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Abstract 

Title: Using Disruptive Coloration and Ultraviolet Light to Prevent Barnacle Settlement 

Author: Kailey Nicole Richard 

Advisor: Kelli Hunsucker, Ph.D. 

Biofouling or the accumulation of unwanted micro and macro organisms is 

problematic for the shipping industry. Barnacles are one of the most abundant 

fouling organisms and their settlement on ship hulls can result in costly damage. 

Several methods have been developed to prevent the formation of biofouling, 

including antifouling coatings and mechanical techniques, but the search for more 

effective and environmentally friendly solutions is still ongoing. This thesis 

investigated two methods aimed at barnacle prevention: color patterning and the 

application of ultraviolet light. The first method utilized disruptive coloration, a 

common mechanism observed in nature by terrestrial organisms (i.e. butterflies) 

and marine organisms (i.e. cuttlefish), to distort the outline of the organism 

hindering it from detection. Two patterns (dots and stripes) and two-color patterns 

(white/red and yellow/red) were selected. In addition, three different sizes of these 

patterns were created based on the average size range of a barnacle cyprid: 1mm 

width by 1.5 mm spacing, 0.5 mm width by 0.75 mm spacing, and 0.25 mm width 

by 0.35 mm spacing. Testing over a four-month period, determined barnacle 

settlement was significantly different among patterns for months 1 and 3. However 

due to low settlement, the differences were not consistent throughout the study, and 

therefore disruptive coloration and pattern types could not definitely be identified 

as an antifouling mechanism. The second method used ultraviolet-C light (UVC) in  

synergy with surfaces of varying colors (red and white) and reflective properties 



 

 iv 

(stainless steel and polycarbonate) to prevent barnacle settlement. Two small 

studies were conducted using two frequencies (one minute a day and one minute 

every six hours) each for a one-month period. In addition to investigating how the 

different surfaces worked with UVC, the indirect effect of stainless steel on 

polycarbonate was also tested. Barnacle settlement was not significant among UVC 

exposure to color panels, surface type, or by the indirect effects of stainless steel on 

polycarbonate. While both of the novel methods tested: disruptive color and UVC, 

did not have a consistent effect on barnacle settlement, some impact on other 

members of the biofouling community were observed. For example, tubeworm 

settlement was found to be greater on red surfaces compared to white surfaces and 

settled regularly on stainless steel panels over polycarbonate panels. Future work 

should investigate the impacts of both disruptive coloration and the application of 

UVC to target other members of the biofouling community.  In addition, both of 

these techniques may be more successful when used in combination with additional 

antifouling methods. 
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Chapter 1 
Background 

The accumulation of unwanted micro and macro organisms, also known as 

biofouling, is a persistent problem in the shipping industry. Within minutes of 

immersion a surface, such as a ship hull, accumulates a conditioning film, followed 

by bacteria and other unicellular organisms. This forms what is known as slime or 

microfouling (Callow & Callow 2002). Soon after, macrofouling communities such 

as barnacles, sponges, and tunicates begin to grow, creating a complex fouling 

community. When unwanted, this accumulation causes rough surfaces that result in 

increased drag, lower fuel efficiency, increased greenhouse gases, damage to 

equipment, and the transfer of invasive species (Schultz et al 2011). Significant 

growth on a ship hull, may even require physical removal (e.g. brushing, power 

washing, scrapping) of the biofouling organisms (Schultz et al 2011).  

 

Currently the most common approach to biofouling prevention on ship hulls is the 

application of coatings. These fall into two main categories: antifouling (AF) and 

fouling release (FR) (Swain 1999). Antifouling coatings are biocide based, such as 

copper, which deters growth, making it hard for other organisms to attach and 

develop (Swain 1999; Callow & Callow 2002; Almeida et al 2007). The drawback 

is that these coatings emit copper and other chemicals into the water creating 

nutrient loading (Almeida et al 2007). On the other hand, fouling release coatings 

have been developed as an alternative to the biocide-coatings. These coatings are 

often silicone based, and work by reducing the adhesion strength of organisms 

allowing for easier removal either via cleaning or hydrodynamic forces which are 
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imparted on the ship hull as it moves through water (Swain 1999; Callow & Callow 

2002). Other approaches include mechanical methods which either prevent the 

buildup of biofouling or remove a fully established biofouling community. 

Grooming, which uses remotely operated vehicles (ROVs) equipped with brushes 

to frequently and gently wipe the ship hull, can remove fouling before it has time to 

fully establish (Tribou & Swain 2010). Grooming at a frequency of once a week 

was effective in removing micro and macrofouling on both AF and FR coatings 

(Tribou & Swain 2010; Hearin et al 2015; Tribou & Swain 2017). Cleaning is 

another alternative, which is a reactive approach to fouling control, and aims to 

remove growth via power washing either in or out of water. Currently, there are 

concerns that grooming and cleaning may release coating biocidal materials into 

the water, and thus there are methods in place to capture the effluent (Tribou & 

Swain 2017). While there are many types of antifouling methods and strategies 

available, there is still a need for solutions which are environmentally friendly 

(Woods et al 2012).  
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Chapter 2 
Introduction 

Color Variations in Nature 

Coloration in marine organisms is common and serves different purposes, many of 

them organism dependent. Coloration of marine organisms can be either 

aposematic or disruptive. Aposematic organisms are brightly colored, in which the 

combinations of different colors act as warning signals for predators, signaling that 

the species is toxic, distasteful, or difficult to capture (Wicksten 1989). Aposematic 

coloration is common in terrestrial organisms (i.e. frogs, butterflies, wasps), along 

with marine organisms such as starfish, and several fish species. Hyselodoris 

fontandraui, a nudibranch gastropod, displays a bright purple and yellow coloration 

indicating it possess a chemical defense causing it to be distasteful to predators 

(Figure 2.1 a)(Haber et al 2010). Similarly, ovulids, a widely dispersed gastropod, 

range in coloration from white and yellow to purple and blue. Most of the 

coloration is cryptic and similar to the surroundings, while others display bright 

colors different than their surroundings to act as warnings. However, most ovulids 

rely on their pattern more than just coloration to broadcast their toxicity (Rosenberg 

1992). The ovulid, Cyphoma gibbosum, also known as the Flamingo Tongue 

(Figure 2.1 b) is widely recognized by scuba divers for its pattern. To fish this 

pattern signals  distastefulness caused by a poisonous chemical located in the shell 

(Rosenberg 1992).  

 

Disruptive coloration is defined as the use of color to distort the shape of an 

object’s form to avoid detection (Stevens & Merilaita 2008). In nature, organisms 

display disruptive coloration as a method of camouflage (i.e. reef fish, moths, 
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caterpillars). Cuttlefish are the most common marine organism known to display a 

coloration pattern similar to the sediments (Figure 2.1 d)(Barbosa et al 2007). In 

terrestrial organisms like cows, disruptive coloration can be used to confuse tabanid 

flies from landing. These flies contain several diseases and can be annoying to 

grazing animals. Blaho et al (2012) tested attractiveness of tabanid flies with 

different sizes and numbers of cow spots (Figure 2.1 c). They found that the flies 

are less attracted to spottier cows. More recently a study was conducted to compare 

the behavior of tabanid flies around zebras and horses and found a significant 

decrease in fly landings on zebras (Figure 2.1 e). Then when striped cloths were 

placed on the horses, there was also a significant decrease in fly landings, 

suggesting that the patterns are distracting to the flies (Caro et al 2019). 

 

 

Figure 2.1 — (a) Hyselodoris fontandraui (Sea slug) (b) Cyphoma gibbosum (Flamingo Tongue) 
(c) Bos primigenius (Spotted cattle) (d) Sepia officinalis (Cuttlefish) (e) Equus burchelli (Zebra) (f) 
Anolis urraoi (Lizard) (g) Platycercus elegans (Subadult Crimson Rosel (h) Sinapis alba 
(Crusiferae flower) 

Substrate color has shown to influence the attachment of benthic organisms, often 

suggesting darker surfaces are favorable for settlement. In short-term color surface 

tests, Swain et al (2006) found that Ulva sp. and Spirorbis sp. preferentially settled 

on black surfaces over white surfaces. Robson et al (2009) investigated color 

(yellow, blue, red, white, grey, and black) and the effects on the recruitment of 
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barnacles. Results showed that yellow and white surfaces had the lowest barnacle 

recruitment while black surfaces had the highest recruitment. Coral settlement has 

also been shown to be influenced by color. Coral larvae settlement was dominant 

on surfaces with wavelengths greater than 550nm, such as red (Mason et al 2011). 

Corals species, Porites astreoides and Acropora palmata, each were found to 

consistently settle on red surfaces compared to other colors including green, blue, 

and yellow (Mason et al 2011).  

 

Ultraviolet (UV) Light 

Ultraviolet-C (UV) light is commonly used for the prevention of bacteria in the 

medical field. It has recently been applied in the marine field to prevent fouling 

formation on multiple surfaces (i.e. ships) due to its increased affordability (Von 

Sonntag et al 2003; Bak et al 2009; Salters & Piola 2017). It is also considered an 

environmentally friendly modem of biofouling removal or prevention (Salters & 

Piola 2017). UVC light (254nm) damages bacteria cells by attacking DNA (Von 

Sonntag et al 2003). UV radiation can disrupt the detection and settlement of coral 

larvae along with decreasing the formation of biofilms on various surfaces (Hung et 

al 2005; Hung et al 2005; Gleason et al 2005). Barnacles have been shown to 

become blind when exposed to UVB light, preventing them from detecting surfaces 

and settling (Chiang et al 2003).  

 

The use of UVC light has proven 99% efficient in the medical field in preventing 

biofilms, but also in the marine environment by sterilizing the water (Bak et al 

2009). Prior UVC experiments have been conducted at Florida Institute of 

Technology (FIT) to determine the influence of distance from a UVC source on the 

distribution and settlement of biofouling organisms (Braga 2018; Hunsucker et al 
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2019, Braga et al 2020). Continuous exposure allowed for no fouling to occur, and 

frequencies of 1 minute a day displayed effectiveness in the prevention of 

biofouling formation including macrofouling organisms such as barnacles 

(Hunsucker et al 2019, Braga 2018). 

 

Color and UV Light 

Pigments appear to our eyes as certain colors because of the way they interact with 

the electromagnetic spectrum (Figure 2.2). Pigments will reflect the wavelength of 

visible light which allows us to see specific colors from other colors. For instance: 

red paints will absorb light from the 400nm to 600nm range and will reflect light at 

700nm (Serway et al 2016). This phenomenon will affect the amount of energy that 

is reflected and the amount of light an organism, like a cyprid, may encounter 

during settlement. On the visible spectrum, red colors (long wavelengths) will 

reflect the least amount of energy compared to purple and blue colors (short 

wavelengths) that reflect the most energy (Serway et al 2016). In addition to 

regular colors, white surfaces will reflect the highest amount of energy as they 

reflect all visible wavelengths and black surfaces will give off the least energy as 

they reflect no visible wavelengths (Serway et al 2016).). 
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Figure 2.2 — The Electromagnetic Spectrum highlighting wavelengths and colors that are visible to 
human eye. 

Visual signals are a key sense in animals. These signals include the use of ambient 

light for mating, minimizing predator detection, pollination, etc. (Macedonia 2001).  

The male adult lizard, Anolis sp., uses its colorful fan throat (dewlap) to protect its 

home from other male lizards but also to attract females (Figure 2.1 f) (Macedonia 

2001). The interaction of UV light with color enhances these crucial interactions 

that allow for populations to thrive. Birds are most commonly studied for their 

interaction with UV light. They are capable of detecting UV wavelengths through 

an additional cone, that the human eye does not contain, allowing them to view a 

larger color spectrum (Eaton & Lanyon 2003). In several species the use of this 

additional spectrum aids in selective mating. Eaton & Lanyon (2003) stated that the 

coloration of a bird’s plumage undoubtedly serves a role in mating selections. The 

interaction with UV light plays a significant role in feather color (Figure 2.1 g). 

Flowers also portray visual signals for pollinators (Figure 2.1 h). High UV-

absorbing corollas (e.g. pink, yellow, white) indicate high pollen counts, attracting 
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more pollinators such as bees and butterflies. In contrast low UV-absorbing 

corollas (e.g. purple, pale violet, pale yellow) were less attractive to pollinators 

(Horovitz & Cohen 1972). 

 

Purpose 

Barnacles are one of the most prominent taxa in a biofouling community. Barnacles 

have a complex life cycle in which they go through 6 different naupliar stages in 

which they metamorphize to a cyprid (Matsumura & Qian 2014). Once a cyprid, it 

is crucial to find a location to settle for survival. Barnacle settlement has previously 

indicated influence by water temperature, salinity, and chemical cues (Matsumura 

& Qian 2014). The color of a substrate can also influence cyprid settlement 

(Matsumura & Qian 2014). Colors with lower wavelengths, such as blue, was 

reported to attract a lower number of barnacles cyprids (Taki et al. 1980; 

Matsumura & Qian 2014). In contrast higher wavelengths, such as yellow and red, 

have shown to attract a higher number of barnacles cyprids (Matsumura & Qian 

2014). Balanus amphitrite, striped acorn barnacle, settles more frequently on red 

surfaces indicating the species may be capable in detecting surface color (Taki et 

al. 1980; Matsumura & Qian 2014). There is considerable evidence that both coral 

larvae and barnacle larvae are capable of detecting color, and this may also be 

inferred for other fouling organisms.  

 

With red color being one of the most common colors used for paint coatings, this 

could have an influence biofouling prevention. Understanding the effects of color 

and color patterns on biofouling recruitment will allow ship management to make 

very simple decisions on coating color for their vessels. While UVC light has 

proven to prevent biofouling, its synergistic effect with color has yet to be studied. 
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The application of UVC light may provide additional fouling protection for a ship 

hull or niche areas. The studies presented in this thesis aim to use bioinspired 

techniques to hinder barnacle settlement, specially through the use of (1) disruptive 

coloration and (2) the application of UVC light used in synergy with varying colors 

and reflectance.  
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Chapter 3 
The Effect of Color and Disruptive Coloration on 

Barnacle Settlement  

Abstract 

Biofouling, the unwanted accumulation of plants and animals, creates critical 

problems for the shipping industry. While several approaches to diminish 

biofouling settlement have proven effective (i.e. antifouling paints), the search for 

an environmentally friendly solution is still on going. One such alternative may be 

the use of disruptive coloration, defined as the use of color to distort the shape of an 

object’s form to avoid detection. A biologically inspired study was designed to 

influence the settlement of barnacles over a four month study period. Two patterns 

(stripes and dots) were chosen based on the disruptive patterns of Hyselodoris 

fontandraui (sea slug), Cyphoma gibbosum (Flamingo tongue), Bos primigenius 

(spotted cow), and Equus burchelli (zebra). Three colors (red, yellow, and white) 

were used for the patterns, based on their success in previous biofouling studies. 

Pattern sizes were scaled to match the critical settlement stage of barnacles, the 

cyprid. Disruptive color proved effective only during the final week of month 1 and 

month 2, where differences were seen in overall fouling community composition. 

Barnacle settlement was statistically different among several patterns during month 

1 and month 3 but was ultimately not considered an effect of disruptive coloration 

because this was not consistent between months. Visually, differences could be 

noticed among pattern size, with fewer barnacle settlement on the 0.25 mm dots 

leading to the conclusion that the dot size could have been unappealing. Future 

work should consider taking biofilm samples from the surface, as it may indicate 
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newly settled barnacle cyprids, as well as investigating the impacts of color on 

other dominant fouling organisms, such as tubeworms.  

Introduction 

Biofouling, the unwanted accumulation of micro and macro organisms, is a large 

problem in the shipping industry. Common methods for prevention include the use 

of antifouling coatings that contain a biocide, often copper, to prevent the 

formation of biofilm and larger organisms (i.e. barnacles) (Swain 1999, Callow & 

Callow 2002; Almeida et al 2007). While effective, antifouling coatings release 

toxins or chemicals into the water, which can result in nutrient loading (Almeida et 

al 2007). Fouling release coatings have also been developed, which have a low 

modulus of elasticity creating a hydrophobic surface, reducing the attachment 

strength, allowing for the release of fouling while a ship is in motion (Swain 1999). 

However, once a ship is underway settled organisms could be dislodged in foreign 

regions, allowing for invasive species transfer (Callow & Callow 2002). While both 

of these coating types have shown to be effective, there is still a search for new 

methods in fouling prevention, especially those which are environmentally friendly. 

 

Substrate color has shown to influence the settlement of various marine organisms 

such as barnacles, algae, and different coral species (Taki et al. 1980; Matsumura & 

Qian 2014; Mason et al 2011; Swain et al 2006). For example, Balanus amphitrite, 

the striped barnacle, settles more frequently on red surfaces (Taki et al. 1980; 

Matsumura & Qian 2014). While solid colors have proven to influence settlement, 

aposematic coloration or disruptive color is a concept to consider due to the 

effectiveness in terrestrial organisms. Aposematic organisms use their bright color 

combinations to act as warning signals to their predators, stating that they are 

poisonous, toxic, distasteful, or hard to capture. This form of coloration is 
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commonly used by terrestrial organisms (i.e. frogs, butterflies) and marine 

organisms (i.e. starfish, gastropods) (Barbosa et al 2007; Stevens & Merilaita 

2008).  

 

Disruptive coloration is the combination of various colors that distorts the image of 

an organism, as a method to avoid detection (Stevens & Merilaita 2008). Disruptive 

coloration has been observed in organisms such as cows, which use their spots to 

deter tabanid flies (Blaho et al 2012). Cows with a greater number of smaller spots 

have been shown to have fewer fly landings when compared to cows with a smaller 

number of larger spots. The stripes of a zebras serve the same purpose, to deter flies 

from landing on them (Caro et al 2019).  

 

Barnacles are a persistent problem in the shipping industry, due to their abundance 

throughout the worlds ports and coastal ecosystems. For barnacles, the most crucial 

phase of life is the cyprid phase, where they select a surface to attach and remain 

permanently affixed (Essock-Burns et al 2017). The cyprid, though very small   

(0.5 mm-1 mm), has a well-developed nervous system and the neurological 

capability that is believed to determine where it settles (Harrison & Sandeman 

1999).  

 

The study, herein, aims to use aposematic and disruptive coloration, to deter 

barnacle settlement. Colors were chosen based off a literature review, focusing on 

those that have shown to influence barnacle settlement. The pattern sizes were 

constructed based off the average size of a cyprid. Color patterns were created in 

order to test if: (1) disruptive coloration and (2) pattern size would reduce the 

abundance of barnacle settlement. Specifically, this study aims to address the 

following hypotheses: 
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𝐻": Disruptive coloration (combinations of red/white and red/yellow) will reduce 

the abundance of barnacles compared to solid colors of red, white, and yellow.  

 

𝐻#: Larger patterns sizes (1 mm with 1.5 mm spacing) of disruptive coloration will 

be more effective at reducing, barnacle settlement, compared to smaller pattern 

sizes (0.25 mm with 0.35 mm spacing).  

 

Methods 

Color and size of patterns 

Disruptive coloration was tested for its effect on barnacle settlement, with solid 

colors serving as controls. Colors selected for both solids and disruptive patterns 

were based off prior research which have shown specific colors to have an impact 

on the settlement of biofouling organisms: red (Taki et al. 1980; Matsumura & 

Qian 2014; Mason et al. 2011), white (Swain et al 2006), and yellow (Robson et al. 

2009). Disruptive coloration (stripes and dots) served as the experimental 

treatment. 
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Table 3.1 — A list of colors with their associated RGB numbers used to create the solid colors and 
color patterns. 

Color Visual 
Representation 

RGB Code References 

Red  255, 0, 0 Taki et al. 1980; 
Matsumura & Qian 
2014; Mason et al. 2011  

White   0, 0, 0 Swain et al 2006  
Yellow  255, 255, 134 Robson et al 2009  

 

Solid colors were printed on weatherproof computer paper using the specified RBG 

codes (Table 3.1). Each colored paper was sandwiched between a 101.6 mm x 

203.2 mm x 1.6 mm polycarbonate plate to create a uniform surface (herein 

referred to as a panel). The polycarbonate panels were 1.6 mm thick to allow for 

the color paper to be clearly visible. General Electric (GE) all-purpose silicone was 

used to seal the edges of panels to prevent water ingression which would alter the 

color and paper. Trilux-33 (Interlux) an antifouling spray paint, was used as a 

border on the panels to prevent edge effect of unwanted fouling (Figure 3.1). 
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Figure 3.1 — Construction process of solid and patterned panels. (a) Solids and color patterns were 
sandwiched between two 101.6mm x 203.2mm x 1.6mm polycarbonate plates and sealed together 
by General Electric (GE) all-purpose silicone and held together by clothes pins for drying. (b) Solids 
and patterns were covered with blue masking tape to be prepped for Trilux-33 antifouling spray. (c) 
Finished panels with antifouling paint around the edges and ready to be immersed. 

Two patterns were selected to create disruptive coloration: dots and striped (Figure 

3.2 & Figure 3.3). These patterns were chosen based off the disruptive coloration of 

Hyselodoris fontandraui (sea slug), Cyphoma gibbosum (Flamingo tongue), Bos 

primigenius (spotted cow), and Equus burchelli (zebra). Each organism uses 

disruptive color and aposematic color to become undetected or to ward off 

unwanted organisms. The striped print pattern contained two color combinations 

similar to the dotted patterns: yellow/red (Y) and white/red (W) combination  

(Table 3.1). 

 

Three different scaled combinations of the striped and dotted patterns were used to 

test which size would be more effective in preventing barnacle settlement. Based 

off a literature review, all the prints were downsized to be proportionate to the 

biofouling organisms present at the test site (Port Canaveral), specifically geared 
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towards barnacles. Barnacles begin to settle on a surface when they have 

metamorphosed into a cyprid. This stage becomes critical to a barnacle’s permanent 

settlement (Essock-Burns et al 2017). Based on this, the patterns were condensed to 

the average barnacle cyprid size (Johnson & Allen 2012). The first scale of dotted 

patterns was set to 1mm in diameter and the first scale of striped patterns were also 

set to 1mm in width (Johnson & Allen 2012). Each dot and stripe were spaced     

1.5 mm away from each other to make minimal open space between dots or stripes 

(Figure 3.2 a & Figure 3.3 a). The second scale was half of the original size. The 

dotted pattern was 0.5 mm in diameter and the stripes were 0.5 mm in width, with 

0.75 mm spacing (Figure 3.2 b & Figure 3.3 b). The third and final scale was cut in 

half again. The dotted pattern was 0.25 mm in diameter and the striped pattern  

0.25 mm in width, with 0.35 mm spacing (Figure 3.2 c & Figure 3.3 c).  

 

 

Figure 3.2 — Samples of stripe patterns used for disruptive coloration. Each striped pattern had a 
yellow/red combination and a white/red combination. In the first scale (a) the stripes are 1 mm in 
width with 1.5 mm spacing. The second scale (b) of stripes are 0.5 mm in width with 0.75 mm 
spacing. The third scale (c) the stripes are 0.25 mm in width with 0.35 mm spacing. 
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Figure 3.3 — Samples of dotted patterns used for disruptive coloration. Each spotted pattern had a 
yellow/red combination and a white/red combination. The in the first scale (a) the dots are 1 mm in 
width with 1.5 mm spacing. The second scale (b) of dots are 0.5 mm in width with 0.75 mm 
spacing. The third scale (c) the dots are 0.25 mm in width with 0.35 mm spacing. 

The color patterns were fabricated by printing them out on weatherproof computer 

paper using the RGB codes as above (Table 2.1). Panels were constructed using the 

same technique as stated above for the solid color panels (Figure 3.1). Each pattern 

was printed to create double-sided panels for a total of 4 replicates of each pattern. 

From this point forward the patterns will be referenced by the background color 

(yellow or white), the dot (D) or stripe (S), and size (1 mm, 0.5 mm, and 0.25 mm). 

For example, WD0.5 mm indicates the white/red color combination, with 0.5 mm 

size dots and 0.75 mm spacing. 

 

Static Immersion 

Testing was conducted at FIT’s biofouling facility located in Port Canaveral, 

Florida (28°24'31.01"N, 80°37'39.54"W). The average salinity at this location is 34 

± 2 ppt, and the average water temperature is 27 ± 2 °C. Biofouling is high year-

round, with seasonality viewed among different fouling organisms. For example, in 

the warmer months (June, July, August) encrusting bryozoan, tunicates, calcareous 

tubeworms, and barnacles dominate while in the cooler months (December, 

January, February) arborescent bryozoan and biofilms dominate.  
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Panels were sandwiched between two polycarbonate panels, which have holes 

placed at the four corners to allow for suspension on a PVC frame. The frame was 

hung from static immersion barge. All panels were immersed 0.5m below the 

surface of the water for a 4-month period (August 2019-December 2019) following 

the ASTM standard (ASTM D3623). Fouling coverage was visually assessed 

weekly for each month. Only fouling organisms that were matured and directly 

attached to the surface were recorded, but this does not include amphipods (ASTM 

D6990). Barnacles were also counted each week to assess the influence of pattern 

and color, except for the first week of the month due to settlement being too small 

to identify. After each month (4-weeks) of immersion all panels were cleaned back 

by scraping to remove fouling and then wiped down with vinegar to neutralize the 

surface and eliminate settlement cues.  

 

Statistical analyses  

A permutational multivariate analysis of variance (PERMANOVA) was conducted 

to determine if the fouling functional groups were equivalent for disruptive color 

panels during the last week (week 4) of each month. This was done on both solid 

and patterns panels.  Data was plotted using a non-metric multidimensional scale 

(MDS) only if significant. A similarity percentage breakdown (SIMPER) analysis 

was then conducted to assess the percentage of each fouling group that contributed 

to the overall fouling. The percentages indicate the dissimilarity between disruptive 

color patterns and solid groups.  

 

A PERMANOVA was conducted on each pattern size, using data collected during 

the last week (week 4) of each month. Data that was found to be significant and 

plotted using an MDS. A SIMPER analysis was then conducted on the fouling 
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groups of the different pattern sizes. To compare barnacle settlement among each 

month, a simple analysis of variance (ANOVA) was performed. All analyses were 

conducted using R statistical software (2019).  

Results 

Fouling settlement over the course of the experiment was high, as seen by the 

overall community abundance at the end of month 1, 2, 3, and 4 (Figure 3.4). 

During month 1 fouling primarily consisted of biofilm, tunicates, and tubeworms 

(Figure 3.4 a). Month 2 was similar to month one, but with an increase in barnacle 

settlement (Figure 3.4 b). Months 3 and 4 experienced more soft fouling. Biofilm 

was the primary fouler with some tunicates present (Figure 3.4 c & Figure 3.4 d). 

Overall fouling was found to be non-significant for month 3 and month 4. 

Furthermore, there was no observed differences among all solids and patterns 

(Figure A.3). There were several observed variations in fouling composition and 

barnacle settlement as a result of disruptive coloration and pattern size for month 1 

and month 2. These months (month 1 and month 2) are discussed in more detail 

below. Representative photos of color and pattern panels along with graphs 

indicating only macrofouling coverage are located in Appendix A.  

 

Disruptive Coloration  

Disruptive coloration was tested by comparing solid to patterned panels. After one 

month of immersion, a significant difference was observed in fouling settlement 

among solids (red and white) and white patterns of all sizes (p<0.05). However, no 

significance was found among yellow patterns. Overall, the fouling community 

observed during month 1 consisted of biofilm, tunicates, and tubeworms (Figure 

3.4 a, Figure A.5 a). MDS and simper results indicate that red solids and white dots 
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contained a similar abundance of fouling, which was dominated by biofilm and 

tubeworms (Figure 3.5 a, Figure A.1). Tunicate abundance resulted in dissimilar 

communities between white solids, white stripes, and white dots precisely with 

WD0.5 mm, WD1 mm, WS0.25 mm, and WS1 mm (Figure 3.5 a, Figure A.1).  
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Figure 3.4 — Average percent cover of biofouling organisms at the end of each Month (a) Month 1 
(b) Month 2 (c) Month 3 (d) Month 4. 
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Fouling community of month 2 consisted of biofilm, hydroids, arborescent 

bryozoan, barnacles, tubeworms, and tunicates (Figure 3.4 b, Figure A.5 b). There 

was a significance among solids (red, white, and yellow) and both white and yellow 

patterns (p<0.05). Based on MDS and SIMPER results (Figure 3.5 b), there was a 

difference in the fouling communities observed on the white striped patterns with 

dots and solids. This difference was driven by barnacle and tunicate settlement 

(Table A.2). Fouling accumulation on the two solid colors, white and red, also 

appeared to have a disconnect due to tubeworm abundance (Figure 3.5 b, Table 

A.2). When comparing yellow patterns, differences were driven by a combination 

of tubeworm and tunicate settlement (Figure 3.5 c, Table A.2). The two solid colors 

(red and yellow) had some dissimilarity due to a greater barnacle abundance on red 

panels (Figure 3.5 c, Table A.2).  
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Figure 3.5 — MDS plot of average biofouling community among (a) red solids, white solids, and 
white patterns (dots and stripes) during month 1 week 4 and (b) red solids, white solids, yellow 
solids, white patterns (dots and stripes) during month 2 week 4, and (c) yellow patterns (dots and 
stripes) during month 2 week 4 (refer to Appendix A, Tables A.1, A.2, A.3, and A.4, for SIMPER 
results comparing all solids and patterns). 

Barnacle settlement was highest during month 2, for all colors, specifically during 

week 3 and 4. Settlement was in the range of 10-45 barnacles per panel (Figure 

3.7). During the remaining months (months 1, 3, and 4) barnacle settlement was 

low ranging from 0-5 barnacles per panel (Figure 3.7). There was no significant 

difference between solids and patterns (p>0.05)(Figure A.4). All months showed 

significant differences between weeks, but this is not considered an important 

finding because it is expected for barnacle counts to increase with time.  
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Figure 3.6 — Average barnacle settlement by week over the 4-month test period for (a) red, white 
and yellow solids (b) yellow stripe patterns (c) white stripe patters (d) white dot patterns and (e) 
yellow dot patterns.   

Pattern Size 

Among the disruptive color patterns, 3 different pattern sizes were tested               

(1 mm/1.5 mm, 0.5mm/0.75 mm, 0.25 mm/0.35 mm). With regards to pattern sizes 

some differences were observed. The total fouling community was significant 
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during the final week (week 4) of Month 1 and Month 2. Overall fouling during 

month 1 consisted of biofilm, tunicates, and tubeworms (Figure 3.4 a, Figure A.5 

a). Fouling accumulation during this month was significantly different among 

solids (p<0.05) and the white dot patterns (p<0.05), but there was no significance 

within white stripes and yellow patterns (p>0.05). Variation in the communities 

which accumulated on white solids and white dots was driven by tubeworms, 

specifically between WD0.25 mm and WD0.5mm (p<0.05)(Figure 3.6 a, Table 

A.1). Biofilm abundance drove differences among red solids with white dots. 

Differences in the communities which formed on the WD1 mm between WD0.25 

mm and WD0.5 mm was compelled by tunicates (Figure 3.6 a, Table A.1).  

 

During month 2, differences in the overall fouling community was significant 

among solids and yellow/red patterns (p<0.05)(Figure 3.6 a-b, Table A.2), but was 

not significant for white patterns. For solids, the differences within the fouling 

community between red and yellow panels resulted from barnacle settlement 

(Figure 3.6 a-b, Table A.2). Differences between the community which developed 

on the red and yellow stripe patterns were driven by biofilm abundance. Tubeworm 

and tunicate abundance resulted in differences between the red and yellow solids 

with yellow dot patterns (Figure 3.6 a-b, Table A.2). Among yellow dot patterns 

separation was due to tubeworm and tunicate settlement, specifically among the 

YD0.25 mm and other size dots (Figure 3.6 a-b, Table A.2). Tubeworm and 

tunicate settlement also drove the differences between yellow striped panels.  

 

Month 3 and Month 4 did not show any statistical differences among the overall 

fouling communities in the final week with pattern type (Figure A.3 f-m, Table 3 & 

4). 
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Figure 3.7 — MDS plot of significant average biofouling community settlement on solid colors and 
pattern type during the final week for (a, b) Month 1 (c, d, e) Month 2 (refer to Appendix A, Tables 
A.1, A.2, A.3, and A.4, for SIMPER results comparing all solids and patterns). 

During month 1 and month 3 there was a significant difference in barnacle 

settlement between panels (p<0.05)(Figure 3.7, Figure A.4). Although there was 

little difference within a treatment (i.e. dots) some differences were seen while 

comparing the treatments (dots vs stripes). This was seen during month 1 (Table 

3.2), with differences among: WD0.5 mm and WS0.5 mm (p<0.05), WD0.25 mm 

and WS0.5 mm (p<0.05);WS0.5 mm and YD1 mm (p<0.05); WS0.5 mm and    

YS1 mm (p<0.05); and WD0.5 mm and Y (p<0.05). Similarly, in month 3 ANOVA 

results (Table 3.3) determined a few patterns were significantly different when 

compared to one another. During month 3, differences were found among W and 

WS0.25 mm (p<0.05), W and YS0.25 mm (p<0.05), and W and YD0.25 mm 

(p<0.05). Barnacle settlement was not significant during months 2 or 4. 
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Table 3.2 — ANOVA table of barnacle settlement during Month 1 (refer to Appendix A.4 a for 
graphed results). 

 df SS MS F p 
Pattern 14 12.91 0.92 3.99 p<0.001 
Week 2 4.71 2.35 10.19 p<0.001 
Residuals 163 37.67 0.23   
Total 179 55.29    

 

Table 3.3 — ANOVA table of barnacle settlement during Month 3 (refer to Appendix A.3 b for 
graphed results). 

 df SS MS F p 
Pattern 14 11.12 0.79 2.15 p<0.05 
Week 2 11.73 5.87 15.86 p<0.001 
Residuals 163 60.31 0.37   
Total 179 83.16    

 

Discussion 

Testing occurred over a 4-month period, spanning two different fouling seasons. 

The first two months occurred during the warmer months (27± 2 °C) where hard 

foulers like encrusting bryozoans, tubeworms, and barnacles dominated. Months 3 

and 4 occurred during the cooler months (23± 2 °C) when soft foulers such as 

biofilms, tunicates, and sponges dominated. This is consistent with what has 

previously been reported at the test site (Hearin et al 2015). Differences were 

observed with coverage of macrofouling however, this was not significant. For 

example, among the solids, yellow and white had less tubeworm and tunicate 

settlement than red surfaces. This coincides with previous studies that observed red 

surfaces with higher fouling rates when compared to other color surfaces (Taki et 

al. 1980; Matsumura & Qian 2014; Mason et al. 2011). Red surfaces also 
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experienced more hard fouling organisms while yellow and white surfaces had 

more soft fouling.  

 

Among the color patterns, trends in fouling coverage were visually observed. Both 

yellow/red and white/red dots (of all sizes) appeared to have less macrofouling than 

the stripes of the same colors. Differences between dots and stripes were especially 

apparent during the final week of Month 1. Stripes of both colors appeared to have 

more macrofouling compared to the dots, which tended to be dominated by 

microfouling. This may be due to the chaos of the dots visually, compared to the 

stripes which have a more uniform pattern. Meaning that striped patterns create a 

consistent form of reflected light compared to dots that would cause disorder in the 

reflected light decreasing its attractiveness (Egri et al 2012; Blaho et al 2012). The 

phototaxis of Tabanid flies has proven to be driven by the polarization of reflected 

light (Egri et al 2012). Blaho et al (2012) found that cows with more spots can 

disrupt the polarization of the reflected light causing the object to become non-

desirable. This same process could explain why the 0.25 mm dot pattern had less 

barnacle settlement. Although it is unclear if this process of light explains the trend 

observed, more research would be needed. 

 

Between the colored dot treatments, there was more macrofouling present on 

white/red compared to the yellow/red, and this was observed throughout each 

month. In comparison, stripes did not visually differ in fouling coverage by either 

color treatments. The difference seen between white/red dots compared to 

yellow/red dots could be due to the combination of colors which may have 

influenced tunicate fouling. In a previously published color study, the authors 

found tunicates settled less on yellow and green surfaces compared  to red, white, 

or blue (Satheesh & Wesley 2010). The results presented herein, also had similar 
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findings: white/red dots had grater tunicate fouling than yellow/red dots. While 

colors such as red can influence the settlement of barnacle, the opposite could be 

assumed for tunicates, but at this time more experiments need to be conducted to 

further prove this theory. 

 

Spots were created based on the average size of a cyprid, while the spacing 

between each dot was based on a scale of average distance between a settled 

barnacle (1.5 mm). The concept behind these sizes was to discourage barnacle 

settlement. This theory may hold based on the complexity of the barnacle cyprids 

neuroanatomy (Harrison & Sandeman 1999). The average size of a barnacle cyprid 

eye is about 40 µm (Hallberg & Elofsson 1983). When observing the size of the 

0.25 mm dots, through the eye of a cyprid, this would have created a very spotted 

surface. The sensory organs of the cyprid suggest that the cyprid may have the 

neurological power to select the surface they may settle on, and the 0.25 mm dot 

pattern could have been unappealing compared to the 1 mm size dots, which would 

have been appeared more spacious (Harrison & Sandeman 1999). To the human 

eye, the striped patterns visually are not as chaotic but almost uniform in 

appearance. The patterns may appear the same way to the cyprids and this could be 

the reason why barnacle settlement appeared higher on the dot pattern. 

 

Barnacle settlement did not differ among solids red, white, and yellow, 

contradicting the study by Matsumura & Qian (2014), which found barnacle 

settlement was typically high on red surfaces. For the current study, barnacles were 

counted in the field, thus when they became visible to the naked eye. Humans can 

visually identify a barnacle when they are about 50µm in size. Observations did not 

consider the attachment of cyprids or smaller barnacles (<50 µm) as done by 

Matsumura & Qian (2014). Therefore, this form of observation cannot say with 
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certainty that color affected all forms of barnacle settlement including the cyprid 

form. In addition, the polycarbonate panels selected for this experiment were the 

smallest thickness available. This allowed for the color to be observed by the 

human eye, but due to the size of barnacle cyprids it is possible that the color could 

not have been visible to the cyprid. Based on the results presented herein, color 

would not be a contributing factor in barnacle settlement preference. The influence 

of color has yet to be tested against biofilm formation, but if studied this influence 

could in turn impact the settlement of barnacles (Qian et al 2003). It was more 

related to the opportunity of attachment or other ques such as chemical properties 

and spatial variation. There is also a chance that barnacles which settled on the 

surface initially were removed before observation, either through competition or 

water flow thus not surviving to the inspection of the panel (Crisp 1955). Space 

becomes an important factor for filter feeding organisms which leads to 

interspecies competition and over the testing period tubeworm abundance was high, 

creating less success for competitors (i.e. barnacles) to settle and thrive within the 

biofouling community (Nandakumar et al 1993).  

 

Conclusion 

A novel experiment was designed to determine if disruptive coloration could 

impact fouling settlement, particularly focused on barnacles. Patterns statistically 

did not reduce barnacle settlement. Although, visual differences in fouling coverage 

could be observed among patterns (stripes and dots) and pattern sizes (0.25 mm), it 

is not enough to say that disruptive coloration is an effective way to prevent the 

settlement of barnacles. Thus, both hypotheses can be rejected, based on statistical 

data but, studied further could identify other patterns amongst biofouling 

organisms. 
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Future studies may consider using slightly more complex patterns or different 

colors for the patterns. Patterns may include checkered or camouflage style, and 

colors such as green and blue. Biofilms have previously shown to influence the 

settlement of certain macrofouling organism. Taking samples of the biofilm 

weekly, on solids and patterns, in order to view them under a microscope to get a 

better idea as to the relationship between specific biofilms and settling 

macrofouling, including the cyprid stages of barnacles. It may be possible that 

disruptive coloration affects other organism, such as tubeworms, and that would 

require more in-depth observations.   
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Chapter 4 
Investigating the Synergistic Effect of Ultraviolet 

Light (UVC) and Surface Type 

Abstract 

United States (US) naval ships spend long periods pier side, at anchor or under 

slow steaming compared to commercial ships. This static environment favors the 

buildup of biofouling, and thus ultraviolet (UVC) is being investigated as an 

antifouling method. Previous studies using UVC light have proven effective, but 

many questions still remain about its efficacy in preventing biofouling in the 

marine environment. A two-part study was designed to determine if barnacle 

settlement could be prevented through the application of UVC in synergy with 

varying surface types and color. Two surfaces with different reflective properties 

(polycarbonate and stainless-steel) were placed in 3-D printed boxes to allow for 

uniform exposure. Polycarbonate panels were either white or red. Two different 

durations of exposure were delivered to the panels, one minute a day and one 

minute every six hours, each for a one-month period. By the end of the first month 

(one minute a day of exposure) all panels were completely fouled. Red and white 

surfaces were not significantly different with regards to total fouling and barnacle 

settlement, although tubeworm abundance was significant. Polycarbonate and 

stainless-steel panels did show a significant difference in the fouling community, 

but no difference was shown for barnacle settlement. After the second month (one 

minute every six hours of exposure) the panels had minimal soft fouling, and no 

barnacle settlement. Visually over the two-month study, red polycarbonate surfaces 

had greater macrofouling than the white surfaces. The polycarbonate control panels 

had a higher number of barnacle settlement than the stainless-steel control panels, 
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but this was not true for UVC exposed panels. A more frequent application of UVC 

was affective at preventing barnacle settlement, but it is unclear if there was a 

synergistic effect with surface type or color.  

Introduction 

US Naval ships tend to spend long periods of time in port, where the hull is 

exposed to static conditions compared to hydrodynamic conditions experienced by 

the in-service ships (i.e. cruise ships and cargo ships). During these idle period’s 

ships can accumulate biofouling, a universal name for all fouling including micro 

and macrofouling. A ship with only biofilm (microfouling) and no macrofouling 

can cause up to $1.2 million in fuel consumption (Schultz et al 2011). Barnacles, 

one of the most abundant fouling organisms worldwide can cause an increase in 

drag which results in an increase in cost of fuel and cleaning, as well as damage to 

a ship hull (Schultz 2004). In addition, barnacles that are not removed through 

cleaning or hydrodynamic forces can lead to environmental impacts through 

invasive species transportation (Davidson et al 2008; Coutts et al 2010).  

 

There are two main types of marine coatings which are commonly used to reduce 

the impacts of biofouling on ship hulls (Swain 1999). These can be broadly 

categorized into antifouling and fouling release coatings. Antifouling coatings are 

used to prevent the settlement of fouling organisms with the addition of biocidal 

additives. Fouling release coatings, lower the adhesion strength of organisms, 

allowing for easy removal once the ship begins to move. While these coating have 

shown to reduce fouling, organisms are still capable of settling on these surfaces. 

Newer alternatives to biofouling prevention are being investigated, such as the use 

of ultraviolet (UV) light. The application of UVC is readily used in the medical 
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field to prevent bacterial biofilms and has recently been applied to the marine 

environment (Von Sonntag et al 2003; Bak et al 2009; Hunsucker et al 2019).  

 

Experiments previously conducted at Florida Institute of Technology, investigated 

the frequency and distance required for UVC exposure to be effective in preventing 

biofouling (Braga 2018; Hunsucker et al 2019; Braga et al 2020). These 

experiments proved UVC can work in synergy with both antifouling and fouling 

release coatings. Another possibility for biofouling prevention, is UVC applied to 

inert surfaces which have reflective properties or those which have colors that are 

unattractive to fouling organisms. A two-part study was designed to address both 

concepts.  

 

The first study determined if surface color and UVC could work in synergy to 

prevent biofouling and barnacle settlement. Colors reflect light at different 

frequencies, and it is thought that color would influence settlement during periods 

when there is no UVC exposure. Color has previously demonstrated to influence 

the settlement of organisms. Swain et al (2006) found that white surfaces contained 

less fouling than black surfaces. Red colored surfaces are a highly preferred color 

for settlement of barnacles including Balanus amphitrite, and some coral species 

(Taki et al. 1980; Matsumura & Qian 2014; Mason et al 2011). In contrast white 

color surfaces have shown to be less favorable for settlement (Swain et al 2006).  

 

The second study compared two surfaces with different reflective properties 

(stainless-steel and polycarbonate), exposed to UVC light, and their subsequent 

effect on barnacle settlement. In addition to the reflectance these surfaces have 

different chemical properties. Polycarbonate (low reflectance) has a high elastic 

modulus and a low advancing water contact angle, while stainless-steel (high 
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reflectance) has a higher water contact angle and can be corroded by fouling 

(Aldred et al 2010; Sangeetha et al 2010). It is thought that the high reflectance of 

the stainless steel may assist in the UVC application. 

 

Using the same setup as Braga (2018) and Hunsucker et al (2019), 3-D printed 

boxes were created to expose surfaces to UVC light to test their synergistic effect 

with: (1) surfaces of varying color and (2) surfaces with reflective properties. 

Specifically, to address the following hypotheses:  

 

𝐻": The combination of a white colored surface and UVC light will be more 

effective at preventing barnacle settlement and recruitment, compared to a red 

colored surface. 

 

𝐻#: The higher reflective surface (stainless steel) will have the lowest settlement of 

barnacles compared to the surface which has lower reflective properties 

(polycarbonate). 

 

𝐻%: When positioned across from one another, the reflective surface (stainless 

steel) will have an indirect effect on the surface which has lower reflective 

properties (polycarbonate), resulting in a low abundance of barnacles on the 

polycarbonate. 
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Experimental Setup 

UVC and color 

The synergistic effect of UVC with color was tested to determine the impact on 

fouling settlement, particularly barnacles. Two colors (red and white) were selected 

based off the experiment discussed in Chapter 3, and fabricated into polycarbonate 

panels using the same methodology (Figure 3.1). The red and white colors were 

printed on weatherproof computer paper using the RGB codes (Table 3.1). Each 

colored paper was sandwiched between a 101.6 mm x 203.2 mm polycarbonate 

plate to create a uniform surface for each panel. The polycarbonate panels were 1.6 

mm thick to allow for the color paper to be clearly visible.  

 

Four panel replicates were housed on two sides of a 3-D printed box, which also 

allowed water and fouling larvae to flow through (Hunsucker et al. 2019) (Figure 

4.1). A 25-watt Aqua UVC (254 nm) lamp was placed in the center, at a distance of 

25mm from the panels. Two different light exposure times were tested. The first-

round exposed panels to UVC light for one minute per day during a one-month 

period. The panels were assessed, then cleaned back. Based on results a second-

round of UVC exposure was applied at one minute every 6 hours for a one-month 

period. Each exposure time was based on previous studies which found these to be 

sufficient times for biofouling prevention using UVC (Braga 2018, Hunsucker et al 

2019). Times were set using a PRIME-digital lighting timer. Control panels were 

also constructed for each surface type, immersed during the same time period, and 

not exposed to UVC.  
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Figure 4.1 — Visual representation of the UVC box set up. The sides of the box are composed of 
two epoxy coated panels (101.6 mm x 203.2 mm) with 3-D printed caps that allowed for the lamp to 
be held in place. Each box houses 8 panel that are 25 mm from the lamp source on each side. 

UVC and reflectance 

The same box setup shown in Figure 4.1 was used to test the interaction of UVC 

with surfaces that have varying reflective properties, to determine how these in turn 

will impact fouling settlement. Stainless-steel and polycarbonate were used because 

they have a known reflectivity (Table 4.1). However, it was also hypothesized that 

the high reflectivity of the stainless-steel will have an indirect effect on the 

polycarbonate when positioned across from each other in the box. Therefore, three 

different treatments were established: all polycarbonate panels (Box 1), all 

stainless-steel panels (Box 2), and a combination of polycarbonate panels and 

stainless-steel panels (Box 3).  
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Eight polycarbonate panels were constructed as described above (Figure 3.1). Eight 

replicates of the stainless-steel, were cut into 101.6 mm x 203.2 mm panels and 

placed in the Box 2. Box 3 contained four stainless-steel panels on one side of the 

box and four red polycarbonate panels on the opposite side of the box. In each box 

contained a 25-watt Aqua UVC (254 nm) lamp placed in the center at a distance of 

25 mm from the panels on each side of the box. UVC light was exposed to the 

panels at a frequency of one minute per day (Braga 2018; Hunsucker et al 2019) for 

the first month. Following the results from the first month, which panels were 

100% fouled, it was decided to change the time frequency to one minute every six 

hours. Times were set using a PRIME-digital lighting timer. Control panels were 

constructed for each surface type, immersed and not exposed to UVC.  

Table 4.1 — Known reflectance of polycarbonate and stainless steel. 

Material Known reflectance of UV 
light (200nm-280nm) 

References 

Polycarbonate 0 Flores & Pai-
Paranjape (2015) 

Polished Stainless Steel 0.3 Zwinkels et al (1994) 

 

Immersion 

Testing was conducted at FIT’s biofouling facility located in Port Canaveral, FL 

(28°24'31.01"N, 80°37'39.54"W). The average salinity at this location is 34 ± 2 

ppt, and the average water temperature is 27 ± 2 °C. Biofouling is high year-round, 

with seasonality observed with different fouling organisms. For example, in the 

warmer months (June, July, August) encrusting bryozoans, calcareous tubeworms, 

and barnacles dominate while in the cooler months (December, January, February) 

arborescent bryozoans and biofilms dominate. All panels were immersed 0.5 m 

below the surface water at Port Canaveral for a two-month period (ASTM D3623).  
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Fouling coverage was visually assessed monthly. Only organisms that were directly 

attached to the surface were recorded (ASTM D6990). After one month of 

immersion, all panels were cleaned back and wiped down with vinegar, which is a 

mild acid that helps neutralize the surface and remove settlement cues. After 

cleaning, the timer was then switched to one minute every six hours, and the panels 

re-immersed for another round of testing.  

 

Statistical analyses 

A permutational multivariate analysis of variance (PERMANOVA) was performed 

on data collected for each month, to compare fouling communities based on UVC 

treatment. A PERMANOVA analysis was ran on both UVC exposed and non-

exposed panels to compare color (red and white), surface type (polycarbonate and 

stainless steel), and the indirect effect of UVC. A non-metric multidimensional 

scaling (MDS) plot was followed when PERMANOVA results proved to be 

significant, to display differences in fouling communities based on surface type. A 

SIMPER analysis was used to indicate differences among fouling communities for 

the MDS plots. To compare barnacle settlement among each month a simple 

analysis of variance (ANOVA) was made. All analyses were done using R 

statistical software (2019).  

 

Results 

Two UVC time frequencies were tested on different surface types for a two month 

period. The results of these test are described below. Representative photos of the 
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results for both months of immersion are presented in Appendix B along with 

graphs indicating only macrofouling growth.  

 

UVC and color 

The synergistic effect of color and UVC exposure on fouling was assessed using 

panels immersed in Box 1 (red and white polycarbonate) compared to control 

panels. After one-month exposure of UVC at a frequency of one minute a day, all 

panels were 100% fouled (Figure 4.2 a). There was no statistical difference of 

overall coverage of the fouling communities, including barnacle settlement between 

the red and white polycarbonate panels (p>0.05). However, there was a statistical 

difference in tubeworm settlement between the two colors (p<0.05), with both red 

treated and untreated panels have a greater abundance than the white panels. In 

addition, red surfaces consisted of a greater amount of macrofouling such as 

encrusting bryozoans, tunicates, and tubeworms, compared to white surfaces which 

were primarily fouled with microfouling (Figure 4.2 a). Controls displayed similar 

results as the UV exposed panels. Overall fouling communities and barnacle 

settlement were not significant (p>0.05) but did exhibit visual dissimilarities of 

fouling composition discussed above. After one month of exposure, barnacle 

settlement was minimal on all the panels, including the controls, and thus no 

significance could be determined (Figure 4.5).  

After the second round of immersion (one minute every six hours), all 

polycarbonate panels had less than 5% fouling, which consisted of only biofilm. 

With minimal biofouling there was no statistical difference between red and white 

colored surfaces (p>0.05)( Figure 4.2 b). After this month (month 2) there was also 

no barnacle settlement on either of the UVC exposed colored surfaces. As for the 
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controls, panels were 100% fouled. With regards to the overall fouling community, 

there was not significance between colors (p>0.05). Red controls were primarily 

fouled with tunicates while white controls had primarily biofilm (Figure 4.2 b). 

Barnacle settlement was also low on the controls. White surfaces had the presence 

of 1-2 barnacles, which was not significantly different than the red surfaces 

(p>0.05)(Figure 4.5).  

 

Figure 4.2 — Biofouling community composition on the UVC exposed red and white 
polycarbonate with their corresponding controls following (a) one minute a day exposure and (b) 
one minute every six hours exposure. Both exposures periods were conducted over a one-month 
immersion. 

UVC and surface type 

To address if surface type and UVC can be used in synergy to prevent biofouling, 

Box 1 (all polycarbonate) and Box 2 (all stainless steel) were utilized. After one 
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minute a day exposure, all the stainless-steel and polycarbonate panels were 100% 

fouled along with all the polycarbonate panels (Figure 4.3 a). MDS followed by a 

SIMPER analysis indicated that among surface types there was statistical 

distinction of overall fouling communities specifically with biofilm, tubeworms, 

and tunicates (p<0.05)(Figure 4.4, Table B.1). The community present on the 

polycarbonate panels consisted of mainly soft fouling (biofilm) with some hard 

fouling (tubeworms), while stainless-steel panels had a greater amount of  hard 

fouling which included tubeworms and encrusting bryozoans, and minimal soft 

fouling (Figure 4.3 a). Controls, or non UVC panels, had  parallel results to the 

UVC exposed panels, but with significant fouling community differences (p<0.05) 

(Figure 4.3 a). Polycarbonate control panels were predominantly fouled with 

tubeworms and biofilm, while stainless-steel control panels had a greater settlement 

of tunicates (Figure 4.3 a). Barnacle settlement was low during the time of testing 

with approximately 0-2 barnacles per panel resulting in no variance among UVC 

exposed panels and the controls (p>0.05)(Figure 4.5).  
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Figure 4.3 — Biofouling community composition on the on the UVC exposed polycarbonate (red 
and white) and stainless-steel with their corresponding controls following (a) one minute a day 
exposure and (b) one minute every six hours exposure. 

 

Figure 4.4 — MDS of average biofouling communities on both UVC exposed polycarbonate (PC) 
and stainless steel (SS) and non-exposed polycarbonate (PC-C) and stainless-steel surfaces (SS-C) 
following the one minute a day exposure time (refer to Appendix B, Table B.1, for SIMPER results 
comparing all surfaces). 
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The second round of testing exposed the stainless steel and polycarbonate to UVC 

light at one minute every six hours. After a month of UVC exposure, both the 

polycarbonate and stainless-steel panels had less than 5% fouling, comprised of 

only biofilm (Figure 4.3 b). There was no significant difference in overall fouling 

or barnacle settlement among UVC exposed panels and among the controls 

(p>0.05)(Figure 4.5 b). Red polycarbonate controls were primarily fouled with 

biofilms and tunicates, while white controls fouling consisted of mainly biofilms 

(Figure 4.3 b). Stainless-steel controls were fouled with mainly biofilm and algae, 

within minimal tunicates (Figure 4.3 b). 

 

Figure 4.5 — Average barnacle settlement of UVC exposed panels by exposure times.   
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Indirect effect of UVC  

To test if there was an indirect effect with surface type, Box 3 was constructed to 

have both red polycarbonate and stainless-steel placed directly across from one 

another. After one month, fouling was similar among surfaces in Box 3 consisted of 

tunicates, tubeworms, and encrusting bryozoans (p>0.05)(Figure 4.6 a). Visually 

there appears to be difference in fouling composition of red polycarbonate (Box 1) 

and stainless steel (Box 2) when compared to surfaces in Box 3, but a 

PERMANOVA indicated no significance (p>0.05). When comparing controls, 

there was also no statistical difference in fouling abundance between the 

polycarbonate and stainless-steel panels (p>0.05). Polycarbonate controls were 

mainly fouled with tubeworms, while the stainless-steel had a greater settlement of 

tunicates, but no statistical difference was observed (p>0.05)(Figure 4.6 a). 

Barnacle settlement was low at the time of sampling (0-1 barnacles), resulting in no 

variance between UVC exposed polycarbonate and stainless-steel panels (p>0.05), 

and a similar result for their controls (p>0.05).   

Following, a month of one minute every six hours, there was only a 3% fouling 

cover on both polycarbonate and stainless-steel panels, with these surfaces typified 

by biofilm (p>0.05)(Figure 4.6 b). Control panels were about 100% covered with 

fouling but the composition varied. Red polycarbonate consisted of biofilms, 

tunicates, and hydroids while stainless-steel was mainly algae. Barnacle settlement 

did not occur on the UVC exposed panels and there was minimal settlement on the 

controls, displaying no statistical significance among the UVC exposed and 

controls (p>0.05).  
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Figure 4.6 — Visual assessment of average biofouling on the UVC exposed red polycarbonate and 
stainless- steel with their corresponding controls following (a) one minute a day exposure and (b) 
one minute every six hours exposure. 

Discussion 

UVC was applied to surfaces of different colors and material to study their effects 

on biofouling prevention, specifically barnacle settlement. When testing the 

synergy of color surfaces with UVC exposure, no significance was present with 

barnacles. However, tubeworm settlement was found to be significant. After a 

month of one minute a day exposure, red polycarbonate panels were fouled with 
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more tubeworms than the white surfaces. Color has previously shown to influence 

the settlement of fouling organisms such a barnacles and coral species (Taki et al. 

1980; Matsumura & Qian 2014; Mason et al 2011; Robson et al 2009). The red 

UVC exposed surfaces had more hard fouling including tubeworms and encrusting 

bryozoans, demonstrating that red surfaces may be favorable over white surfaces. 

These fouling rates correlate to several studies including Satheesh & Wesley 

(2010), which observed higher fouling rates on red surface compared to white. This 

difference between the red and white surfaces can lead to the idea that color and 

UVC may have worked in synergy to either prevent or influence the settlement of 

biofouling, supporting the hypothesis that color can work in synergy to influence or 

hinder fouling formation.  

Barnacle settlement was low during the time of testing and did not statically differ 

between UVC exposed stainless steel and polycarbonate surfaces, or the controls. 

Although there was no statistical significance, barnacle settlement was slightly 

greater on the un-exposed (control) polycarbonate panels compared to stainless 

steel panels, indicating that substrate type could have influenced these results. 

Aldred et al (2010) states that polycarbonate has a high elastic modulus and a low 

advancing water contact angle making polycarbonate a favorable surface for 

barnacle attachment. The wettability contributes to surface energy and plays a role 

in the adhesion or attachment of an organism to a surface. Petrone et al (2011) 

observed that materials with higher surface energy had decreased settlement. 

Stainless-steel can potentially be unsuitable for settlement due to its high-water 

contact angle, high surface energy, and its corrosive capability. In addition, 

barnacles can create localized corrosion when settled on stainless-steel. Anaerobic 

conditions, due to sulfate reducing bacteria, cause local corrosion beneath the 

barnacle (Sangeetha et al 2010). During this study, localized corrosion was 

observed on the stainless-steel control panels. It is possible that barnacle cyprids 
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have the neurological capability to select a surface to settle on and maybe capable 

in detecting these disadvantages in the stainless-steel (Harrison & Sandeman 1999).  

Stainless steel is naturally reflective, with a reflectance of 30% in the 200nm-

280nm range when polished (Zwinkels et al 1994). In contrast polycarbonate has a 

reflectance of 0% in the 200-280nm range (Flores & Pai-Paranjape 2015). 

Barnacles typically settle in intertidal zones where it is warm and regularly exposed 

to sunlight. While these areas are quite known for barnacle settlement, high heat 

exposure can cause death (Foster 1969). Although it was not significant, barnacle 

settlement was low on the UVC exposed polycarbonate. The polycarbonate may 

have absorbed more light, than reflected, making a hot unsuitable surface to settle 

on, compared to the stainless steel that would have reflected more light. If this 

statement could be investigated further, it may explain the higher settlement of 

barnacles on the UVC exposed stainless steel compared to the UVC exposed 

polycarbonate surface. Furthermore, after comparing the polycarbonate and 

stainless-steel boxes (Box 1 and 2) to the indirect panels (Box 3) there did appear to 

be a distinction in fouling communities. The polycarbonate within Box 1 had 

greater macrofouling than those within Box 3 and similar results were observed 

with the stainless-steel panels. If the stainless steel is capable of reflecting UVC 

light, then this could also assist in the low barnacle settlement on the 

polycarbonate, thus having an indirect effect (Box 3).  

 

After the second month when UVC application was increased to one minute every 

six hours, fouling settlement was prevented. A very light biofilm had formed on 

both polycarbonate and stainless-steel panels. This corresponded with Hunsucker et 

al (2019), who found that an increase exposure time of UVC light to antifouling 

and fouling release coatings was effective at preventing both biofilms and 
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macrofouling. The capability of a surface to reflect light may become important for 

the settlement of fouling organisms. UVC exposure impairs the DNA of bacteria, 

and it has the potential to damage the cyprids neurological capability to settle or 

cyprids within the vicinity of the surface (Von Sonntag et al 2003). Dobrestov et al 

(2010) investigated the effects of solar radiation on tropical biofouling and stated 

that solar radiation can affect the larvae of macrofoulers thus inhibiting their 

development. This corresponds to the lower observed abundance of barnacles on 

UVC treated panels versus the unexposed control panels. Another possibility is that 

the exposure of UVC light damaged the eye of the cyprid making it unable to detect 

the surface. While UVB is less harmful than UVC, it has been shown to damage the 

photoreceptors of barnacles inhibiting their capability to detect a surface suitable 

for settling (Chiang et al 2003). In freshwater, the amount of UVC light that can 

reach the surface is 106.39 𝑊/𝑚𝑚# (Braga, personal observation). Although water 

at Port Canaveral is more turbid, which may have an impact on amount of UVC 

reaching the surface (United States Navy 1974). Furthermore, the amount of light 

reaching the surface still has the potential to cause damage to planktonic and settled 

larvae. Although due to the low barnacle settlement (1-2 barnacles per panel) even 

on the controls (unexposed UVC panels), it is difficult to make any definitive 

assumptions with regards to barnacle interactions with UVC and surface type.  

Conclusion 

UVC light was exposed to colored polycarbonate panels and stainless-steel 

surfaces, in two separate time frequencies. The results presented, show that the 

duration of UVC exposure is key to the effectiveness of preventing fouling, 

specifically barnacle settlement. Thus, all three hypotheses were rejected, although 

results did demonstrate that possible effects may be present on other types of 

biofouling organisms. In addition, substrate appeared to be an influencing factor for 
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barnacle settlement. Future studies may consider using additional materials 

commonly used on ships, to further determine the synergy with UVC. Studies 

should also consider how surface type is affected by UVC (i.e. reflectance, 

absorbance, deterioration) when exposed.  

  



 

 58 

References 

Aldred, N., Scardino, A., Cavaco, A., de Nys, R., & Clare, A. S. (2010). 
Attachment strength is a key factor in the selection of surfaces by barnacle 
cyprids (Balanus amphitrite) during settlement. Biofouling, 26(3), 287-299.  

ASTM, D. (2005). 6990-05. Standard practice for evaluating biofouling resistance 
and physical performance of marine coating systems. ASTM, paint-Tests 
for formulated products and applied coatings 06.01. 

Bak, J., Ladefoged, S. D., Tvede, M., Begovic, T., & Gregersen, A. (2009). Dose 
requirements for UVC disinfection of catheter biofilms. Biofouling, 25(4), 
289-296. 

Braga, C.R., (2018). Lighting a Path to Biofouling Prevention: Investigating the 
Effect of Ultraviolet Light on Biofouling (Unpublished master’s thesis). 
Florida Institute of Technology, Melbourne, Florida. 

Chiang, W. L., Au, D. W., Yu, P. K., & Wu, R. S. (2003). UV-B damages eyes of 
barnacle larvae and impairs their photoresponses and settlement success. 
Environmental science & technology, 37(6), 1089-1092. 

Coutts, A. D., Piola, R. F., Hewitt, C. L., Connell, S. D., & Gardner, J. P. (2010). 
Effect of vessel voyage speed on survival of biofouling organisms: 
implications for translocation of non-indigenous marine species. Biofouling, 
26(1), 1-13. 

Davidson, I. C., McCann, L. D., Sytsma, M. D., & Ruiz, G. M. (2008). Interrupting 
a multi-species bioinvasion vector: the efficacy of in-water cleaning for 
removing biofouling on obsolete vessels. Marine Pollution Bulletin, 56(9), 
1538-1544. 

Dobretsov, S. V., Gosselin, L., & Qian, P. Y. (2010). Effects of solar PAR and UV 
radiation on tropical biofouling communities. Marine Ecology Progress 
Series, 402, 31-43. 

Flores, A. M., & Pai-Paranjape, V. (2015). U.S. Patent No. 9,090,759. Washington, 
DC: U.S. Patent and Trademark Office. 

Foster, B. A. (1969). Tolerance of high temperatures by some intertidal barnacles. 
Marine Biology, 4(4), 326-332. 



 

 59 

Harrison, P. J., & Sandeman, D. C. (1999). Morphology of the nervous system of 
the barnacle cypris larva (Balanus amphitrite Darwin) revealed by light and 
electron microscopy. The Biological Bulletin, 197(2), 144-158. 

Hunsucker, K. Z., Ralston, E., Gardner, H., & Swain, G. (2019). Specialized 
Grooming as a Mechanical Method to Prevent Marine Invasive Species 
Recruitment and Transport on Ship Hulls. In Impacts of Invasive Species on 
Coastal Environments (pp. 247-265). Springer, Cham. 

Mason, B., Beard, M., & Miller, M. W. (2011). Coral larvae settle at a higher 
frequency on red surfaces. Coral Reefs, 30(3), 667-676. 

Matsumura, K., & Qian, P. Y. (2014). Larval vision contributes to gregarious 
settlement in barnacles: adult red fluorescence as a possible visual signal. 
Journal of Experimental Biology, 217(5), 743-750. 

Petrone, L., Di Fino, A., Aldred, N., Sukkaew, P., Ederth, T., Clare, A. S., & 
Liedberg, B. (2011). Effects of surface charge and Gibbs surface energy on 
the settlement behaviour of barnacle cyprids (Balanus amphitrite). 
Biofouling, 27(9), 1043-1055. 

Robson, M. A., Williams, D., Wolff, K., & Thomason, J. C. (2009). The effect of 
surface colour on the adhesion strength of Elminius modestus Darwin on a 
commercial non-biocidal antifouling coating at two locations in the UK. 
Biofouling, 25(3), 215-227. 

Salters, B., & Piola, R. (2017). UVC light for antifouling. Marine Technology 
Society Journal, 51(2), 59-70. 

Sangeetha, R., Kumar, R., Doble, M., & Venkatesan, R. (2010). Barnacle cement: 
An etchant for stainless steel 316L?. Colloids and Surfaces B: 
Biointerfaces, 79(2), 524-530. 

Swain, G. (1999). Redefining antifouling coatings. Journal of Protective Coatings 
and Linings, 16, 26-35. 

Swain, G., Herpe, S., Ralston, E., & Tribou, M. (2006). Short-term testing of 
antifouling surfaces: the importance of colour. Biofouling, 22(6), 425-429. 

Taki, Y., Ogasawara, Y., Ido, Y., & Yokoyama, N. (1980). Color factors 
influencing larval settlement of barnacles, Balanus amphitrite subspp. 
Journal of the Japan Fisheries Society, 46(2), 133-138. 



 

 60 

Zwinkels, J. C., Noël, M., & Dodd, C. X. (1994). Procedures and standards for 
accurate spectrophotometric measurements of specular reflectance. Applied 
optics, 33(34), 7933-7944. 

Von Sonntag, C., Kolch, A., Gebel, J., Oguma, K., & Sommer, R. (2003, 
September). The photochemical basis of UV disinfection. In Proceedings of 
the European Conference UV Karlsruhe, UV Radiation. Effects and 
Technologies. 

United States. Navy. (1974). Port Canaveral, Trident wharf and turning basin:  
environmental impact statement. 

 



 

 61 

Chapter 5 
Conclusions 

Biofouling is a persistent problem in the shipping industry. Barnacles are one of the 

most dominate fouling organisms worldwide and their settlement can lead to 

damages in the ship coating, propellers, and lead to localized corrosion. The 

research presented in this thesis investigated methods to prevent barnacle 

settlement, particularly the effects of disruptive coloration (Chapter 3), as well as 

the application of UVC used in synergy with color and surface type (Chapter 4). 

 

Disruptive coloration plays a significant role for various organisms including both 

terrestrial organisms (i.e. zebras) and marine organisms (i.e. cuttlefish) to avoid 

detection. Disruptive coloration was mimicked in this thesis, to prevent barnacle 

settlement. Color patterns chosen were striped and dotted with two color 

combinations of white/red and yellow/red. Furthermore, each pattern and color 

combination had 3 different pattern sizes (1 mm, 0.5 mm, and 0.25 mm). Over the 

four months of testing, differences in barnacle settlement were found among 

patterns and sizes, but this was not consistent. Thus, it could not support the 

hypothesis that disruptive coloration has an impact on barnacle settlement. 

Although there was no congruent effect on barnacles, during month 1, tubeworm 

abundance was the main cause of dissimilarity on solid colors (red, white, and 

yellow) and white/red dots patterns. Meanwhile during month 2 tunicates were the 

organism that caused significant impact among solids and yellow/red patterns of 

both dots and strips.  

 

While not significant, dots of both color combinations appeared to have less 

macrofouling coverage than striped patterns. Additionally, dot pattern sizes of 0.25 
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mm had less barnacle settlement, which may also be due to its chaotic form. The 

cyprid stage of a barnacle is the most crucial point of the barnacle’s life cycle when 

it selects a permanent location to settle using its neurological abilities (Harrison & 

Sandeman 1999). If indeed the chaos of the dots prevented the barnacles to settle 

this can support that pattern sizes are the key to the use of disruptive coloration to 

prevent fouling. Color has previously been shown to affect settlement, and this 

could have been another contributor to the influence of barnacle settlement (Taki et 

al 1980; Matsumura & Qian 2014; Mason et al 2011; Robson et al 2009). 

However, more testing would need to be conducted in order to establish this model 

among different patterns, surfaces, and fouling types.  

 

During the experiments discussed herein, UVC application on both polycarbonate 

and stainless-steel was able to prevent biofouling, specifically barnacles. With 

regards to color and UVC application, a one minute a day of UVC exposure did not 

prevent fouling on either red or white polycarbonate. There was no significance 

amongst barnacle settlement, but color appeared to have an influence on fouling. 

The red panels had higher settlement of biofouling, which has also been reported in 

previous studies (Taki et al. 1980; Matsumura & Qian 2014; Mason et al 2011; 

Robson et al 2009). While color and UVC may not have impacted barnacles like 

originally hypothesized, it could influence other fouling organisms. Calcareous 

tubeworms had significant settlement on the red surfaces compared to the white 

surface, which were similar to the results of Satheesh & Wesley (2010) who looked 

at substrate color effects on settlement of tubeworms. This result was also present 

in the disruptive color study on red surfaces and could suggest the color had an 

influence with the color patterns.  
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Surface type appeared to be the main driver of barnacle settlement; stainless steel 

had a slightly higher settlement than polycarbonate. This preference may be due to 

the composition of the material, which could possibly be detected by barnacle 

cyprids. Although color did not appear to work in synergy with UVC on barnacles, 

tubeworm settlement was significant between colored surfaces. Leading to the 

conclusion that color may work in synergy with UVC light but would be more 

organism specific. UVC exposure time also played a key role in the prevention of 

barnacle settlement. It is possible that the heightened UVC exposure damaged the 

eye of the cyprid making it not able to detect its surface of choice (Chiang et al 

2003). UVC has only recently been applied to the marine environment. The few 

studies conducted have observed time frequencies at which would be effective and 

distances of the light source to the intended surface for antifouling purposes (Braga 

2018; Hunsucker et al 2019, Braga et al 2020). With these few studies, it is clear 

that UVC is effective in preventing biofouling and should be explored further. 

Based on to the results found in this thesis, it is suggested that future work should 

focus on surface type and exposure time of UVC rather than color to prevent 

barnacle settlement. 

 

Barnacles are well known for their pre-settlement behavior, allowing them to find a 

suitable surface on which to settle (Maleschlijski et al 2015). Barnacle cyprids may 

have the neurological capability to assist with this process (Harrison & Sandeman 

1999). The two studies presented in this thesis focused on this concept, that 

barnacles select their settlement location based on what they can observe. While 

both novel experiments were not statistically significant, visually it is clear that 

disruptive coloration and pattern size can influence biofouling settlement. This 

thesis focused on barnacles, but there are different types of biofouling organisms, 

that could have been affected by color. Hydroids settlement was observed to be 
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abundant on all white surfaces, leading to the impression that hydroids are attracted 

to white surfaces (based on results from Month 2 of disruptive color exposure). 

During the UV experiment tubeworm settlement was greater on red surfaces 

compared to white. Settlement of tubeworms have been reported to be greater on 

red colored surface than yellow, supporting this theory (Satheesh & Wesley 2010). 

It is possible that future testing may determine disruptive coloration is more 

effective on tubeworms or other fouling organisms compared to barnacles.  

 

While differences were observed with color, pattern, surface, and the synergistic 

effect of UVC, there were no significant trends with barnacle settlement. The color 

studies conducted here can be explored further possibly altering the focus of 

organisms and the methods used. Future color research should consider the addition 

of a second antifouling measure that would be effective in preventing their growth. 

Additional antifouling measures may include grooming, applying a clear 

antifouling coating, or power washing. Taking samples of the surface would allow 

for identification of organisms affected by color though first interactions. The order 

of biofouling formation may also play a role, and observing the first stage of 

biofouling (microfouling) may provide a guide as to what macrofouling organisms 

follow.  

 

Barnacle settlement can cause severe damage to ship hulls like ship propellers, 

intake systems, and cooling systems resulting in costly repairs (Visscher 1928; 

Polman et al 2013; Song et al 2019). Additional problems include increased 

roughness leading to an increase in drag and decreasing fuel efficiency (Kempf 

1937; Schultz 2004). Since they are such an abundant organism worldwide, it is 

pertinent that a solution be found in order to reduce such impacts on the shipping 

industry and the associated environmental damages that result.  
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Appendix A 

 
Figure A. 1 — Representative photos of biofouling during Week 4 of (a) Month 1 (b) Month 2 (c) 
Month 3 and (d) Month 4 on each colored panel (I) Solid Red, (II) Solid White, (III) Solid Yellow, 
(IIV) WD0.25 mm, (V) WD0.5 mm, (VI) WD1 mm, (VII) WS0.25 mm, (VIII) WS0.5 mm, (IX) 
WS1 mm, (X) YD0.25 mm, (XI) YD0.5 mm, (XII) YD1 mm, (XIII) YS0.25 mm, (XIV) YS0.5 mm, 
(XV) YS1 mm. 
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Figure A. 1 (Continued) — Representative photos of biofouling during Week 4 of (a) Month 1 (b) 
Month 2 (c) Month 3 and (d) Month 4 on each colored panel (I) Solid Red, (II) Solid White, (III) 
Solid Yellow, (IIV) WD0.25 mm, (V) WD0.5 mm, (VI) WD1 mm, (VII) WS0.25 mm, (VIII) 
WS0.5 mm, (IX) WS1 mm, (X) YD0.25 mm, (XI) YD0.5 mm, (XII) YD1 mm, (XIII) YS0.25 mm, 
(XIV) YS0.5 mm, (XV) YS1 mm. 
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Figure A. 1 (Continued) — Representative photos of biofouling during Week 4 of (a) Month 1 (b) 
Month 2 (c) Month 3 and (d) Month 4 on each colored panel (I) Solid Red, (II) Solid White, (III) 
Solid Yellow, (IIV) WD0.25 mm, (V) WD0.5 mm, (VI) WD1 mm, (VII) WS0.25 mm, (VIII) 
WS0.5 mm, (IX) WS1 mm, (X) YD0.25 mm, (XI) YD0.5 mm, (XII) YD1 mm, (XIII) YS0.25 mm, 
(XIV) YS0.5 mm, (XV) YS1 mm. 

 

 
Figure A. 2 — MDS plot of the biofouling community among red solids, white solids, and yellow 
patterns during week 4 of month 1. 
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Figure A. 3 — MDS plot of the biofouling community (a, b, c) yellow dots, yellow stripes, and 
white stipe patterns during week 4 of month 1. (d, e) white dots and white stripes during week 4 of 
month 2. (f, g, h, i) solids, yellow patterns, and white patterns during week 4 of month 3, and (j, k, l, 
m) solids, yellow patterns, and white patterns during week 4 of month 4.  
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Figure A. 3 (Continued) — MDS plot of the biofouling community (a, b, c) yellow dots, yellow 
stripes, and white stipe patterns during week 4 of month 1. (d, e) white dots and white stripes during 
week 4 of month 2. (f, g, h, i) solids, yellow patterns, and white patterns during week 4 of month 3, 
and (j, k, l, m) solids, yellow patterns, and white patterns during week 4 of month 4.  
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Figure A. 3 (Continued) — MDS plot of the biofouling community (a, b, c) yellow dots, yellow 
stripes, and white stipe patterns during week 4 of month 1. (d, e) white dots and white stripes during 
week 4 of month 2. (f, g, h, i) solids, yellow patterns, and white patterns during week 4 of month 3, 
and (j, k, l, m) solids, yellow patterns, and white patterns during week 4 of month 4.  
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Figure A. 4 — Average barnacle counts with standard deviation on solids, yellow patterns, and 
white patterns during (a) month 1 and (b) month 3. Differences and similarities in mean barnacle 
settlement are indicated by letters.  
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Figure A.5 — Average percent cover of macrofouling organisms at the end of each Month (a) 
Month 1 (b) Month 2 (c) Month 3 (d) Month 4. 
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Table A.1 — Simper results comparing solids, yellow, and white patterns of week 4 month 1.  

 

Pattern Biofilm Tubeworm Tunicate
R_W 0.48 0.93 *
R_WD0.25 0.45 0.9 *
R_WD0.5 0.93 0.47 *
R_WD1 0.75 0.41 *
R_WS0.25 0.72 0.39 *
R_WD0.25 0.91 0.46 *
R_WS1 0.98 0.37 0.67
R_Y 0.47 0.92 *
R_YD0.25 0.81 0.42 *
R_YD0.5 0.89 0.45 *
R_YD1 0.92 0.47 *
R_YS0.25 0.46 0.9 *
R_YS0.5 0.72 0.39 *
R_YS1 0.78 0.4 *
W_WD0.25 0.48 0.7 *
W_WD0.5 0.51 0.69 0.76
W_WD1 0.49 * 0.74
W_WS0.25 0.47 * 0.76
W_WS0.5 0.49 0.78 *
W_WS1 0.49 * 0.86
W_Y 0.46 0.73 *
W_YD0.25 0.44 * 0.79
W_YD0.5 0.47 0.71 *
W_YD1 0.49 0.86 *
W_YS0.25 0.47 0.84 *
W_YS0.5 0.48 * 0.71
W_YS1 0.48 0.8 *
WD0.25_WD0.5 0.43 0.84 0.67
WD0.25_WD1 0.47 * 0.73
WD0.25_WS0.25 0.46 * 0.76
WD0.25_WS0.5 0.43 0.7 0.9
WD0.25_WS1 0.47 * 0.89
WD0.25_Y 0.43 0.8 0.66
WD0.25_YD0.25 0.45 * 0.82
WD0.25_YD0.5 0.39 0.78 0.61
WD0.25_YD1 0.44 0.79 *
WD0.25_YS0.25 0.46 0.78 *
WD0.25_YS0.5 0.45 0.91 0.7
WD0.25_YS1 0.44 0.77 *
WD0.5_WD1 0.46 * 0.72
WD0.5_WS0.25 0.45 * 0.75
WD0.5_WS0.5 0.41 0.76 *
WD0.5_WS1 0.45 * 0.86
WD0.5_Y 0.39 0.69 *
WD0.5_YD0.25 0.44 * 0.81
WD0.5_YD0.5 0.37 0.68 0.81
WD0.5_YD1 0.46 0.86 *
WD0.5_YS0.25 0.46 0.84 *
WD0.5_YS0.5 0.45 0.93 0.69
WD0.5_YS1 0.45 0.81
WD1_WS0.25 0.4 * 0.71
WD1_WS0.5 0.45 * 0.71
WD1_WS1 0.77 * 0.39
WD1_Y 0.46 * 0.73
WD1_YD0.25 0.44 * 0.75
WD1_YD0.5 0.44 * 0.71
WD1_YD1 0.42 0.7
WD1_YS0.25 0.43 0.7 0.94
WD1_YS0.5 0.38 0.91 0.68
WD1_YS1 0.37 0.67 0.92
WS0.25_WS0.5 0.43 * 0.75
WS0.25_WS1 0.8 * 0.4
WS0.25_Y 0.46 * 0.76
WS0.25_YD0.25 0.44 * 0.77
WS0.25_YD0.5 0.43 * 0.75
WS0.25_YD1 0.4 0.95 0.68
WS0.25_YS0.25 0.43 * 0.7
WS0.25_YS0.5 0.38 * 0.71
WS0.25_YS1 0.37 0.93 0.66
WS0.5_WS1 0.86 * 0.43
WS0.5_Y 0.4 0.7 0.87
WS0.5_YD0.25 0.44 * 0.77
WS0.5_YD0.5 0.34 0.6 0.8
WS0.5_YD1 0.42 0.83 *
WS0.5_YS0.25 0.46 0.81 *
WS0.5_YS0.5 0.43 * 0.73
WS0.5_YS1 0.43 0.75 *
WS1_Y 0.46 * 0.88
WS1_YD0.25 0.46 * 0.88
WS1_YD0.5 0.85 * 0.43
WS1_YD1 0.39 * 0.77
WS1_YS0.25 0.4 * 0.77
WS1_YS0.5 0.77 * 0.4
WS1_YS1 0.69 0.94 0.35
Y_YD0.5 0.44 * 0.81
Y_YD0.5 0.39 0.62 0.77
Y_YD1 0.44 0.84 *
Y_YS0.25 0.46 0.83 *
Y_YS0.5 0.46 * 0.72
Y_YS1 0.46 0.78 *
YD0.25_YD0.5 0.44 * 0.78
YD0.25_YD1 0.41 0.69 0.94
YD0.25_YS0.25 0.42 0.95 0.69
YD0.25_YS0.5 0.45 * 0.74
YD0.25_YS1 0.42 0.72 *
YD0.5_YD1 0.41 0.79 *
YD0.5_YS0.25 0.45 0.78 *
YD0.5_YS0.5 0.43 * 0.72
YD0.5_YS1 0.43 0.75 *
YD1_YS0.25 0.46 0.86 *
YD1_YS0.5 0.41 0.69 0.93
YD1_YS1 0.43 0.79 *
YS0.25_YS0.5 0.43 0.69 0.92
YS0.25_YS1 0.45 0.78 *
YS0.5_YS1 0.35 0.91 0.66
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Table A.1 (Continued) — Simper results comparing solids, yellow, and white patterns of week 4 
month 1. 

 
 

 

Pattern Biofilm Tubeworm Tunicate
R_W 0.48 0.93 *
R_WD0.25 0.45 0.9 *
R_WD0.5 0.93 0.47 *
R_WD1 0.75 0.41 *
R_WS0.25 0.72 0.39 *
R_WD0.25 0.91 0.46 *
R_WS1 0.98 0.37 0.67
R_Y 0.47 0.92 *
R_YD0.25 0.81 0.42 *
R_YD0.5 0.89 0.45 *
R_YD1 0.92 0.47 *
R_YS0.25 0.46 0.9 *
R_YS0.5 0.72 0.39 *
R_YS1 0.78 0.4 *
W_WD0.25 0.48 0.7 *
W_WD0.5 0.51 0.69 0.76
W_WD1 0.49 * 0.74
W_WS0.25 0.47 * 0.76
W_WS0.5 0.49 0.78 *
W_WS1 0.49 * 0.86
W_Y 0.46 0.73 *
W_YD0.25 0.44 * 0.79
W_YD0.5 0.47 0.71 *
W_YD1 0.49 0.86 *
W_YS0.25 0.47 0.84 *
W_YS0.5 0.48 * 0.71
W_YS1 0.48 0.8 *
WD0.25_WD0.5 0.43 0.84 0.67
WD0.25_WD1 0.47 * 0.73
WD0.25_WS0.25 0.46 * 0.76
WD0.25_WS0.5 0.43 0.7 0.9
WD0.25_WS1 0.47 * 0.89
WD0.25_Y 0.43 0.8 0.66
WD0.25_YD0.25 0.45 * 0.82
WD0.25_YD0.5 0.39 0.78 0.61
WD0.25_YD1 0.44 0.79 *
WD0.25_YS0.25 0.46 0.78 *
WD0.25_YS0.5 0.45 0.91 0.7
WD0.25_YS1 0.44 0.77 *
WD0.5_WD1 0.46 * 0.72
WD0.5_WS0.25 0.45 * 0.75
WD0.5_WS0.5 0.41 0.76 *
WD0.5_WS1 0.45 * 0.86
WD0.5_Y 0.39 0.69 *
WD0.5_YD0.25 0.44 * 0.81
WD0.5_YD0.5 0.37 0.68 0.81
WD0.5_YD1 0.46 0.86 *
WD0.5_YS0.25 0.46 0.84 *
WD0.5_YS0.5 0.45 0.93 0.69
WD0.5_YS1 0.45 0.81
WD1_WS0.25 0.4 * 0.71
WD1_WS0.5 0.45 * 0.71
WD1_WS1 0.77 * 0.39
WD1_Y 0.46 * 0.73
WD1_YD0.25 0.44 * 0.75
WD1_YD0.5 0.44 * 0.71
WD1_YD1 0.42 0.7
WD1_YS0.25 0.43 0.7 0.94
WD1_YS0.5 0.38 0.91 0.68
WD1_YS1 0.37 0.67 0.92
WS0.25_WS0.5 0.43 * 0.75
WS0.25_WS1 0.8 * 0.4
WS0.25_Y 0.46 * 0.76
WS0.25_YD0.25 0.44 * 0.77
WS0.25_YD0.5 0.43 * 0.75
WS0.25_YD1 0.4 0.95 0.68
WS0.25_YS0.25 0.43 * 0.7
WS0.25_YS0.5 0.38 * 0.71
WS0.25_YS1 0.37 0.93 0.66
WS0.5_WS1 0.86 * 0.43
WS0.5_Y 0.4 0.7 0.87
WS0.5_YD0.25 0.44 * 0.77
WS0.5_YD0.5 0.34 0.6 0.8
WS0.5_YD1 0.42 0.83 *
WS0.5_YS0.25 0.46 0.81 *
WS0.5_YS0.5 0.43 * 0.73
WS0.5_YS1 0.43 0.75 *
WS1_Y 0.46 * 0.88
WS1_YD0.25 0.46 * 0.88
WS1_YD0.5 0.85 * 0.43
WS1_YD1 0.39 * 0.77
WS1_YS0.25 0.4 * 0.77
WS1_YS0.5 0.77 * 0.4
WS1_YS1 0.69 0.94 0.35
Y_YD0.5 0.44 * 0.81
Y_YD0.5 0.39 0.62 0.77
Y_YD1 0.44 0.84 *
Y_YS0.25 0.46 0.83 *
Y_YS0.5 0.46 * 0.72
Y_YS1 0.46 0.78 *
YD0.25_YD0.5 0.44 * 0.78
YD0.25_YD1 0.41 0.69 0.94
YD0.25_YS0.25 0.42 0.95 0.69
YD0.25_YS0.5 0.45 * 0.74
YD0.25_YS1 0.42 0.72 *
YD0.5_YD1 0.41 0.79 *
YD0.5_YS0.25 0.45 0.78 *
YD0.5_YS0.5 0.43 * 0.72
YD0.5_YS1 0.43 0.75 *
YD1_YS0.25 0.46 0.86 *
YD1_YS0.5 0.41 0.69 0.93
YD1_YS1 0.43 0.79 *
YS0.25_YS0.5 0.43 0.69 0.92
YS0.25_YS1 0.45 0.78 *
YS0.5_YS1 0.35 0.91 0.66
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Table A.2 — Simper results comparing solids, yellow, and white patterns of week 4 month 2. 

 
  

Pattern Biofilm Hydriod 
Arboresent 
Bryozoan Barnalce Tubeworm Tunicate

R_W 0.37 0.63 * * 0.76 *
R_WD0.25 0.42 * * 0.64 0.85 *
R_WD0.5 0.41 * * * 0.81 0.67
R_WD1 0.46 * * * * 0.73
R_WS0.25 0.75 * * * 0.45 *
R_WD0.25 0.76 * * * 0.47 *
R_WS1 0.36 * * 0.92 0.69 *
R_Y 0.37 * * 0.94 0.37 *
R_YD0.25 0.7 * * 0.4 0.9 *
R_YD0.5 0.41 * * * 0.75 *
R_YD1 0.41 * * * 0.69 0.89
R_YS0.25 0.83 * * * 0.45 *
R_YS0.5 0.8 * * * 0.43 *
R_YS1 0.83 * * * 0.47 *
W_WD0.25 0.48 0.25 * 0.69 0.85 *
W_WD0.5 * 0.28 * 0.73 * 0.56
W_WD1 * 0.74 * 0.5 * 0.26
W_WS0.25 * 0.64 * 0.78 0.46 *
W_WS0.5 * 0.65 * 0.78 0.43 *
W_WS1 0.33 0.78 * * 0.6 *
W_Y 0.3 0.76 * * 0.53 *
W_YD0.25 0.44 0.66 * 0.8 * *
W_YD0.5 * 0.55 * * 0.31 0.73
W_YD1 * 0.27 * * 0.52 0.73
W_YS0.25 0.79 0.61 * * 0.38 *
W_YS0.5 0.63 0.79 * * 0.43 *
W_YS1 0.66 0.82 * * 0.48 *
WD0.25_WD0.5 0.54 * * 0.74 * 0.29
WD0.25_WD1 0.29 * * 0.8 * 0.58
WD0.25_WS0.25 0.9 * * 0.69 0.46 *
WD0.25_WS0.5 0.9 * * 0.69 0.45 *
WD0.25_WS1 0.36 * * 0.89 0.66 *
WD0.25_Y 0.32 * * 0.87 0.61 *
WD0.25_YD0.25 0.42 * * 0.71 * *
WD0.25_YD0.5 0.61 * * 0.78 0.32 *
WD0.25_YD1 0.28 * * * 0.54 0.74
WD0.25_YS0.25 0.7 * * 0.9 0.41 *
WD0.25_YS0.5 0.71 * * * 0.43 *
WD0.25_YS1 0.76 * * * 0.49 *
WD0.5_WD1 0.79 * * 0.6 * 0.32
WD0.5_WS0.25 * * * 0.85 0.44 0.65
WD0.5_WS0.5 * * * 0.83 0.42 0.64
WD0.5_WS1 0.31 * * * 0.57 0.76
WD0.5_Y 0.3 * * * 0.53 0.76
WD0.5_YD0.25 0.46 * * 0.86 * 0.66
WD0.5_YD0.5 0.78 * * * 0.39 0.59
WD0.5_YD1 0.75 * * * 0.32 0.56
WD0.5_YS0.25 0.81 * * * 0.41 0.63
WD0.5_YS0.5 0.65 * * * 0.48 0.8
WD0.5_YS1 0.65 * * * 0.48 0.81
WD1_WS0.25 * * * 0.66 0.39 0.87
WD1_WS0.5 * * * 0.64 0.37 0.86
WD1_WS1 0.29 * * 0.55 0.76 *
WD1_Y 0.31 * * 0.57 * 0.78
WD1_YD0.25 0.45 * * 0.72 * *
WD1_YD0.5 * * * 0.67 0.41 0.89
WD1_YD1 * * * 0.6 0.31 0.84
WD1_YS0.25 * * * 0.62 0.39 0.83
WD1_YS0.5 * * * 0.7 0.46 0.88
WD1_YS1 * * * 0.71 0.47 *
WS0.25_WS0.5 0.37 * * * 0.73 *
WS0.25_WS1 0.45 * * * 0.88 *
WS0.25_Y 0.44 * * * 0.87 *
WS0.25_YD0.25 0.46 * * * 0.9 *
WS0.25_YD0.5 * * * 0.74 0.53 0.28
WS0.25_YD1 * * * 0.79 0.35 0.6
WS0.25_YS0.25 0.61 * * 0.79 0.32 *
WS0.25_YS0.5 0.37 * * * 0.64 0.81
WS0.25_YS1 0.8 * * * 0.4 *
WS0.5_WS1 0.46 * * * 0.89 *
WS0.5_Y 0.89 * * * 0.45 *
WS0.5_YD0.25 0.46 * * * 0.9 *
WS0.5_YD0.5 0.75 * * * 0.52 0.27
WS0.5_YD1 0.77 * * * 0.34 0.6
WS0.5_YS0.25 0.68 * * 0.83 0.34 *
WS0.5_YS0.5 0.42 * * * 0.73 *
WS0.5_YS1 0.43 * * * 0.85 *
WS1_Y 0.47 * * * 0.87 *
WS1_YD0.25 0.45 * * * 0.84 *
WS1_YD0.5 0.4 * * * 0.66 0.82
WS1_YD1 0.36 * * * 0.62 0.81
WS1_YS0.25 0.4 * * * 0.79 *
WS1_YS0.5 0.45 * * * 0.84 *
WS1_YS1 0.91 * * * 0.46 *
Y_YD0.5 0.86 * * * 0.44 *
Y_YD0.5 0.44 * * * 0.66 0.84
Y_YD1 0.39 * * * 0.62 0.84
Y_YS0.25 0.45 * * * 0.82 *
Y_YS0.5 0.48 * * * 0.87 *
Y_YS1 0.47 * * * 0.93 *
YD0.25_YD0.5 0.49 * * * 0.76 *
YD0.25_YD1 0.48 * * * 0.69 0.85
YD0.25_YS0.25 0.49 * * * 0.85 *
YD0.25_YS0.5 0.48 * * * 0.89 *
YD0.25_YS1 0.47 * * * 0.94 *
YD0.5_YD1 0.8 * * * 0.6 0.37
YD0.5_YS0.25 0.58 * * * 0.31 0.8
YD0.5_YS0.5 * * * 0.8 0.39 0.63
YD0.5_YS1 * * * 0.84 0.44 0.67
YD1_YS0.25 0.63 * * * 0.39 0.86
YD1_YS0.5 0.81 * * * 0.43 0.63
YD1_YS1 0.66 * * * 0.37 0.66
YS0.25_YS0.5 0.66 * * * 0.37 0.81
YS0.25_YS1 0.73 * * * 0.45 *
YS0.5_YS1 0.75 * * * 0.64 0.34
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Table A.2 (Continued) — Simper results comparing solids, yellow, and white patterns of week 4 
month 2. 

 
 

Pattern Biofilm Hydriod 
Arboresent 
Bryozoan Barnalce Tubeworm Tunicate

R_W 0.37 0.63 * * 0.76 *
R_WD0.25 0.42 * * 0.64 0.85 *
R_WD0.5 0.41 * * * 0.81 0.67
R_WD1 0.46 * * * * 0.73
R_WS0.25 0.75 * * * 0.45 *
R_WD0.25 0.76 * * * 0.47 *
R_WS1 0.36 * * 0.92 0.69 *
R_Y 0.37 * * 0.94 0.37 *
R_YD0.25 0.7 * * 0.4 0.9 *
R_YD0.5 0.41 * * * 0.75 *
R_YD1 0.41 * * * 0.69 0.89
R_YS0.25 0.83 * * * 0.45 *
R_YS0.5 0.8 * * * 0.43 *
R_YS1 0.83 * * * 0.47 *
W_WD0.25 0.48 0.25 * 0.69 0.85 *
W_WD0.5 * 0.28 * 0.73 * 0.56
W_WD1 * 0.74 * 0.5 * 0.26
W_WS0.25 * 0.64 * 0.78 0.46 *
W_WS0.5 * 0.65 * 0.78 0.43 *
W_WS1 0.33 0.78 * * 0.6 *
W_Y 0.3 0.76 * * 0.53 *
W_YD0.25 0.44 0.66 * 0.8 * *
W_YD0.5 * 0.55 * * 0.31 0.73
W_YD1 * 0.27 * * 0.52 0.73
W_YS0.25 0.79 0.61 * * 0.38 *
W_YS0.5 0.63 0.79 * * 0.43 *
W_YS1 0.66 0.82 * * 0.48 *
WD0.25_WD0.5 0.54 * * 0.74 * 0.29
WD0.25_WD1 0.29 * * 0.8 * 0.58
WD0.25_WS0.25 0.9 * * 0.69 0.46 *
WD0.25_WS0.5 0.9 * * 0.69 0.45 *
WD0.25_WS1 0.36 * * 0.89 0.66 *
WD0.25_Y 0.32 * * 0.87 0.61 *
WD0.25_YD0.25 0.42 * * 0.71 * *
WD0.25_YD0.5 0.61 * * 0.78 0.32 *
WD0.25_YD1 0.28 * * * 0.54 0.74
WD0.25_YS0.25 0.7 * * 0.9 0.41 *
WD0.25_YS0.5 0.71 * * * 0.43 *
WD0.25_YS1 0.76 * * * 0.49 *
WD0.5_WD1 0.79 * * 0.6 * 0.32
WD0.5_WS0.25 * * * 0.85 0.44 0.65
WD0.5_WS0.5 * * * 0.83 0.42 0.64
WD0.5_WS1 0.31 * * * 0.57 0.76
WD0.5_Y 0.3 * * * 0.53 0.76
WD0.5_YD0.25 0.46 * * 0.86 * 0.66
WD0.5_YD0.5 0.78 * * * 0.39 0.59
WD0.5_YD1 0.75 * * * 0.32 0.56
WD0.5_YS0.25 0.81 * * * 0.41 0.63
WD0.5_YS0.5 0.65 * * * 0.48 0.8
WD0.5_YS1 0.65 * * * 0.48 0.81
WD1_WS0.25 * * * 0.66 0.39 0.87
WD1_WS0.5 * * * 0.64 0.37 0.86
WD1_WS1 0.29 * * 0.55 0.76 *
WD1_Y 0.31 * * 0.57 * 0.78
WD1_YD0.25 0.45 * * 0.72 * *
WD1_YD0.5 * * * 0.67 0.41 0.89
WD1_YD1 * * * 0.6 0.31 0.84
WD1_YS0.25 * * * 0.62 0.39 0.83
WD1_YS0.5 * * * 0.7 0.46 0.88
WD1_YS1 * * * 0.71 0.47 *
WS0.25_WS0.5 0.37 * * * 0.73 *
WS0.25_WS1 0.45 * * * 0.88 *
WS0.25_Y 0.44 * * * 0.87 *
WS0.25_YD0.25 0.46 * * * 0.9 *
WS0.25_YD0.5 * * * 0.74 0.53 0.28
WS0.25_YD1 * * * 0.79 0.35 0.6
WS0.25_YS0.25 0.61 * * 0.79 0.32 *
WS0.25_YS0.5 0.37 * * * 0.64 0.81
WS0.25_YS1 0.8 * * * 0.4 *
WS0.5_WS1 0.46 * * * 0.89 *
WS0.5_Y 0.89 * * * 0.45 *
WS0.5_YD0.25 0.46 * * * 0.9 *
WS0.5_YD0.5 0.75 * * * 0.52 0.27
WS0.5_YD1 0.77 * * * 0.34 0.6
WS0.5_YS0.25 0.68 * * 0.83 0.34 *
WS0.5_YS0.5 0.42 * * * 0.73 *
WS0.5_YS1 0.43 * * * 0.85 *
WS1_Y 0.47 * * * 0.87 *
WS1_YD0.25 0.45 * * * 0.84 *
WS1_YD0.5 0.4 * * * 0.66 0.82
WS1_YD1 0.36 * * * 0.62 0.81
WS1_YS0.25 0.4 * * * 0.79 *
WS1_YS0.5 0.45 * * * 0.84 *
WS1_YS1 0.91 * * * 0.46 *
Y_YD0.5 0.86 * * * 0.44 *
Y_YD0.5 0.44 * * * 0.66 0.84
Y_YD1 0.39 * * * 0.62 0.84
Y_YS0.25 0.45 * * * 0.82 *
Y_YS0.5 0.48 * * * 0.87 *
Y_YS1 0.47 * * * 0.93 *
YD0.25_YD0.5 0.49 * * * 0.76 *
YD0.25_YD1 0.48 * * * 0.69 0.85
YD0.25_YS0.25 0.49 * * * 0.85 *
YD0.25_YS0.5 0.48 * * * 0.89 *
YD0.25_YS1 0.47 * * * 0.94 *
YD0.5_YD1 0.8 * * * 0.6 0.37
YD0.5_YS0.25 0.58 * * * 0.31 0.8
YD0.5_YS0.5 * * * 0.8 0.39 0.63
YD0.5_YS1 * * * 0.84 0.44 0.67
YD1_YS0.25 0.63 * * * 0.39 0.86
YD1_YS0.5 0.81 * * * 0.43 0.63
YD1_YS1 0.66 * * * 0.37 0.66
YS0.25_YS0.5 0.66 * * * 0.37 0.81
YS0.25_YS1 0.73 * * * 0.45 *
YS0.5_YS1 0.75 * * * 0.64 0.34
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Table A.3 — Simper results comparing solids, yellow, and white patterns of week 4 month 3. 

 
  

Pattern Biofilm Tubeworm Tunicate
R_W 0.77 * 0.39
R_WD0.25 0.81 * 0.49
R_WD0.5 0.75 * 0.42
R_WD1 0.74 * 0.41
R_WS0.25 0.77 * 0.42
R_WD0.25 0.76 * 0.41
R_WS1 0.4 * 0.75
R_Y 0.79 * 0.44
R_YD0.25 0.37 * 0.73
R_YD0.5 0.35 0.95 0.68
R_YD1 0.38 * 0.71
R_YS0.25 0.36 * 0.71
R_YS0.5 0.83 * 0.47
R_YS1 0.79 * 0.41
W_WD0.25 0.46 * 0.91
W_WD0.5 0.92 * 0.47
W_WD1 0.92 * 0.46
W_WS0.25 0.47 * 0.93
W_WS0.5 0.46 * 0.91
W_WS1 0.48 * 0.94
W_Y 0.44 * 0.85
W_YD0.25 0.45 * 0.89
W_YD0.5 0.9 * 0.45
W_YD1 0.45 * 0.9
W_YS0.25 0.83 * 0.42
W_YS0.5 0.9 * 0.46
W_YS1 0.45 * 0.9
WD0.25_WD0.5 0.86 * 0.47
WD0.25_WD1 0.86 * 0.46
WD0.25_WS0.25 0.44 * 0.87
WD0.25_WS0.5 0.88 * 0.46
WD0.25_WS1 0.92 * 0.47
WD0.25_Y 0.77 * 0.42
WD0.25_YD0.25 0.88 * 0.45
WD0.25_YD0.5 0.89 * 0.45
WD0.25_YD1 0.91 * 0.46
WD0.25_YS0.25 0.87 * 0.47
WD0.25_YS0.5 0.45 * 0.83
WD0.25_YS1 0.85 * 0.44
WD0.5_WD1 0.87 * 0.46
WD0.5_WS0.25 0.87 * 0.45
WD0.5_WS0.5 0.88 * 0.46
WD0.5_WS1 0.91 * 0.46
WD0.5_Y 0.81 * 0.43
WD0.5_YD0.25 0.87 * 0.45
WD0.5_YD0.5 0.87 * 0.45
WD0.5_YD1 0.88 * 0.46
WD0.5_YS0.25 0.83 * 0.47
WD0.5_YS0.5 0.86 * 0.45
WD0.5_YS1 0.88 * 0.45
WD1_WS0.25 0.46 * 0.89
WD1_WS0.5 0.44 * 0.87
WD1_WS1 0.91 * 0.46
WD1_Y 0.42 * 0.81
WD1_YD0.25 0.86 * 0.43
WD1_YD0.5 0.85 * 0.43
WD1_YD1 0.87 * 0.44
WD1_YS0.25 0.81 * 0.43
WD1_YS0.5 0.44 * 0.88
WD1_YS1 0.44 * 0.87
WS0.25_WS0.5 0.45 * 0.89
WS0.25_WS1 0.93 * 0.47
WS0.25_Y 0.41 * 0.81
WS0.25_YD0.25 0.45 * 0.88
WS0.25_YD0.5 0.44 * 0.88
WS0.25_YD1 0.45 * 0.89
WS0.25_YS0.25 0.83 * 0.45
WS0.25_YS0.5 0.86 * 0.45
WS0.25_YS1 0.44 * 0.87
WS0.5_WS1 0.91 * 0.46
WS0.5_Y 0.43 * 0.83
WS0.5_YD0.25 0.45 * 0.87
WS0.5_YD0.5 0.86 * 0.43
WS0.5_YD1 0.44 * 0.88
WS0.5_YS0.25 0.83 * 0.43
WS0.5_YS0.5 0.89 * 0.45
WS0.5_YS1 0.44 * 0.87
WS1_Y 0.45 * 0.87
WS1_YD0.25 0.89 * 0.45
WS1_YD0.5 0.44 * 0.88
WS1_YD1 0.45 * 0.89
WS1_YS0.25 0.82 * 0.42
WS1_YS0.5 0.92 * 0.46
WS1_YS1 0.46 * 0.9
Y_YD0.5 0.46 * 0.85
Y_YD0.5 0.45 * 0.84
Y_YD1 0.47 * 0.87
Y_YS0.25 0.85 * 0.44
Y_YS0.5 0.85 * 0.46
Y_YS1 0.43 * 0.82
YD0.25_YD0.5 0.45 * 0.84
YD0.25_YD1 0.46 * 0.87
YD0.25_YS0.25 0.41 * 0.81
YD0.25_YS0.5 0.91 * 0.46
YD0.25_YS1 0.46 * 0.86
YD0.5_YD1 0.43 * 0.82
YD0.5_YS0.25 0.77 * 0.4
YD0.5_YS0.5 0.45 * 0.9
YD0.5_YS1 0.46 * 0.87
YD1_YS0.25 0.79 * 0.4
YD1_YS0.5 0.46 * 0.92
YD1_YS1 0.46 * 0.88
YS0.25_YS0.5 0.88 * 0.47
YS0.25_YS1 0.43 * 0.85
YS0.5_YS1 0.86 * 0.45
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Table A.3 (Continued) — Simper results comparing solids, yellow, and white patterns of week 4 
month 3. 

 

Pattern Biofilm Tubeworm Tunicate
R_W 0.77 * 0.39
R_WD0.25 0.81 * 0.49
R_WD0.5 0.75 * 0.42
R_WD1 0.74 * 0.41
R_WS0.25 0.77 * 0.42
R_WD0.25 0.76 * 0.41
R_WS1 0.4 * 0.75
R_Y 0.79 * 0.44
R_YD0.25 0.37 * 0.73
R_YD0.5 0.35 0.95 0.68
R_YD1 0.38 * 0.71
R_YS0.25 0.36 * 0.71
R_YS0.5 0.83 * 0.47
R_YS1 0.79 * 0.41
W_WD0.25 0.46 * 0.91
W_WD0.5 0.92 * 0.47
W_WD1 0.92 * 0.46
W_WS0.25 0.47 * 0.93
W_WS0.5 0.46 * 0.91
W_WS1 0.48 * 0.94
W_Y 0.44 * 0.85
W_YD0.25 0.45 * 0.89
W_YD0.5 0.9 * 0.45
W_YD1 0.45 * 0.9
W_YS0.25 0.83 * 0.42
W_YS0.5 0.9 * 0.46
W_YS1 0.45 * 0.9
WD0.25_WD0.5 0.86 * 0.47
WD0.25_WD1 0.86 * 0.46
WD0.25_WS0.25 0.44 * 0.87
WD0.25_WS0.5 0.88 * 0.46
WD0.25_WS1 0.92 * 0.47
WD0.25_Y 0.77 * 0.42
WD0.25_YD0.25 0.88 * 0.45
WD0.25_YD0.5 0.89 * 0.45
WD0.25_YD1 0.91 * 0.46
WD0.25_YS0.25 0.87 * 0.47
WD0.25_YS0.5 0.45 * 0.83
WD0.25_YS1 0.85 * 0.44
WD0.5_WD1 0.87 * 0.46
WD0.5_WS0.25 0.87 * 0.45
WD0.5_WS0.5 0.88 * 0.46
WD0.5_WS1 0.91 * 0.46
WD0.5_Y 0.81 * 0.43
WD0.5_YD0.25 0.87 * 0.45
WD0.5_YD0.5 0.87 * 0.45
WD0.5_YD1 0.88 * 0.46
WD0.5_YS0.25 0.83 * 0.47
WD0.5_YS0.5 0.86 * 0.45
WD0.5_YS1 0.88 * 0.45
WD1_WS0.25 0.46 * 0.89
WD1_WS0.5 0.44 * 0.87
WD1_WS1 0.91 * 0.46
WD1_Y 0.42 * 0.81
WD1_YD0.25 0.86 * 0.43
WD1_YD0.5 0.85 * 0.43
WD1_YD1 0.87 * 0.44
WD1_YS0.25 0.81 * 0.43
WD1_YS0.5 0.44 * 0.88
WD1_YS1 0.44 * 0.87
WS0.25_WS0.5 0.45 * 0.89
WS0.25_WS1 0.93 * 0.47
WS0.25_Y 0.41 * 0.81
WS0.25_YD0.25 0.45 * 0.88
WS0.25_YD0.5 0.44 * 0.88
WS0.25_YD1 0.45 * 0.89
WS0.25_YS0.25 0.83 * 0.45
WS0.25_YS0.5 0.86 * 0.45
WS0.25_YS1 0.44 * 0.87
WS0.5_WS1 0.91 * 0.46
WS0.5_Y 0.43 * 0.83
WS0.5_YD0.25 0.45 * 0.87
WS0.5_YD0.5 0.86 * 0.43
WS0.5_YD1 0.44 * 0.88
WS0.5_YS0.25 0.83 * 0.43
WS0.5_YS0.5 0.89 * 0.45
WS0.5_YS1 0.44 * 0.87
WS1_Y 0.45 * 0.87
WS1_YD0.25 0.89 * 0.45
WS1_YD0.5 0.44 * 0.88
WS1_YD1 0.45 * 0.89
WS1_YS0.25 0.82 * 0.42
WS1_YS0.5 0.92 * 0.46
WS1_YS1 0.46 * 0.9
Y_YD0.5 0.46 * 0.85
Y_YD0.5 0.45 * 0.84
Y_YD1 0.47 * 0.87
Y_YS0.25 0.85 * 0.44
Y_YS0.5 0.85 * 0.46
Y_YS1 0.43 * 0.82
YD0.25_YD0.5 0.45 * 0.84
YD0.25_YD1 0.46 * 0.87
YD0.25_YS0.25 0.41 * 0.81
YD0.25_YS0.5 0.91 * 0.46
YD0.25_YS1 0.46 * 0.86
YD0.5_YD1 0.43 * 0.82
YD0.5_YS0.25 0.77 * 0.4
YD0.5_YS0.5 0.45 * 0.9
YD0.5_YS1 0.46 * 0.87
YD1_YS0.25 0.79 * 0.4
YD1_YS0.5 0.46 * 0.92
YD1_YS1 0.46 * 0.88
YS0.25_YS0.5 0.88 * 0.47
YS0.25_YS1 0.43 * 0.85
YS0.5_YS1 0.86 * 0.45
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Table A.4 — Simper results comparing solids, yellow, and white patterns of week 4 month 4. 

 
  

Pattern Biofilm Hydriod 
Encrusting 
Bryozoan Tunicate

R_W 0.95 * * 0.48
R_WD0.25 0.96 * * 0.48
R_WD0.5 0.95 * * 0.48
R_WD1 0.95 * * 0.48
R_WS0.25 0.94 * * 0.48
R_WD0.25 0.95 * * 0.48
R_WS1 0.48 * * 0.95
R_Y 0.48 * * 0.95
R_YD0.25 0.48 * * 0.95
R_YD0.5 0.95 * * 0.48
R_YD1 0.94 * * 0.47
R_YS0.25 0.95 * * 0.48
R_YS0.5 0.95 * * 0.48
R_YS1 0.94 * * 0.47
W_WD0.25 0.96 * * 0.49
W_WD0.5 0.97 * * 0.49
W_WD1 0.95 * * 0.48
W_WS0.25 0.94 * * 0.48
W_WS0.5 0.95 * * 0.48
W_WS1 0.96 * * 0.48
W_Y 0.96 * * 0.49
W_YD0.25 0.95 * * 0.48
W_YD0.5 0.94 * * 0.48
W_YD1 0.95 * * 0.48
W_YS0.25 0.95 * * 0.48
W_YS0.5 0.93 * * 0.47
W_YS1 0.47 * * 0.94
WD0.25_WD0.5 0.97 * * 0.49
WD0.25_WD1 0.93 * * 0.48
WD0.25_WS0.25 0.44 * * 0.84
WD0.25_WS0.5 0.91 * * 0.48
WD0.25_WS1 0.93 * * 0.47
WD0.25_Y 0.93 * * 0.47
WD0.25_YD0.25 0.83 * * 0.44
WD0.25_YD0.5 0.78 * * 0.43
WD0.25_YD1 0.93 * * 0.47
WD0.25_YS0.25 0.92 * * 0.47
WD0.25_YS0.5 0.78 * * 0.43
WD0.25_YS1 0.48 * * 0.94
WD0.5_WD1 0.96 * * 0.49
WD0.5_WS0.25 0.95 * * 0.48
WD0.5_WS0.5 0.97 * * 0.49
WD0.5_WS1 0.97 * * 0.49
WD0.5_Y 0.97 * * 0.49
WD0.5_YD0.25 0.97 * * 0.49
WD0.5_YD0.5 0.96 * * 0.49
WD0.5_YD1 0.97 * * 0.49
WD0.5_YS0.25 0.97 * * 0.49
WD0.5_YS0.5 0.95 * * 0.49
WD0.5_YS1 0.95 * * 0.48
WD1_WS0.25 0.9 * * 0.46
WD1_WS0.5 0.92 * * 0.48
WD1_WS1 0.93 * * 0.47
WD1_Y 0.93 * * 0.49
WD1_YD0.25 0.91 * * 0.47
WD1_YD0.5 0.89 * * 0.47
WD1_YD1 0.93 * * 0.48
WD1_YS0.25 0.93 * * 0.48
WD1_YS0.5 0.88 * * 0.46
WD1_YS1 0.92 * * 0.47
WS0.25_WS0.5 0.87 * * 0.46
WS0.25_WS1 0.47 * * 0.92
WS0.25_Y 0.46 * * 0.91
WS0.25_YD0.25 0.44 * * 0.84
WS0.25_YD0.5 0.82 * * 0.42
WS0.25_YD1 0.92 * * 0.46
WS0.25_YS0.25 0.89 * * 0.45
WS0.25_YS0.5 0.82 * * 0.41
WS0.25_YS1 0.47 * * 0.92
WS0.5_WS1 0.95 * * 0.48
WS0.5_Y 0.94 * * 0.48
WS0.5_YD0.25 0.91 * * 0.48
WS0.5_YD0.5 0.88 * * 0.47
WS0.5_YD1 0.95 * * 0.48
WS0.5_YS0.25 0.93 * * 0.48
WS0.5_YS0.5 0.88 * * 0.47
WS0.5_YS1 0.47 * * 0.93
WS1_Y 0.94 * * 0.48
WS1_YD0.25 0.93 * * 0.47
WS1_YD0.5 0.91 * * 0.46
WS1_YD1 0.96 * * 0.48
WS1_YS0.25 0.47 * * 0.94
WS1_YS0.5 0.91 * * 0.46
WS1_YS1 0.48 * * 0.94
Y_YD0.5 0.92 * * 0.47
Y_YD0.5 0.9 * * 0.47
Y_YD1 0.48 * * 0.95
Y_YS0.25 0.94 * * 0.47
Y_YS0.5 0.89 * * 0.46
Y_YS1 0.47 * * 0.93
YD0.25_YD0.5 0.67 0.83 * 0.36
YD0.25_YD1 0.94 * * 0.48
YD0.25_YS0.25 0.92 * * 0.47
YD0.25_YS0.5 0.66 * 0.76 0.35
YD0.25_YS1 0.48 * * 0.93
YD0.5_YD1 0.9 * * 0.46
YD0.5_YS0.25 0.88 * * 0.45
YD0.5_YS0.5 0.31 0.7 * 0.59
YD0.5_YS1 0.47 * * 0.93
YD1_YS0.25 0.95 * * 0.48
YD1_YS0.5 0.92 * * 0.47
YD1_YS1 0.47 * * 0.94
YS0.25_YS0.5 0.88 * * 0.45
YS0.25_YS1 0.47 * * 0.93
YS0.5_YS1 0.47 * * 0.93



 

 82 

Table A.4 (Continued) — Simper results comparing solids, yellow, and white patterns of week 4 
month 4. 

 

Pattern Biofilm Hydriod 
Encrusting 
Bryozoan Tunicate

R_W 0.95 * * 0.48
R_WD0.25 0.96 * * 0.48
R_WD0.5 0.95 * * 0.48
R_WD1 0.95 * * 0.48
R_WS0.25 0.94 * * 0.48
R_WD0.25 0.95 * * 0.48
R_WS1 0.48 * * 0.95
R_Y 0.48 * * 0.95
R_YD0.25 0.48 * * 0.95
R_YD0.5 0.95 * * 0.48
R_YD1 0.94 * * 0.47
R_YS0.25 0.95 * * 0.48
R_YS0.5 0.95 * * 0.48
R_YS1 0.94 * * 0.47
W_WD0.25 0.96 * * 0.49
W_WD0.5 0.97 * * 0.49
W_WD1 0.95 * * 0.48
W_WS0.25 0.94 * * 0.48
W_WS0.5 0.95 * * 0.48
W_WS1 0.96 * * 0.48
W_Y 0.96 * * 0.49
W_YD0.25 0.95 * * 0.48
W_YD0.5 0.94 * * 0.48
W_YD1 0.95 * * 0.48
W_YS0.25 0.95 * * 0.48
W_YS0.5 0.93 * * 0.47
W_YS1 0.47 * * 0.94
WD0.25_WD0.5 0.97 * * 0.49
WD0.25_WD1 0.93 * * 0.48
WD0.25_WS0.25 0.44 * * 0.84
WD0.25_WS0.5 0.91 * * 0.48
WD0.25_WS1 0.93 * * 0.47
WD0.25_Y 0.93 * * 0.47
WD0.25_YD0.25 0.83 * * 0.44
WD0.25_YD0.5 0.78 * * 0.43
WD0.25_YD1 0.93 * * 0.47
WD0.25_YS0.25 0.92 * * 0.47
WD0.25_YS0.5 0.78 * * 0.43
WD0.25_YS1 0.48 * * 0.94
WD0.5_WD1 0.96 * * 0.49
WD0.5_WS0.25 0.95 * * 0.48
WD0.5_WS0.5 0.97 * * 0.49
WD0.5_WS1 0.97 * * 0.49
WD0.5_Y 0.97 * * 0.49
WD0.5_YD0.25 0.97 * * 0.49
WD0.5_YD0.5 0.96 * * 0.49
WD0.5_YD1 0.97 * * 0.49
WD0.5_YS0.25 0.97 * * 0.49
WD0.5_YS0.5 0.95 * * 0.49
WD0.5_YS1 0.95 * * 0.48
WD1_WS0.25 0.9 * * 0.46
WD1_WS0.5 0.92 * * 0.48
WD1_WS1 0.93 * * 0.47
WD1_Y 0.93 * * 0.49
WD1_YD0.25 0.91 * * 0.47
WD1_YD0.5 0.89 * * 0.47
WD1_YD1 0.93 * * 0.48
WD1_YS0.25 0.93 * * 0.48
WD1_YS0.5 0.88 * * 0.46
WD1_YS1 0.92 * * 0.47
WS0.25_WS0.5 0.87 * * 0.46
WS0.25_WS1 0.47 * * 0.92
WS0.25_Y 0.46 * * 0.91
WS0.25_YD0.25 0.44 * * 0.84
WS0.25_YD0.5 0.82 * * 0.42
WS0.25_YD1 0.92 * * 0.46
WS0.25_YS0.25 0.89 * * 0.45
WS0.25_YS0.5 0.82 * * 0.41
WS0.25_YS1 0.47 * * 0.92
WS0.5_WS1 0.95 * * 0.48
WS0.5_Y 0.94 * * 0.48
WS0.5_YD0.25 0.91 * * 0.48
WS0.5_YD0.5 0.88 * * 0.47
WS0.5_YD1 0.95 * * 0.48
WS0.5_YS0.25 0.93 * * 0.48
WS0.5_YS0.5 0.88 * * 0.47
WS0.5_YS1 0.47 * * 0.93
WS1_Y 0.94 * * 0.48
WS1_YD0.25 0.93 * * 0.47
WS1_YD0.5 0.91 * * 0.46
WS1_YD1 0.96 * * 0.48
WS1_YS0.25 0.47 * * 0.94
WS1_YS0.5 0.91 * * 0.46
WS1_YS1 0.48 * * 0.94
Y_YD0.5 0.92 * * 0.47
Y_YD0.5 0.9 * * 0.47
Y_YD1 0.48 * * 0.95
Y_YS0.25 0.94 * * 0.47
Y_YS0.5 0.89 * * 0.46
Y_YS1 0.47 * * 0.93
YD0.25_YD0.5 0.67 0.83 * 0.36
YD0.25_YD1 0.94 * * 0.48
YD0.25_YS0.25 0.92 * * 0.47
YD0.25_YS0.5 0.66 * 0.76 0.35
YD0.25_YS1 0.48 * * 0.93
YD0.5_YD1 0.9 * * 0.46
YD0.5_YS0.25 0.88 * * 0.45
YD0.5_YS0.5 0.31 0.7 * 0.59
YD0.5_YS1 0.47 * * 0.93
YD1_YS0.25 0.95 * * 0.48
YD1_YS0.5 0.92 * * 0.47
YD1_YS1 0.47 * * 0.94
YS0.25_YS0.5 0.88 * * 0.45
YS0.25_YS1 0.47 * * 0.93
YS0.5_YS1 0.47 * * 0.93
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Appendix B 

 
Figure B. 1 — Representative photos of biofouling on red and white polycarbonate UVC exposed 
panels and controls during (a) one month of one minute a day exposure and (b) one month of one 
minute every six hours exposure. Results are from Box 1 which investigated UVC and color.  
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Figure B. 2 — Representative phots of biofouling on red, white polycarbonate, and stainless steel 
UVC exposed panels and controls during (a) one month of one minute a day exposure and (b) one 
month of one minute every six hours exposure. Results are from Box 1 and Box 2, which compared 
substrate with UVC application. 
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Figure B. 3 — Representative phots of biofouling on red polycarbonate and stainless steel UVC 
exposed panels and controls during (a) one month of one minute a day exposure and (b) one month 
of one minute every six hours exposure. Results are from Box 3 which investigated the indirect 
effects between stainless steel and polycarbonate exposed panels. 
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Table B. 1 — SIMPER results comparing surface types stainless-steel (SS) and polycarbonate (PC) 
and the controls (SS-C, PC-C). 

 
 
 

 
Figure B.4 — MDS plot comparing (a) red polycarbonate panels of box to red polycarbonate panels 
of box 3 and (b) stainless-steel panels of box 2 to stainless-steel panels of box 3. 

 

 

 

 

 

Panel Biofilm Tubeworm Tunicate
PC_SS 0.44 0.76 0.63
PC_PC-C 0.43 0.8 -
PC_SS-C 0.45 - 0.79
SS-PC-C 0.39 0.69 0.83
SS_SS-C 0.78 - 0.39
PC-C_SS-C 0.71 - 0.36
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Figure B.5 — Biofouling community composition (Macrofouling only) on the UVC exposed red 
and white polycarbonate with their corresponding controls following (a) one minute a day exposure 
and (b) one minute every six hours exposure. Both exposures periods were conducted over a one-
month immersion. 
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Figure B.6 — Biofouling community composition (macrofouling only)on the on the UVC exposed 
polycarbonate (red and white) and stainless-steel with their corresponding controls following (a) one 
minute a day exposure and (b) one minute every six hours exposure. 
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Figure B.7 — Biofouling community composition (macrofouling only)on the on the UVC exposed 
polycarbonate (red and white) and stainless-steel with their corresponding controls following (a) one 
minute a day exposure and (b) one minute every six hours exposure. 


