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Capstone Project Ryan Rezek 

Investigation of the Invasive Kelp Undaria pinnatifida: Dispersal 

Mechanisms and Methods for Controlling Zoospores  

 

Abstract 

 

This study applied laboratory experiments in order to study the ability of the 

invasive kelp Undaria pinnatifida sporophytes to produce zoospores under the stress of 

heavy defoliation and light deprivation in order to further understand potential vectors of 

spread, namely ballast water and detached fragments. The ability of microscopic Undaria 

pinnatifida zoospores to develop, after being subjected periods of light deprivation, was 

also investigated to examine the ability of zoospores to spread through ship ballast tanks. 

Treatments with 0.1% acetic acid in seawater and a mixture of 90% tap water and 10% 

seawater were analyzed for their efficiency at both preventing zoospore release from 

sporophylls and inhibiting zoospore development into the gametophyte stage. 

Results of the experiment indicated that defoliated Undaria 

pinnatifida sporophytes can continue to produce zoospores after 28 days of light 

deprivation and zoospores can germinate after being subjected to at least 14 days of light 

deprivation. Results also demonstrated sporophytes can continue to produce zoospores 

for at least 56 days after heavy defoliation by removal of lamina and holdfast leaving 

only the sporophyll. Both acetic acid and tap water treatments proved successful at 

preventing 100% of observed zoospores from germinating after a week of incubation. 

Both acetic acid and tap water treatments also significantly reduced the ability of 
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sporophyll tissue to release zoospores after incubation for two hours. Results of this study 

validate the assertion that Undaria pinnatifida propagules can be transferred through 

ballast water and demonstrates the ability of sporophyll tissue to survive a trip in ballast 

water as well. Acetic acid and tap water both demonstrated promising ability to inhibit 

zoospore germination and could prove to be an inexpensive, low environmental impact 

means of eradicating microscopic zoospores from marine equipment or habitats. 

 

Introduction 

 

Undaria pinnatifida (Harvey) Suringar is kelp (Laminariales, Phaeophyceae) 

native to the Sea of Japan and coastal waters of Korea, Russia and China (Saito 

1975). Undaria pinnatifida (hereafter referred to as Undaria) is an economically 

important crop in parts of Asia, where it is grown for human consumption. Undaria has 

become invasive in several regions of the world, including the Mediterranean, Atlantic 

coast of Europe, New Zealand, Tasmania, Argentina, and the Pacific coast of the United 

States and Mexico (Silva et al. 2002, Fletcher et al. 1995, Aguilar-Rosas et al. 2004). 

The first documented case of Undaria invading communities outside of its native 

habitat occurred in 1971 in Etang de Thau, France (Mediterranean Sea), where the algae 

had been unintentionally introduced with oysters from Japan (Perez et al. 

1981). Undaria is believed to have reached New Zealand’s coastal waters in 1987 

through hull fouling or ship ballast water contaminated with Undaria propagules (Hay 

and Luckens 1987). Undaria can also spread to new areas through other contaminated 

mariculture stocks, such as mussels (Mineur et al. 2006). It is believed that hull fouling 
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and contaminated aquaculture equipment are responsible for the kelp’s ability to steadily 

spread around the coast of New Zealand (Hunt et al. 2009). It has been suggested 

that Undaria can continue to reproduce while drifting by spawning on unstable surfaces, 

greatly extending its natural dispersal range from an order of meters to an order of 

kilometers (Forrest et al. 2004). It is not clear how a sporophyll or sporophyll fragment’s 

ability to produce zoospores is affected by heavy defoliation, such as being removed from 

holdfast and/or frond by storms or vessel action. 

 Undaria was first discovered in Los Angeles, California in 2000 and has since 

spread to several harbors along the California coast, including Monterrey, Long Beach, 

Oxnard, Santa Barbara (Silva et al. 2002), San Diego (R. Rezek, present study), and most 

recently San Francisco (Zabin et al. 2009). In Button Shell Cove, Catalina Island there is 

a population of Undaria living outside of a harbor on Chaetopterus tubes, at a depth of 

20-25 meters (Silva et al. 2002) demonstrating the ability of this kelp to invade 

California’s coastal ecosystems. 

Introduced algae have the potential to outcompete native algae for light and space, 

leading to a decline in native algae abundance and local extinctions (Dewreede 

1996). Undaria has been shown to reduce native algal species richness, diversity, and 

evenness in some invaded seaweed communities (Casas et al. 2004). Studies have shown 

that Undaria has the ability to establish populations within Giant Kelp (Macrocystis 

pyrifera) forests; although no evidence was found of interspecific competition, 

communities were expected to be altered if the invasion expanded due to differing 

density and diversity of the fauna associated with their holdfasts (Raffo et al, 2009). 

Native algal assemblages that have experienced disturbances are more susceptible 
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to Undaria invasions than stable communities (Valentine et al. 2003). The introduction of 

exotic algae species, such as Undaria can lead to the displacement of dominant 

macroalgae, resulting in a shift in communities and their trophic food webs (Walker and 

Kendrick 1998). 

Undaria pinnatifida Biology 

Undaria is a highly adaptable, highly reproductive species that can grow at a rate 

of 21 mm/day (Castric-Fey et al. 1999). A single Undaria sporophyte is capable of 

producing 100 million reproductive zoospores (Akiyama and Kurogi 1982). As with all 

Laminariales, Undaria exhibits a heteromorphic life 

history, with microscopic (haploid) gametophyte 

generation and macroscopic (diploid) sporophyte 

generation (Saito 1975). 

Mature Undaria sporophytes release motile 

zoospores from a ruffled reproductive organ 

(sporophyll) at the base of the frond (Fig. 1). These 

zoospores settle and develop into microscopic 

dioecious gametophytes (Oh and Koh 1996). The 

microscopic gametophyte generation can survive 

dormant for years without reproducing to form a 

sporophyte, acting as a seed bank for future generations 

of kelp (Sinner et al 2000). 

 

 

Figure 1. Undaria Life Cycle from Stuart 

1997 
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Background 

 

Attempts to permanently eradicate Undaria from structures and natural habitats have not 

been successful. The New Zealand Department of Conservation launched an eradication 

program in an attempt to remove Undaria from Stewart Island, NZ. The program took 

place between 1997 and 2004; efforts included manual removal of Undaria as well as hot 

water (150 C°) and chemical treatments to eliminate microscopic gametophytes and 

zoospores. The campaign was ultimately unsuccessful due to new founding events and 

funding withdrawal by the central government; by 2004 the program expenditures 

reached 2,802,289 NZD (Hunt et al. 2009). 

            In order to implement effective eradication programs in the future, cost effective 

means of eradicating invasions and controlling vectors of introduction must be 

investigated. There is a lack of information as to the specific means by which 

Undaria spreads to new areas through anthropological vectors. While it has been 

established that Undaria is spread to new areas via hull fouling as macroscopic kelp or 

microscopic propagules (Hay et al 1990), it is often assumed that   

microscopic Undaria propagules are also spread through ballast water. While it has been 

shown that macro algae can be transferred through ballast water (Flagella et al. 2007), the 

assertion that Undaria is being transferred by these means is based on circumstantial 

evidence indicating that ballast water was the most likely source of the Undaria invasion 

in Tasmania (Sanderson 1990). Detached sporophyll fragments taken into ballast water 

could be another possible vector if they could survive long periods of darkness to then 
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release zoospores when the ballast water is exchanged in a new port. This possible vector 

has not been investigated. 

            The goal of this study was to analyze several different potential vectors 

of Undaria dispersal in order to focus future vector mitigation efforts on the areas that are 

most likely to lead to new introductions. Through a series of laboratory experiments, this 

study aimed at investigating the: (1) potential of defoliated sporophylls to release 

zoospores after being subjected to darkness (2) the ability of defoliated sporophylls to 

release zoospores when subjected to light (3) the ability of zoospores to germinate after 

being subjected to darkness. These experiments were designed to expand the existing 

knowledge pertaining to the specific means by which Undaria spreads through ballast 

water (if at all) and to demonstrate how detachment from holdfast and defoliation, as if 

damaged by storms or vessels, affects a sporophylls ability to produce zoospores. In 

addition, this study investigated two potentially cost effective, environmentally friendly 

means of eliminating microscopic zoospores and inhibiting the ability of sporophylls to 

release zoospores; (1) treatment with 90% tap water and 10% seawater (2) treatment of 

seawater with 0.1% acetic acid concentration. 

 

Materials and Methods 
 

 

All samples of Undaria were collected from the restaurant dock on Coronado Island, San 

Diego California (32°41 '56.74"N, 117°10 '6.89"W). Undaria was found growing on the 

restaurant pier and the adjacent pedestrian ferry pier, where it was found on concrete 

pilings, tires, and docks. Juveniles were found on the restaurant pier in early February 

and by late February mature Undaria were present and the experiments began. All 



7 
 

Figure 2. In vitro sporophyll defoliation and 
darkness chamber 

sporophytes used in experiments were found growing on the floating dock in less than 

one meter of water. 

 

Sporophyll Defoliation and Darkness Experiments 

To test the hypothesis that Undaria sporophytes can continue to produce 

zoospores after defoliation, or while defoliated and subjected to darkness (as if in a ship’s 

ballast); a laboratory test was conducted by subjecting sporophylls to the following 

treatments. Initially 12 reproductive Undaria sporophytes were selected and tagged from 

the restaurant pier. The 12 sporophytes were then randomly assigned to three treatments: 

an experimental darkness treatment, consisting of sporophytes that were defoliated by 

removal of the holdfast and lamina, leaving only the sporophyll, and placed in a light 

deprivation chamber; an in vitro defoliation group 

consisting of defoliated sporophytes that had been 

placed in a controlled light chamber at 12 hours of 

light and 12 hours of dark; and a control group that 

was left undisturbed on the dock. The sporophylls 

were placed in an experimental sporophyll growth 

structure consisting of PVC structure wrapped with light proof film and kept at the 

Scripps Institution of Oceanography Experimental Aquarium. Each sporophyll was 

placed in its own chamber within the structure and was given a constant flow of ambient 

seawater. The waste water from this chamber was directed towards the sewer to prevent 

invasive propagules from entering the aquarium sea water system. The darkness 

treatment chambers were covered with lightproof film and the 12 light 12 dark treatments 
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were illuminated by a fluorescent light tube at 200 µM photons m
-2

s
-1 

irradiance 

(McConnico and Foter 2005). Sporophylls that have the ability to release zoospores are 

considered to be reproductive (Reed et al. 1997). In order to determine the ability of 

sporophylls in each treatment to release zoospores over time, circular tissue plugs of the 

sporophylls 6 mm in diameter were taken with a hole punch from all treatments weekly, 

for 56 days between February 22
nd

and April 19
th

 of 2010. The sporophyll plug collection 

taken on February 22
nd

 was conducted before experimental treatments were applied; a 

plug collection was not conducted on April 12
th

 (day 49 of the experiment).  

Once plugs where taken, they were desiccated in a cool dark place for 3 hours 

(Reed 1990), then placed in petri dishes with 30ml of seawater and incubated under a 

fluorescent light for 2 hours at an irradiance of 200 µM photons m
-2

s
-1 

in order to induce 

spore release (McConnico and Foter 2005). Three sporophyll plugs taken from different 

areas of the sporophyll, were each placed in petri dishes for spore release incubations in 

all experiments. Once zoospores had been released, the petri dishes were examined using 

video transects with an inverted microscope under 400 x 

magnification to determine zoospore density (Fig. 3). Video 

transects were conducted through areas of highest zoospore 

density (typically in proximity to where the plug had been 

positioned during incubation).  Five frames were randomly 

selected from transects and zoospores and were counted within a 2.45x10
-2

mm
2
 view 

field using the image analysis software ImageJ. In order to account for transect frames 

that were out of focus, the frame with the highest density of zoospores, within 2 seconds 

before or after the selected frame, was counted.   

Figure 3. Settled Undaria zoospores 



9 
 

The mean number of zoospores counted in five view fields for each replicate, or 

mean zoospore density, was considered indicative of the relative level of reproductive 

capability and compared between treatments over the duration of the experiment. All 

replicates were tested for settled zoospore density weekly for the entire duration of the 

experiment or until they deteriorated to a level where plugs could no longer be taken. The 

mean zoospores density of each replicate in all treatments was analyzed with a two-way 

mixed design ANOVA (SPANOVA) to determine if there was a significant difference in 

settled spore density between treatments, time, and treatments by time. 

 

Zoospore Darkness experiment 

A laboratory experiment was designed to determine if microscopic zoospores 

could survive a light deprived journey in a ballast tank and develop into gametophytes 

once exposed to light. Four Undaria sporophytes where selected from the restaurant pier 

on Coronado and brought to the Scripps Institution of Oceanography Experimental 

Aquarium. Plugs were taken from each sporophyll replicate and placed in 12 petri dishes: 

3 treatment groups with 4 replicate sporophytes each. Spore release was induced using 

the same methods of desiccation and incubation as in the Sporophyll Defoliation and 

Darkness experiments.  

 Once spore release was complete, the sporophyll plugs were removed from petri 

dishes and the dishes containing settled zoospores were assigned to one of three 

treatments. One treatment was deprived of light for 7 days; the other treatment was 

deprived of light for 14 days and a control treatment that was not subjected to darkness. 

After each experimental group was subjected to darkness, it was grown under a 
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fluorescent light at 200 µM photons m
-2

s
-1 

irradiance for one week.  The control treatment 

was grown for one week after spore release was conducted. Video transects were 

conducted after the week long growing period and five frames were randomly selected 

from transects of each replicate and zoospores were counted within a 2.45x10
-2

mm
2
 view 

field using ImageJ. With each sampled frame, the 

number of zoospores that had developed germ tubes 

(indicating development into the gametophyte 

generation (Fig. 4)), along with zoospores that had not 

begun to develop germ tubes, was recorded. The total 

ratio of germinated to non-germinated zoospores was obtained to produce a mean percent 

of germinated zoospores for each replicate. The mean percent zoospores germinated were 

compared between treatments in order to test the effect of darkness on the ability of 

zoospores to germinate and begin developing into gametophytes. A one-way ANOVA 

was used to test for statistically significant differences in the mean percent zoospores 

germinated between each treatment.  

 

Acetic Acid and Tap Water Experiment (Zoospore Germination) 

The utility of two low cost and low environmental impact methods of preventing 

zoospores from developing into gametophytes was explored through this laboratory 

experiment. The two potential methods tested were: the exposure of settled zoospores to 

tap water, and 0.1% acetic acid in seawater. Four Undaria sporophytes were selected 

from the restaurant pier on Coronado and brought to the Scripps Institution of 

Oceanography Experimental Aquarium, where plugs were taken from each sporophyll 

Figure 4. Germinated Undaria zoospores 
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replicate and placed in 12 petri dishes: 3 treatment groups with 4 replicate sporophytes in 

each. Spore release was induced using the same methods of desiccation and incubation as 

in the Sporophyll Defoliation and Darkness Experiment.  

Once spore release was complete, the sporophyll plugs were removed from petri 

dishes and the dishes containing settled zoospores were drained of the seawater that they 

were incubated in and replaced with 30 ml of one of three treatments.  The tap water 

treatment petri dishes were refilled with a mixture of 90% tap with 10% seawater. The 

acetic acid treatment was refilled with seawater containing a concentration of 0.1% acetic 

acid (from vinegar); the control group dishes were refilled with seawater. The settled 

zoospores were grown in these treatments under fluorescent light at 200 µM photons m
-

2
s

-1 
irradiance with a 12 light/12 dark light cycle for three days. Video transects were 

conducted after the growing period through areas of high zoospore density and five 

frames were randomly selected from transects. The zoospores were counted within a 

2.45x10
-2

mm
2
 view field using ImageJ. Within each frame, the number of zoospores that 

had developed germ tubes was counted, as were zoospores that had not developed germ 

tubes. The ratio of germinated to non-germinated zoospores was obtained to produce a 

mean percent of zoospores’ germinated value for each replicate.  

The mean percent zoospores germinated in all replicates were compared between 

treatments in order to test the effect of acetic acid and tap water on the zoospores ability 

to germinate. The mean percent germinated zoospores were compared between 

treatments using a non-parametric one-way Kruskal–Wallis ANOVA. 
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Acetic Acid and Tap Water Experiment (Zoospore Release by Sporophyll) 

In order to investigate the effect that tap water and acetic acid treatments have on 

the ability of sporophyll tissue to release zoospores, a laboratory test was conducted in 

conjunction with the previous acetic acid and tap water experiments on the effect on 

zoospore germination.  

Four Undaria sporophytes where selected from the restaurant pier on Coronado 

and brought to the Scripps Institution of Oceanography Experimental Aquarium where 

sporophyll plugs were taken from each sporophyte replicate and placed in 12 petri dishes: 

3 treatment groups with 4 replicate sporophytes in each. Spore release was induced by 

desiccation for 3 hours and the plugs were then placed into petri dishes with 30 ml of one 

of 3 treatments. The tap water treatment petri dishes were filled with a 90% tap and 10% 

seawater solution, the acetic acid treatment contained seawater with a concentration of 

0.1% acetic acid from vinegar, and the control group dishes were filled with seawater. 

The sporophyll plugs were incubated under fluorescent light at 200 µM photons m
-2

s
-

1 
irradiance for two hours. Video transects were conducted across areas of high zoospore 

density.  After the incubation period, five frames were randomly selected from these 

transects and the number of zoospores were counted within a 2.45x10
-2

mm
2
 view field 

using ImageJ.  

The mean number of zoospores per view field, or settled zoospore density, in each 

replicate was compared between all treatments in order to determine the effect that acetic 

acid and tap water would have on the ability of sporophyll tissue to release zoospores. 

The mean zoospore density for each replicate was statistically analyzed between 

treatments using a one-way ANOVA. 
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Results 

 
 

Sporophyll Defoliation and Darkness Experiments 

 

Sporophylls subjected to the darkness treatment continued to produce zoospores 

after 28 days of light deprivation (Fig. 6), sporophylls began to show signs of senescence 

by day 35 and one was removed. By day 56 all sporophylls in the defoliated darkness 

treatments were too deteriorated to remove plugs.  The in vitro defoliated treatment 

continued to produce zoospores throughout the 56 day experiment (Fig. 7), by day 56 one 

of the sporophylls in this treatment became too deteriorated for plug removal. The in 

situ control group continued to produce zoospores throughout the experiment and showed 

a great increase in spore release on March 29
th 

(day 35) (Fig. 8). A two-way mixed 

design ANOVA (SPANOVA) of mean settled zoospore density showed a statistically 

significant difference between treatments and between treatments and days. Mean settled 

zoospore densities showed no statistically significant difference in means between days 

alone (Table 1).  

 

 
 

Figure 5. Average number of settled zoospores per 2.45x10
-2

mm
2 

view field in each 

treatment over 56 days. (Data for 4/12 not available)  
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Figure 6. Average number of settled zoospores per 2.45x10
-2

mm
2 

view field in darkness 

treatment over 56 days. (Data for 4/12 not available)  

 

 
 

Figure 7. Average number of settled zoospores per 2.45x10
-2

mm
2 

view field in in vitro 

treatment over 56 days. (Data for 4/12 not available)  

 

 
 

Figure 8. Average number of settled zoospores per 2.45x10
-2

mm
2 

view field in in situ 

control treatment over 56 days. (Data for 4/12 not available)  
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Figure 9. Box plot of average number of settled zoospores per 2.45x10

-2
mm

2 
view field 

over treatments and days. (Treatment D: darkness group, Treatment V: in vitro defoliated 

group, Treatment C: in situ control.)  

 

       Source of        SS  df  MS  F      P-value 

Variation 

Treatment     61566   2                30783         4.0488  0.02079 * 

Time      410    1            410         0.0540  0.81680   

Treatment*Time 47370     2                 23685         3.1152                 0.04930 * 

 

Table 1. Two-way SPANOVA (mixed-design ANOVA) on the effects of treatment, time, 

and treatment*time on mean settled zoospore density.  

 

Zoospore Darkness experiment 

All darkness treatments (1 week and 2 weeks) and the control group zoospores showed 

signs of germination after 1 week of light with germination success of 75% or above (Fig. 

10). A one-way ANOVA showed no significant difference between means in each 

treatment (Table 2). 
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Figure 10. Percent of zoospores that germinated in each treatment.  

       Source of 

Variation SS Df MS F P-value F crit 

Between 

Groups 1111.5 2 555.75 1.045189 0.390691 4.256495 

Within Groups 4785.5 9 531.7222 

   

       Total 5897 11         

 

Table 2. One-way ANOVA on the effect of darkness treatments on the percent of 

zoospores that germinated. 

 

Acetic Acid and Tap Water Experiment (Zoospore Germination) 

 Of the 802 zoospores counted the treatment group grown with 0.1% acetic acid 

concentration in seawater, none showed any signs of germination after one week of 

incubation. The zoospores grown in 90% tap water and 10% seawater treatment also did 

not show signs of germination after one week of incubation (of 642 zoospores counted). 

The seawater control group demonstrated an average of 93.8% zoospore germination 

after one week of incubation (112 zoospores germinated out of 120 total zoospores 

counted) (Fig. 11). A non-parametric one-way Kruskal-Wallis ANOVA showed 

significant difference in means between treatments (Table 3). 
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Figure 11. Percent of zoospores germinated and non-germinated in each treatment. (4 

sporophytes pooled per replicate) 

 

% Spore Germination 

                   Chi-Square     10.507     

Df      2    

 Asymp.Sig.                          .005* 

 

 

Table 3. One-way Kruskal-Wallis ANOVA on the effects of acetic acid, and tap water 

and control on percent of zoospores that germinated. 

 

 

Acetic Acid and Tap Water Experiment (Zoospore Release by Sporophyll) 

 

 Video transects of petri dishes containing sporophyll plugs incubated for 2 hours 

in 30 ml of seawater with 0.1% acetic acid concentration yielded a mean density of 4.1 

zoospores per 2.45x10
-2

mm
2 

view fields between the four replicates in the treatment. The 

sporophyll plugs incubated in 90% tap water and 10% seawater released a mean density 

of 1.2 zoospores per view field between replicates. The control group containing 

sporophyll plugs incubated in seawater showed a mean density of 40.9 zoospores per 

view field between replicates (Fig. 12). One-way ANOVA showed significant difference 

in mean spore density between treatments (Table 4). 
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Figure 12.  Average number of settled zoospores in per 2.45x10
-2

mm
2 

view field after 

sporophyll plugs had been incubated in each treatment. (4 sporophytes per replicate) 

 

 

       Source of 

Variation SS df MS F P-value F crit 

Between 

Groups 3908.127 2 1954.063 11.19771 0.003616* 4.256495 

Within Groups 1570.55 9 174.5056 

   

       Total 5478.677 11         

 

Table 4. One-way ANOVA on the effects of acetic acid, 90% tap/10% seawater and 

control on mean settled zoospores per 2.45x10
-2

mm
2 

view field. 

 

 

Discussion 

 
 

Sporophyll Defoliation and Darkness Experiments 

 

  The results of the sporophyte defoliation and darkness experiments demonstrate 

that, in the right ocean conditions Undaria sporophylls can continue to release zoospores 

for at least 56 days after being defoliated via removal of the lamina and holdfast. This 

indicates that damaged sporophytes and sporophyll fragments can continue to reproduce 
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if removed from vessels or marine equipment through storms, vessel action, or in 

circumstances where Undaria is removed by individuals from marine equipment and 

discarded into the ocean.  

The results of the defoliation experiment indicate that it is important to ensure that 

damaged sporophytes and sporophyll tissue are completely removed from the ocean 

when removing Undaria from vessels or marine equipment, as the sporophyll itself can 

remain reproductive and potentially drift with the current, spreading to new locations. 

            Sporophylls subjected to defoliation and darkness in this experiment continued to 

release zoospores for 28 days. This is evidence that if sporophytes or sporophyll 

fragments are sucked into the ballast of a ship, they could continue to release zoospores 

once ballast water is expelled in a new area. 

 

Zoospore Darkness Experiment 

            This experiment demonstrated the ability of zoospores to survive at least 2 weeks 

of darkness and successfully germinate once introduced to light. These results add 

evidence to the assertion that ballast water containing microscopic Undaria zoospores is 

a vector of Undaria’s dispersal to new areas. The demonstrated ability of both defoliated 

Undaria sporophytes and microscopic zoospores to survive prolonged periods of 

darkness and continue to produce zoospores or develop into gametophytes when returned 

to light indicate that, in addition to hull fouling, contaminated ballast water can spread 

Undaria to new locations. 
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Acetic Acid and Tap Water Experiments 

            Treatment with both acetic acid and tap water was successful at preventing all 

zoospores in this experiment from germinating. These results demonstrate that exposure 

to acetic acid at 0.1% concentration in seawater or 90% tap water with 10% seawater for 

three days is a practical means of preventing zoospore germination and could prove to be 

a low cost, low environmental impact means of disinfecting marine equipment. These 

treatments could be applied to ballast water and vessel hulls in efforts to eliminate vectors 

of zoospore transmission, or used to disinfect docks, pilings and other harbor equipment 

during eradication programs.      

            The experiments on the effect of treatments with acetic acid and tap water on the 

sporophylls demonstrated that these treatments significantly reduce (but do not eliminate) 

the ability of sporophylls to release zoospores. If used to treat ballast water or marine 

equipment, acetic acid or tap water would prevent zoospores from germinating and have 

the added benefit of reducing the ability of sporophytes or sporophyll fragments 

(contained in ballast water or attached vessels, docks, etc.) to release new zoospores. 

 

Conclusion 

 

            The results obtained from this study clearly demonstrate the ability of Undaria 

sporophytes to remain reproductive when subjected to adverse conditions, such as 

defoliation and darkness. Undaria zoospores can survive after being subjected to 

darkness, indicating that zoospores and defoliated sporophylls can easily be transferred to 

new areas via ballast water. Future efforts to mitigate vectors of Undaria transmission 
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should focus on treating both ballast water and hulls of vessels. The importance of 

removing the entire kelp thallus from the ocean is vital in order to prevent continued 

zoospore release from severed sporophytes or sporophyll fragments. 

 Individuals removing Undaria from their vessels/marine equipment or those 

involved in eradication programs should take extreme care to remove the entire 

sporophyte from the ocean. Public outreach efforts aimed at educating boaters on means 

of removing Undaria from their vessels should underline the importance of preventing 

sporophytes or sporophyll tissue from re-entering the ocean. 

            Initial tests with acetic acid and with tap water proved successful at preventing 

zoospores from germinating, and demonstrated the added benefit of reducing the ability 

of sporophylls to release zoospores. These experiments did not test the effect of these 

treatments on fully developed gametophytes, which would be present in areas of Undaria 

invasion, including docks, vessels hulls, and other marine equipment. Gametophytes 

could also be transferred by contaminated ballast water, spreading Undaria to new 

locations.  

It is important to conduct further research on how the fully developed microscopic 

gametophyte generation is affected by tap water or acetic acid treatments in order to fully 

assess the ability of these treatments to prevent the spread of Undaria. If acetic acid or 

tap water is effective at destroying gametophytes or preventing their reproduction, they 

could be very important tools for mitigating the spread of Undaria if applied to the 

ballast tanks and hulls of incoming ships. Additionally, these treatments would be an 

extremely valuable means of eradicating microscopic propagules from invaded harbors or 

coastal ecosystems.  
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Public Outreach Summary 

 
 

Undaria pinnatifida is considered among 100 of the world's worst invasive species 

according to the Global Invasive Species Database. Undaria arrived in Los Angeles, 

California in 2000 and has since spread to several harbors along the California coast, 

including Monterrey, Santa Barbara, San Diego and, most recently San Francisco. 

Undaria is a fast growing, highly reproductive, and opportunistic species that has been 

shown to reduce native seaweed species diversity and richness.  

 Undaria spreads to new harbors through ship hull fouling and contaminated 

ballast water, thus it is vital to educate boaters, harbor masters and other individuals 

involved in maritime activities about the dangers of transmitting Undaria and methods of 

reducing its spread.  These aims can be achieved through targeted public outreach 

campaigns. If the invasion of Undaria in California is to be reduced, it is imperative to 

reach the individuals who have the ability to prevent spread. I have created an 

informative flyer to be distributed to individuals involved in maritime activities.  This 

flyer will be posted in the offices of harbor masters, marine equipment shops, and bait 

and tackle stores along the California coast in order to educate individuals involved with 

harbor and maritime related activities. The Executive Secretary of the California 

Association of Harbor Masters and Port Captains was contacted about the distribution of 

this flyer and it has been forwarded it to the California Board of Directors and the "Slack 

Tide" (bi-monthly newsletter) Committee for consideration of printing in their upcoming 

June newsletter. 
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