as an example, showing 8 randomly stratified 1 ×
1 m sampling quadrats, 2 within each 3 × 3 m section of the plot.
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Figure 2.4a-b. Fish density (mean no. of individuals m-3 ± SE) during 4 sampling periods
at a) 8 reefs and b) 2 depths. No data (ND) was collected at a) Lion and Howl during
summer 2015, or at b) 3 m during winter 2016.
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Figure 2.5a-b. Fish richness (mean no. of fish species ± SE) during 4 sampling periods at
a) 8 reefs and b) 2 depths. No data (ND) was collected at a) Lion and Howl during
summer 2015, or at b) 3 m during winter 2016
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Figure 2.6a-c. nMDS plot of fish assemblage during pre-removal
(trip 1) displaying the factors: a) treatment and b) site, and c)
trips 1-7 showing control and removal plots. Each point
represents a single experimental plot.
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Figure 2.7. Density of fish (mean no. individuals of all species m-3 ± SE) on control and
removal plots during all survey trips. S. horneri was removed between periods 1 and 2.
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Figure 2.8. Fish density (mean no. individuals of all species m-3 ± SE) at both study sites
during all survey trips. S. horneri was removed between periods 1 and 2.
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Figure 2.9. Fish richness (no. fish species plot-1 ± SE) of control and removal plots
during all survey trips. S. horneri was removed between trips 1 and 2.
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Chapter 3: Comparing recruitment rates of a popular sport fish to a
native and non-native alga
Introduction
As technological advancements allow humans to travel to distant places with
relative ease, they sometimes move organisms across physiological or ecological barriers
that once served as natural population constraints (Parendes and Jones 2000; Courchamp
et al. 2003; Haran et al. 2015). Despite the increased rate of transportation across
barriers, most introduced organisms perish because they are not adapted to their new
environment, or reproductive isolation hinders conspecifics from perpetuating the
population (Lodge 1993; Bufford and Daehler 2014). However, when invasive species
thrive and reproduce, their introduction into an ecosystem often results in major
ecological or economic damages (Mack et al. 2000; Lovell and Stone 2005; Pimentel et
al. 2005).
Sargassum horneri is a macroalga that is native to northeastern Asia, but has
recently invaded the waters of California and Mexico. Presumably transported in ballast
water, it was first discovered in Long Beach Harbor in 2003. By 2006 it had been
introduced to the western side of Santa Catalina Island, California and within a year
spread along the entire leeward coast, forming dense stands in numerous areas (Miller
and 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 coasts,
dominating in many areas including reefs that once supported large native kelp beds
(Aguilar-Rosas et al. 2007; Miller et al. 2009; Marks et al. 2015). Similar to a relative
that invaded California’s water in the 1960’s, Sargassum muticum, S. horneri has
buoyant conceptacles well suited for widespread dispersal and is monoecious (able to
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self-fertilize), traits that have likely contributed to its establishment and spread (Miller et
al. 2007; Marks et al. 2015). Although not all exotic species are ecologically harmful, S.
horneri has attributes that may allow it to outcompete marine flora that influence the
community structure of fishes (Miller et al. 2007). S. horneri is an annual and its biomass
is predictably variable throughout the year. During the summer and early fall 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. Its physical structure (bushy and ~2 m
tall) and predictable seasonal lifecycle (predominantly ≤5-cm-tall recruits during late
summer and fall) differ greatly from giant kelp, which is less physically complex and
may exceed 45 m in length, and is a perennial, living several years under favorable
conditions. Based on these differences many are concerned that this invasive species may
significantly affect kelp forest communities.
As a recent invader, the ecological effects of S. horneri have not been
documented in California, but anecdotal evidence suggests that this non-native alga now
threatens an important native alga, giant kelp (Macrocystis pyrifera), which dominates
shallow subtidal rocky habitats at Catalina, and throughout California (Miller and Engle
2009; Marks et al. 2015). This canopy forming kelp provides structure that is critical to a
variety of organisms, including adult and juvenile fishes (Hobson and Chess 1976;
Dayton 1985; Hallacher and Roberts 1985; Holbrook et al. 1990; Carr 1991a; Love et al.
1991; and Anderson 2001). Specifically, recruitment of several common fishes depends
upon M. pyrifera (hereafter Macrocystis) (Carr 1989). This important role of
Macrocystis, however, may have more to do with its height, extending high into the water
column, than other aspects of its morphology. For example, Carr (1991b) found that kelp
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bass (Paralabrax clathratus) recruitment was highest in Sargassum palmeri when he
placed it at similar levels of the water column as Macrocystis. In the Gulf of California,
several Sargassum species (mainly S. sinicola) are preferred habitats for recruiting
leopard grouper (Mycteroperca rosacea) (Aburto-Oropeza et al. 2007). S. horneri may
act 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
column, it may not affect fish recruitment like Macrocystis.
Kelp bass, the subject of this study, are one of the most economically and
ecologically important fishes in southern California. This species is consistently ranked
among the top ten species caught by recreational anglers in southern California, to a multi
billion-dollar industry (Horning 2009; Southwick Associates 2009). Further, it is one of
the most common local predators, affecting the abundance of other fish species
(Holbrook and Schmitt 1988; Anderson 2001). In the Southern California Bight,
settlement of post-larval kelp bass (at ~10 mm standard length, SL) occurs from July
through September (Carr 1994; Codes and Allen 1997), and is influenced by a number of
physical factors, such as sea surface temperature, winds, tidal bores, and lunar cycles
(Cordes and Allen 1997; Findlay and Allen 2002). However, much of the variation in
recruitment of kelp bass is explained by biological factors, such as variation in
Macrocystis density (Carr 1994). Kelp bass preferentially recruit in structure positioned
in the midwater portions of the water column, and become more benthic associated as
they age and grow (Carr 1991b).
The goal of this study was to determine the effects of S. horneri on the
recruitment of the kelp bass (Paralabrax clathratus) (≤ 6 cm TL). Specifically, I
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compared kelp bass recruitment rates between two biogenic habitats, Macrocystis and S.
horneri. I hypothesized that recruitment to Macrocystis would be greater than recruitment
to S. horneri, in part because recruitment of kelp bass is highest in the middle of the
water column (into which Macrocystis extends but S. horneri does not) (Carr 1991b).
Additionally, I explored whether the size of kelp bass recruits differed among strata in the
water column to determine whether certain size classes are more likely to be found near
the benthos where the non-native alga is prevalent. Based on Carr’s (1991b) previous
work, I hypothesize that larger, young-of-the-year (YoY) benthic recruits would associate
with S. horneri and small, recently settled kelp bass would associate with the upper
portion of Macrocystis.

Methods
Observational Study
To explore whether the invasive Sargassum horneri might impact recruitment of
kelp bass on natural reefs, I compared recruit densities on Macrocystis with those on S.
horneri at 4 sites on the western, leeward side of Santa Catalina Island, California (33º27’
N, 118º29’ W): Parson’s Landing, Arrow Point, Indian Rock, and Isthmus Reef (Figure
1). These sites were chosen because Macrocystis and S. horneri were present at all of
them and found at similar bottom depths. The abundance of kelp bass recruits was
surveyed on individual Macrocystis and S. horneri. Seven haphazardly selected
individuals of each species were surveyed at each site, except that only 3 S. horneri thalli
of sufficient size (see below) were found and surveyed at one site, Parson’s Landing
(thus, total N for Macrocystis = 28 and for S. horneri N = 24). To minimize disturbance
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to kelp bass recruits from diver bubbles, recruit abundance was surveyed sequentially
from the top to the middle to the bottom third of each individual by descending along the
entire length of a thallus while carefully searching through the fronds. To minimize the
influence of other macrophytes in the area, all surveys were conducted on individuals >2
m away from other large (>0.5 m tall) macrophytes.
Assessments of fish recruitment were conducted on Macrocystis and S. horneri
averaging 5.7 ± 0.4 m and 1.3 ± 0.1 m in length, respectively, which were located at
~10-18 m bottom depth (below the thermocline). These sizes were typical of the reefs
studied. Macrocystis individuals did not extend to the surface (i.e., no canopy) and their
tops were located 8.2 ± 0.4 m below the sea surface. Because the biomass of Macrocystis
individuals could not be obtained underwater, individuals with approximately 16 stipes
(>1 m) per thallus were censused to standardize habitat quantity and complexity. S.
horneri height was a better proxy for habitat quantity (increase height = increase in
biomass). During the summer 2015, senescent stages of S. horneri were the tallest and
most common of all S. horneri stages across reefs; they were chosen to survey because
they are most likely to attract and support kelp bass recruits due to their greater extension
into the water column and greater complexity compared to other stages present at the
time. Surveys were conducted from August 3 – 6, 2015, which is within the typical
settlement period for kelp bass (Carr 1994; Cordes and Allen 1997).

Observational Study: Statistical Analyses
A paired t-test treating sites as replicates was used to determine whether kelp bass
recruitment per thallus differed between S. horneri and Macrocystis (n = 4 sites).
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To evaluate a potential mechanism for lower kelp bass recruitment to S. horneri
than Macrocystis, I first tested whether the average number of recruits differed among 3
depth strata of Macrocystis thalli (bottom, middle, and top third of individuals). S.
horneri does not extend throughout the water column, so I was not able to test for
differences among strata for this species; strata patterns observed on Macrocystis will
provide mechanistic evidence for kelp bass recruitment algal preference or indifference. I
used a mixed model analysis of variance (ANOVA) with the factors Strata (fixed), Sites
(fixed), their interaction, and subject (Macrocystis individual surveyed) nested in site
(random). I conducted a 1-way ANOVA that tested for mean differences in kelp bass size
among Macrocystis strata. For statistically significant results, a Tukey’s Honestly
Significant Difference (HSD) pairwise comparison test was used to determine which
strata differed significantly.

Experimental Study:
I used a field experiment to assess whether patterns revealed by my observational
study had a causal basis. The experiment was conducted in a sandy area near Lion Head
reef (Figure 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 at least that distance
from any natural reef habitat. This spacing likely prevented any movement of kelp bass
recruits among plots, and between plots and natural reef.
I used 3 treatments: (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 of

51

the 5 blocks. 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 to
achieve similar amounts of habitat structure among replicates. Thalli chosen for this
experiment 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 were tall enough to reach the surface and form
canopy. To ensure similarity of replicates of the two 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 days.
The experiment ran from July 15 to August 2, 2015, a time period within the
range of peak recruitment of kelp bass (Cordes and Allen 1997). Each plot was surveyed
every 1–2 days, 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 predation that could influence recruitment rates. Predatory
kelp bass (>10 cm) that were within 1 m of Macrocystis or S. horneri were identified and
counted as divers approached each plot. Recruits were surveyed as before. After the final
survey, a total of 11 larger (12 – 27 cm) predatory kelp bass (the numerically dominant
piscivore at Catalina Island), were collected using a pole spear; these sizes were typical
of individuals surveyed. Their guts were examined using a dissecting microscope to
determine whether they had consumed recently recruited conspecifics, likely from the
experimental plots.
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Experimental Study: Statistical Analyses
Logistic regression was used to detect differences in mean kelp bass recruits
among the 3 treatments. The categorical dependent variables were “yes”, if the average
abundance of kelp bass recruits observed on a plot was >0, or “no”, if the average
abundance of recruits observed on a plot was 0. I did not use a repeated-measures design
because kelp bass recruits often were absent from plots, thereby violating assumptions of
this statistical test. Instead, I calculated the average number of kelp bass recruits observed
over the 13 surveys of each plot.
To test whether the vertical distribution of kelp bass recruits differed between
Macrocystis treatments (M and M+S), I used a split plot ANOVA with the factors: Block
(5 positions along array from northwest to southeast; fixed factor), Strata (bottom,
middle, and top third of Macrocystis; fixed factor), Treatment (M and M+S; fixed factor),
Treatment × Strata interaction (fixed factor), and Plot nested within Block × Treatment
(random factor). The data analyzed were the average of the 13 observations of the
number of kelp bass recruits within a stratum for each thallus.
I explored whether the strata of Macrocystis explains variation in kelp bass
recruitment to better explain kelp bass recruitment preference or indifference to certain
alga. I conducted a 1-way ANOVA to identify whether mean size of kelp bass recruits
differed among strata to determine whether smallest (youngest) recruits preferred specific
strata of Macrocystis.
I used linear regression to determine whether recruit abundance might have been
affected by the presence of larger, predatory conspecifics by regressing recruitment
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against predator density per plot. Only M and M+S plots were included in the model for
this analysis because predators were seldom present on the S plots and kelp bass recruits
were never found on them. The average number or size of kelp bass for each algal species
thallus or treatment was square root (x + 0.1) or log (x + 0.5) transformed, respectively,
to satisfy the assumptions of normality and homoscedasticity (Sokal and Rohlf 1994).

Results
Observational Study
I observed a total of 59 kelp bass recruits across the 4 study sites; 57 of these were
associated with Macrocystis, while only 2 recruits were associated with S. horneri.
Numbers of recruit kelp bass per thallus were ~30 times greater on Macrocystis than on
S. horneri (2.04 ± 0.66 vs. 0.07 ± 0.04 kelp bass recruits thallus-1, respectively; paired ttest: t = 4.34, df =3, p = 0.02). Nearly half (47%) of all recruits associated with
Macrocystis were observed at the southeastern most site, Isthmus Reef, and recruit
abundance steadily declined travelling northwest along the coast from Indian Rock (25%)
to Arrow Point (19%) to Parson’s Landing (9%) (Figure 2). The 2 recruits observed
within S. horneri were found at Isthmus Reef and Indian Rock.
To explore a potential mechanism that could drive kelp bass to recruit to
Macrocystis, I compared the abundance of recruits within different strata of Macrocystis
(top, middle, and bottom third) (Figure 3). Although kelp bass recruits tended to be more
abundant in the upper portions of Macrocystis, these differences were not statistically
significant (F2,48 = 1.22, p = 0.30). There was a difference in kelp bass recruitment
among sites (ANOVA: F3,48 = 4.69, p = 0.01). The interaction between strata and site
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was not significant (F6,48 = 0.77, p = 0.60). Differences in numbers of kelp bass recruits
among Macrocystis thalli also were not statistically significant (F24,48 = 0.49, p = 0.97).
The size of kelp bass recruits differed among strata of Macrocystis (F2,56 = 13.72,
p < 0.001). Although the average size of kelp bass observed in the bottom (3.14 ± 0.25
cm) and middle (2.93 ± 0.20 cm) strata were similar (Tukey HSD: p = 0.81), recruits in
those two strata were significantly larger than those in the top stratum (2.10 ± 0.09 cm)
(bottom vs. top: p < 0.001; middle vs. top: p = 0.001) (Figure 4). The two recruits found
associated with S. horneri were large, both measuring 4-cm long.

Experimental Study
Mean kelp bass recruitment per 13 days was split nearly evenly between the
Macrocystis only treatment (2.26 ± 1.18) and the Macrocystis + S. horneri treatment
(2.23 ± 1.24), and 0 recruits were observed on S plots. There was a significant difference
in mean kelp bass recruitment per 13 days among the three treatments (X2 = 19.10, df =
2, p < 0.001) (Figure 5).
Recruitment differed among blocks (F4,8 = 3.89, p = 0.05), suggesting that some
places were better for kelp bass recruitment. The highest numbers of kelp bass recruits
were observed on the two most northwest plots containing Macrocystis (6.78 ± 1.49 and
6.69 ± 1.49 kelp bass recruits plot-1 survey-1; Figure 6). The next greatest recruitment was
in the two closest plots containing Macrocystis.
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Potential Causes of Recruitment Patterns
The number of recruits did not differ significantly among Strata of Macrocystis
(F2,16 = 2.75, p = 0.09; Figure 7; Table 1).
The size of kelp bass was significantly different among strata of Macrocystis
(F2,289 = 15.90, p < 0.001). Kelp bass recruits were similar in size in the top (2.23 ± 0.04
cm) and middle (2.22 ± 0.07 cm) portions of Macrocystis (Tukey’s HSD test: p = 0.975),
but they were significantly smaller than those observed in the bottom stratum (2.56 ±
0.05 cm; p < 0.001 for both pairwise comparisons) (Figure 8).
Of the 11 predatory kelp bass collected, one (12.2 cm TL) had 2 partially
digested, but identifiable, kelp bass recruits (both 1 cm TL) in its gut, indicating that postsettlement mortality could have affected the distribution of small recruits among plots
(Figure 9). Large, predatory kelp bass were associated more closely with the M and M+S
treatments compared to S treatments (ANOVA: F2,8 = 23.20, p < 0 .001; Figure 10).
Generally, numbers of large kelp bass increased from northwest to southeast (Figure 11).
Linear regression revealed that the abundance of kelp bass recruits declined with the
abundance of large, predatory kelp bass (r2 = 0.48, p = 0.03; Figure 12), suggesting that
predators created this spatial pattern in recruitment.

Discussion
This study presents the first evidence that S. horneri negatively impacts the
recruitment of an economically and ecologically important fish species. Kelp bass
recruitment was vastly lower on S. horneri than on native Macrocystis. Combined
between the observational study and the experiment, only two kelp bass recruits were
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observed associated with S. horneri. Although not statistically significant, there was some
evidence that recruiting kelp bass preferred the top strata on natural and experimental
Macrocystis in this study.
Algal position in the water column is likely the main mechanism explaining the
affinity kelp bass recruits have for Macrocystis compared to S. horneri. Despite the lack
of evidence for greater abundance of recruits in the top strata of Macrocystis, I found that
kelp bass recruits were smaller in the top strata of Macrocystis, which indicates the
youngest YoY recruits encounters Macrocystis first as suitable settlement habitat; as kelp
bass age and grow they moved down the thalli to the middle and bottom strata where they
were observed to be larger. This pattern was consistent with other studies that found that
numerous kelp forest fishes move down from the upper strata and become more benthic
associated as they age and grow (Carr 1991a; Anderson 1994; Nelson 2001). Carr
(1991b) concluded that kelp bass migrate down Macrocystis after recruiting to the upper
portions of the alga. In both components of my study, I observed larger, and presumably
older, kelp bass recruits in the benthic strata of Macrocystis. It is likely that kelp bass
larvae encounter Macrocystis first, and migrate down the thallus as they grow older and
larger. Despite the highly complex nature of S. horneri, and seemingly suitability as a
settlement habitat, the position of the non-native alga near the bottom puts it in the wrong
location for settling kelp bass.
Tall structure often enhances the recruitment of temperate fishes (Jones 1984;
Beets 1989; Haldorson and Richards 1986; Carr 1989,1994; Anderson 1994; Nelson
2001). Carr (1991b) found that S. palmeri, a California native and a relative to S. horneri
that is broadly similar to it in morphology, was the preferred settlement substrate for kelp
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bass when placed alongside Macrocystis in the middle of the water column. I did not test
whether kelp bass would behave similarly if they encountered S. horneri in midwater, but
it seems reasonable to expect they would perceive the two highly complex, bushy algal
congeners in a similar manner.
It remains unclear why more kelp bass recruits observed in the benthic strata were
associated with Macrocystis despite having the opportunity to move to nearby bushy S.
horneri, which appears to offer good structural refuge from predators. The presence of
abundant predators (~16 kelp bass per 120 m3 on the 4 natural reefs) (G. Srednick,
unpublished data) may have discouraged small, recently recruited kelp bass from
venturing away from the shelter provided by the Macrocystis where they settled.
Experimentally, a similar pattern was observed, but a different mechanism may better
explain why bass recruits were not observed in the nearby S. horneri despite its close
proximity (~1 m). Although I did not measure Macrocystis foliage complexity, kelp bass
recruits easily stayed invisible from predators between the large Macrocystis blades,
whereas small S. horneri blades only obscure recruits, at best. Most or all Macrocystis
observed during this time period were reproductive and had lush sporophylls just above
the holdfast that provided abundant shelter for young kelp bass. It is well known, that
increases in habitat complexity is often attractive and beneficial to prey fishes in a variety
of different environments (Schmitt and Holbrook 1985; Kingsford 1995; Levin and Hay
1996; Forrester and Steele 2004; Scharf et al. 2006). During peak kelp bass settlement
from mid summer through early fall (Cordes and Allen 1997), S. horneri is primarily
found in two stages: recruits (<10 cm tall) and senescent adults (1-2 m tall). By late
summer, senescent S. horneri have shed its embryos and the entire thallus begins to
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deteriorate as it dies (Marks et al. 2015). Although still providing significant and
structurally complex vertical structure in the water column, senescent S. horneri, in its
deteriorating state, may not be attractive to young kelp bass. Thus, growing kelp bass
recruits likely would not gain much protection by moving away from Macrocystis to
neighboring S. horneri.
Chemical composition differences between Macrocystis and S. horneri may
partially explain differences in kelp bass recruitment rates, but is not likely the most
influential factor. Many tropical fishes use chemical cues to settle in preferential areas
(Sweatman 1988; Atema et al. 2002; Wilson et al. 2010; Dixson et al. 2014). In
temperate kelp forests, the role of chemical cues in structuring settlement patterns for
fishes is far less studied (Carr 1991b), but there is evidence that algal chemical cues
induce settlement of invertebrates, such as abalone (Morse and Morse 1984). Carr
(1991b) found that more kelp bass settled on natural Macrocystis and S. palmeri (similar
to S. horneri) individuals compared to artificial, which indicates that chemical cues
certainly play a role in shaping recruitment patterns for this fish. However, algal
complexity also explained recruitment patterns he observed; he found that greater
recruitment was observed on the more structurally complex S. palmeri when it was
artificially placed towards the middle and upper portions of the water column alongside
Macrocystis. During both components of my study, S. horneri individuals surveyed were
senescent and exude defensive chemicals, such as phenols, that are known to deter
grazers (Van Alstyne and Paul 1990; Steele and Valentine 2015). I did not explicitly test
whether the exudates from S. horneri deterred settling kelp bass recruits, but size patterns
of kelp bass (smaller YoYs towards the upper strata of Macrocystis) leads me to draw
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similar conclusion as Carr (1991b): the vertical placement of Macrocystis in the water
column is encountered by kelp bass larvae before relatively low-lying S. horneri.
Monitoring kelp bass recruitment on S. horneri placed at similar depths as Macrocystis
would provide a clearer explanation of whether excreted chemical actually deter kelp
bass from settling.
The strong spatial pattern in recruitment of kelp bass, with decreasing recruitment
from the northwest to southeast, irrespective of treatments, may have been due to two
non-exclusive processes: 1) post-settlement mortality caused by larger, predatory
conspecifics, and 2) a settlement shadow (Gaines et al. 1985). The negative relationship I
found between recruitment and predator abundance supports the first scenario; especially
when combined with the observation of recently settled kelp bass in the gut of a larger,
predatory conspecific. Along with predation, the swift southeasterly current often
encountered at the experimental site over sandy bottom likely caused a reduction of
available kelp bass larvae for settlement further downstream. Given the conditions among
sites, both processes likely explain part of the total variation in observed kelp bass
recruits.
Further research should explore how kelp bass recruitment will be affected at the
reef scale, particularly when Macrocystis is rare or absent, as has happened recently at
Santa Catalina Island. Macrocystis was frequently observed at shallow (~6 m) depths
during the year prior to this study (summer 2014) (Ginther, unpublished data). Because
my study was performed during a warm-water year, Macrocystis only was observed in
colder water at bottom depths >10 m, which allowed S. horneri to dominate and maintain
its occupation of reef space that was previously shared. Kelp bass recruits were hardly
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observed associated with S. horneri when both species were near each other on natural
reefs and artificial arrays, which strongly suggests that reefs lacking tall kelp will
experience less recruitment than reefs that contain Macrocystis. Carr (1994) found that
kelp bass recruitment became saturated when Macrocystis occurred in high densities
(~90-130 stipes 30 m-2). Optimistically, if Macrocystis is able to persist at high enough
densities, kelp bass recruitment may not be altered by the non-native alga. It also is
possible that when Macrocystis is unavailable as a settlement habitat, kelp bass will be
forced to settle onto S. horneri. Whether such a settlement choice would impact postsettlement processes remains to be determined.
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 extensively manipulating native algal canopies and
herbivorous urchins (Smith 2015). Similarly, a recent S. horneri removal experiment at
Catalina Island resulted in re-colonization of cleared plots within months (L. Marks,
unpublished data). Rather than focusing efforts on total eradication of this invasive alga,
it would be better 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 is 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
robbing required space or light. This study clearly demonstrates a negative effect of S.
horneri on the recruitment of one ecologically and economically important fish, but
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further studies that generate a more comprehensive understanding of the impact of this
alga on kelp forest organisms are needed.
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Tables
Table 3.1: Summary results of a split-plot ANOVA testing the effects of Block,
Treatment, Strata, Treatment × Strata, Block × Strata, and Plot (Block × Treatment) on
the average density of kelp bass recruits, comparing just the Macrocystis and
Macrocystis + S. horneri treatments.
Source
Block
Treatment
Strata
Treatment x Strata
Plant (Treatment x Block)

SS
3.5
0.000
0.272
0.015
0.032

df
4
1
2
2
4

MS
0.875
0.000
0.136
0.007
0.008

error

0.791

16 0.049
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F-statistic
107.91
0.01
2.75
0.15
0.16

p-value
<0.001
0.94
0.09
0.86
0.95

Figures

Figure 3.1. Four observational study sites (Parson’s Landing, Arrow Point, Indian Rock
and Isthmus Reef) and one experimental study site (Lion Head) on the western leeward
side of Catalina Island.
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Figure 3.2. Mean kelp bass recruit abundance (no. thallus-1 ± SE) associated with
Macrocystis pyrifera and Sargassum horneri at 4 sites: Parson’s Landing, Arrow Point,
Indian Rock, and Isthmus Reef, Catalina Island, California. Sites are geographically
arranged from northwest to southeast.
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Figure 3.3. Mean kelp bass recruit abundance (no. thallus-1 ± SE) observed in different
strata (bottom, middle, top) of Macrocystis pyrifera at 4 sites.
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Figure 3.4. Mean kelp bass recruit size (TL: cm) associated with the bottom, middle and
top strata across 4 study sites (n = 14 fish for bottom and middle, and n = 29 fish for top).
Tukey’s HSD post hoc groupings are shown with letters.
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Figure 3.5. Mean kelp bass recruit abundance (no. treatment-1 13 days-1 ± SE) associated
with 3 treatments: Macrocystis pyrifera (M), Macrocystis pyrifera + Sargassum horneri
(M+S), and Sargassum horneri (S).

68

9

Kelp Bass Recruits
(no. plot-1 13 days-1)

8

7
6
5
4
3
2
1
0

Plot
Figure 3.6. Mean kelp bass recruit abundance (number per plot over 13 observations ±
SE) observed for each plot. Plot 1 was the furthest northwest and plot 15 was the furthest
southeast.
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Figure 3.7. Mean kelp bass recruit abundance (number per treatment over 13
observations ± SE) in three strata of two treatments: Macrocystis pyrifera (M) and
Macrocystis pyrifera + Sargassum horneri (M+S).
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Figure 3.8. Mean kelp bass recruit size (cm TL) in the bottom, middle and top strata
across all treatments (n = 117 fish for bottom, n = 50 for middle, and n = 125 for top).
Tukey’s HSD post hoc groupings are showed with letters.
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Figure 3.9. Two partially digested, but identifiable, kelp bass recruits found in the gut of
a kelp bass measuring 12.2 cm total length.
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Figure 3.10. Mean large kelp bass abundance (number per treatment over 13
observations ± SE) observed associated with 3 treatments: Macrocystis pyrifera (M),
Macrocystis pyrifera + Sargassum horneri (M+S), and Sargassum horneri (S).
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Figure 3.11. Mean number of large kelp bass (number per plot over 13 observations ±
SE) observed for each plot. The furthest northwest plot was 1 and 15 was the furthest
southeast.
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Figure 3.12. The relationship between mean large kelp bass abundance versus mean kelp
bass recruit abundance for two treatments: Macrocystis and Macrocystis+S. horneri.
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Chapter 4: Synthesis of Findings
I aimed to understand whether a recently established invasive alga, S. horneri,
affects kelp forest fishes. Ultimately, I found that S. horneri had little, if any, impact on
structuring entire fish assemblages on invaded reefs. However, the effects of the invasive
alga on the recruitment of a common temperate fish were strikingly negative. The
mechanisms controlling these relationships were not obvious, but the timing of my study
and support from previous research offered insight to documented patterns of all
components of my thesis.
The second chapter of my thesis focused on understanding S. horneri’s role in
shaping the kelp forest fish assemblage. By conducting my study across multiple periods
when the algal landscape drastically changed, I was able to compare the fish assemblage
when native Macrocystis pyrifera (giant kelp) was thriving on reefs with periods when
this macroalga was virtually absent and the invasive Sargassum horneri was dominant.
The fish assemblage dramatically changed following the disappearance of giant kelp, but
surprisingly there was only a slight difference in fish assemblage when S. horneri was tall
(25-75 cm) and short (<5 cm) between the summer 2014 and 2015. The large assemblage
change following the disappearance of kelp, minimal change following a large shift in S.
horneri heights, and lack of experimental evidence of fish assemblage differences
following the removal of S. horneri from areas within reefs strongly suggests that there is
minimal impact of S. horneri on fish assemblages at the temporal scale of this study.
Many studies have found that presence of giant kelp coincides with a greater
numbers of fish species or higher abundance of particular species (Moreno and Jara 1984;
Stephens et al. 1984; Bodkin 1988; Anderson 1994; Schmitt and Holbrook 1990; Deza
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and Anderson 2010), but others have found opposing results (Stephens et al. 1984;
Ebeling and Laur 1988). Species that are positively affected by giant kelp typically reside
in the canopy or midwater (Carr 1983, Bodkin 1988; Deza and Anderson 2010). In a
study of fish assemblages off of Palos Verdes, California, Stephens et al. (1984)
concluded that the presence or absence of giant kelp had little effect on most fish species
in a high-relief environment. Similarly, others have found that there little effect on many
of the common fish species when reefs transitioned from urchin barrens to kelp forests
(Ebeling and Laur 1988; DeMartini and Roberts 1990). Results from my study are
somewhat in accordance with both kinds of findings. Despite a drastic change in reef
landscape, it appears that M. pyrifera, rather than S. horneri, is a more significant driver
of differences in kelp forest fish assemblages.
Chapter 3 of my thesis presents the first evidence that S. horneri negatively
impacts the recruitment of an economically and ecologically important fish species.
Recruitment patterns of this fish have been extensively studied to be majorly affected by
native M. pyrifera, so I chose to determine whether kelp bass preferentially recruit to the
native or invasive alga. Carr (1991b) found evidence that suggested that both, the
location of algal substrate in the mid to upper portions of the water column, and
complexity of substrate played important roles in structuring kelp bass settlement
patterns. When the algae were compared there was striking evidence that native M.
pyrifera was the preferred habitat for kelp bass recruits. M. pyrifera is simply more
attractive to kelp bass recruits because they reach the middle portions of the water
column and offer more protection to recently settled kelp bass in a similar space of the
water column compared to the invasive alga.
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Results from my studies offer contrasting outlooks on S. horneri’s role in
southern California kelp forests. When focusing on the entire fish assemblage, little
evidence is in favor of S. horneri as a driver of kelp forest fish structure. However when
focusing on a particular early life history characteristic of a common kelp forest fish, the
effects of S. horneri are dramatically negative. The contrasting results of my studies are
important reminders for the need of additional studies to generate a more comprehensive
understanding of this invasive alga’s impact on kelp forest organisms.
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