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Abstract 

In eelgrass, dissolved oxygen is one of the outputs of photosynthesis, making it an indicator of 

productivity. The amount of sunlight and productivity have a direct relationship—the more 

sunlight a plant absorbs, the more oxygen it produces. In aquatic plants such as eelgrass, 

turbidity can become a hindrance to getting the needed sunlight to grow. If there is higher 

turbidity, then there will be less sunlight reaching the plants, which then leads to lower 

productivity. In this project, I looked at data from a deployed EXO sonde near the Hat Island 

eelgrass beds to see this correlation. I hypothesized that turbidity and dissolved oxygen would 

have an inverse relationship. After conducting my research, it was determined that, for the data 

set used, there was no direct correlation between the two factors. Additional research with a 

broader range of data and seasonal variation would prove to be useful in further determining the 

nature of this relationship. 
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Comparison of Dissolved Oxygen and Turbidity in Eelgrass Beds 

 Zostera marina is the scientific name for common eelgrass, a type of seagrass that is 

found all over the world’s oceans—seagrasses are the most widespread type of coastal 

environment (Lamb et al., 2017). Eelgrass is a flowering aquatic plant that roots in soft mud or 

sand in areas with little water turbulence (Mumford, 2007; Christiaen et al., 2019). It is a plant 

that has high light requirements, so it is often found in shallow water (Mumford, 2007). Due to 

these factors, it is evident that eelgrass relies heavily on photosynthesis for energy production. 

Although eelgrass requires these specific environmental traits, eelgrass itself is “ranked among 

the most productive and valuable habitats in the biosphere” (Christiaen et al., 2019). Eelgrass 

provides food, shelter, and a spawning ground for a wide variety of organisms, thus creating an 

incredibly important ecosystem for marine life (Christiaen et al., 2019; Plummer et al., 2012; 

Mumford, 2007; NOAA, 2022) (Figure 1). Not only does eelgrass support the living organisms 

in aquatic habitats, but also the non-living factors of the environment. For example, the roots and 

stems themselves trap sediment and reduce the force applied by wave energy. This helps to 

prevent shoreline and coastal erosion (NOAA, 2022; Walter et al., 2020).  

Figure 1 

Eelgrass Habitat 
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Note. Many marine organisms use eelgrass as a habitat or for food as seen in this graphic 

(Mumford, 2007) 

When it comes to human interactions with eelgrass, the results are mostly negative, as the 

workings of this important ecosystem are not typically common knowledge. Humans tend to use 

marine environments for a multitude of reasons such as recreation, aquaculture, transportation, 
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and commercial fishing (Plummer et al., 2012). When we fail to realize the consequences of our 

actions under the surface, it results in eelgrass die-off events potentially caused by urban 

developments, dredging, and runoff pollution (NOAA, 2022). Yes, eelgrass has suffered 

numerous negative effects at the hands of humans, but it also helps us by filtering out unwanted 

bacterial pathogens in the water that we thrive off of. In an experiment done to determine the 

effectiveness of eelgrass in a marine environment, there was a 50% reduction of the harmful 

pathogens where there were eelgrass beds (Lamb et al., 2017).  

Turbidity 

 Understanding turbidity is an important part of any marine environment. “Turbidity is an 

optical determination of water clarity. Turbid water will appear cloudy, murky, or otherwise 

colored, affecting the physical look of the water” (Fondriest Environmental, 2019; Turbidity and 

water, 2018). Turbidity is a piece of all marine ecosystems: rivers, lakes, ponds, and even 

puddles. Since water is the foundation of all life, it is imperative that we understand what is 

actually in the water. Turbidity can consist of different sediments, heavy metals, and algae 

(Fondriest Environmental, 2019; Turbidity and water, 2018). To relate this factor of water 

chemistry to humans, it becomes an issue when we consider our drinking water. Turbidity is 

used to determine water quality: by removing it, there are fewer opportunities for pathogens to 

attach to floating particles (Turbidity and water, 2018). When it comes to aquatic plants, 

turbidity is a determining factor in survival. Plants require sunlight to thrive and grow; when 

there is increased turbidity, there is a limited supply of light, which results in reduced 

photosynthesis productivity. Eelgrass, an essential aquatic plant, is heavily dependent on 

photosynthesis for survival. In a study done to determine the lasting effects of turbidity on 

eelgrass, “short-term periods of increased water turbidity would lead to long-term effects on the 
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survival of [eelgrass]. Water turbidity and duration displayed a significant interactive effect on 

[their] survival and growth… [and] can be described as a strong inverse function” (Li et al., 

2021). This means that when high levels of turbidity were introduced to eelgrass beds, there were 

detrimental effects on the bed stability. Turbidity does not necessarily signify harmful water for 

consumption, but it can still result in negative impacts on the organisms that live in marine 

environments. 

Dissolved Oxygen 

 Dissolved oxygen (DO) “is a measure of how much oxygen is dissolved in the water - the 

amount of oxygen available to living aquatic organisms. The amount of dissolved oxygen in a 

stream or lake can tell us a lot about its water quality” (Dissolved oxygen and water, 2018). In 

areas with running water, there are high amounts of DO due to the high energy system (Murphy, 

2007). In stagnant water, where there are more algae, the DO is consumed at higher rates, 

leaving a low DO system (Dissolved oxygen and water, 2018). To relate DO to turbidity, “high 

levels of total suspended solids will increase water temperatures and decrease dissolved oxygen” 

(Fondriest Environmental, 2019). This means that when there is higher turbidity, there is 

decreased DO, creating a poor living environment for marine creatures. If the DO reaches unsafe 

levels, hypoxia or anoxia can occur, which is a lack of DO in marine environments. “Because 

hypoxia can cause mortality, reduced growth rates, and altered distributions and behaviors of 

fishes, as well as changes in the relative importance of organisms and pathways of carbon flow 

within food webs, hypoxia and anoxia can lead to large reductions in the abundance, diversity, 

and harvest of fishes within affected waters” (Breitburg, 2002). Many organisms depend on 

dissolved oxygen to live underwater, making it a necessary factor for life, such as eelgrass. 
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Eelgrass requires DO to grow, but it also produces DO as a result of photosynthesis. This makes 

DO a primary indicator of eelgrass and estuarine health. 

The purpose of this study is to determine if there is a strong correlation between turbidity 

and dissolved oxygen in eelgrass beds concerning photosynthesis. Based on background 

information and research, a reasonable hypothesis would be that turbidity and dissolved oxygen 

have an inverse relationship (Fondriest Environmental, 2019): the higher the turbidity is, the 

lower the level of dissolved oxygen will be. This hypothesis is based on the basic idea of 

photosynthesis: when there is higher turbidity, there will be less sunlight reaching the eelgrass 

underwater; thus, with less sunlight, the eelgrass cannot photosynthesize as much as it needs to, 

and since dissolved oxygen is a product of photosynthesis, it will decrease. 

Methods 

Study Site 

The data in this project were collected by the Ocean Research College Academy (ORCA) 

in Possession Sound, WA. Possession Sound is part of the larger Puget Sound, and it contains the 

Snohomish River Estuary. This area provides many habitats for eelgrass beds to thrive. The data 

site used in this project is located near the Southeast coast of Hat Island (48.0109185, -

122.3071540) (Figure 3). Data were collected from January 17th, 2020, to February 26th, 2020, 

through an EXO sonde that was deployed in the eelgrass beds in these waters. This sonde 

collected temperature, salinity, dissolved oxygen (DO), chlorophyll, and turbidity data every 

fifteen minutes. (Figure 2) This project looks specifically at the relationship between DO (mg/L) 

and turbidity (FNU) in this eelgrass bed. Since this sonde was only deployed over about a month, 
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each full day of data is represented in Figure 4 to get an accurate representation of DO and 

turbidity relationships. 

Figure 2 

EXO Sonde 

 

Note. Photo of a sonde similar to the one deployed in this experiment (Dissolved oxygen and 

water, 2018). 

Figure 3 
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Map of Data Site 

 

Note. Map of Possession Sound, WA depicting the data site near Hat Island, represented by the 

red point. 

Results 

After analyzing the data output from the EXO sonde, the observations are depicted in 

Figure 4. Overall, there does not seem to be a direct correlation between the levels of dissolved 

oxygen and turbidity in the Hat Island Property eelgrass beds. In the figure, there are no clear 

patterns between the DO and turbidity; however, there do seem to be some trends on an 

individual scale. On the DO scale, there are constant fluctuations in mg/L that occur on a 

somewhat regular basis. It appears to vary between nighttime and daytime hours (Figure 5). 

Occasionally, a spike in turbidity will align with the oscillations in DO, but neither appear to 

have a direct effect on the other. 

One particularly interesting observation is that the DO levels are higher during the 

nighttime (approximately 17:00-8:00 due to winter daylight hours) than in the daytime 

(approximately 9:00-16:00). Through randomly selected points at the altitude of the crests, it was 
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determined that at night, the DO values range between 9 and 11 mg/L. During the day, the levels 

range from 7 to 9 mg/L. Although these changes do not seem very significant, there is a clear 

pattern. As seen in Figure 5, the shaded areas of the graph show distinct changes in the DO 

during the night. This nighttime/daytime difference does not occur at every single point; 

however, the trend is too common to ignore. Typically, DO production would be at its highest 

during the daytime, which is when the most photosynthesis occurs due to the sunlight available. 

However, that is not the case in these results. 

Aside from the DO data output, there are also some interesting things to note about the 

turbidity data. There are a few significant spikes in the turbidity results. These spikes are 

unreasonably high compared to the rest of the data. The majority of the data points are between 0 

and 4 FNU, while the biggest spike is 7000 FNU. Other (smaller) large spikes are between 60 

and 200 FNU. It is assumed that these points might be outliers, so they are not depicted in figure 

4. The smaller spikes might be reasonable given unknown circumstances; however, it was 

unpractical to leave them within range of the graph to be able to show the main trends in the 

figure. 

Figure 3 
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Dissolved Oxygen and Turbidity

  

Note. (graphs are split in two to extend data) Dissolved oxygen (DO) (mg/L) levels next to 

turbidity (FNU) levels from January 17th, 2020, to February 26th, 2020. DO is represented by the 

dark blue line that shows the averages over the course of each day. The light blue line behind it is 
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the direct data that was recorded every fifteen minutes. For the turbidity, the explanation is the 

same, just in a green line instead. 

Figure 4 

Day and Night Trends in Dissolved Oxygen and Turbidity

 

Note. (Small section of the original graph from Figure 4) This figure shows a portion of the day 

and night cycle from 2/18/2020 to 2/22/2020. Shaded areas are data points that were collected 

during the nighttime. The blue and green lines are respectively dissolved oxygen (mg/L) and 

turbidity (FNU) levels  

Discussion 
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 The original purpose of this study was to find out if there was a correlation between 

dissolved oxygen and turbidity levels in eelgrass beds. Overall, it was determined that there is no 

outstanding correlation between these two factors of water chemistry in this experiment. Other 

experiments have shown that, as hypothesized, turbidity and dissolved oxygen have an inverse 

relationship (Figure 6). It was also noted that “halted or reduced photosynthesis means a 

decrease in plant survival and decreased dissolved oxygen output. The higher the turbidity levels, 

the less light that can reach the lower levels of water. This reduces plant productivity at the 

bottom of an ocean” (Fondriest Environmental, 2019). With the limited data available, a strong 

correlation could not directly be noted. 

Figure 6 

Dissolved Oxygen and Turbidity 
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Note. Figure showing relationship between dissolved oxygen (mg/L) (light blue line) and 

turbidity (NTU) (dark blue line) in 2009 from May 28th to June 9th (HORIBA, 2009). 

 Aside from the main results from this experiment, some other unexpected results were 

found by analyzing the graphs in Figure 4 and Figure 5. As mentioned previously in the results, 

it was interesting to see that typically, there would be higher DO in the nighttime, and lower DO 

in the daytime. This goes against what would typically be seen in this type of experiment. Due to 

the process of photosynthesis, normally, this would be the complete opposite of what should be 

happening. This is something that I do not know how to explain yet, and currently, have not 

found any outside information that covers this. 

 In this project, there were a few outliers, specifically in the turbidity data. Again, as 

mentioned previously in the results, the turbidity seemed to experience a few drastic changes 

occasionally. Because the majority of the other points were very low in FNU, it seemed 

unrealistic that some points measured in the thousands. These points are currently being 

considered outliers and were taken out of the scope of data to provide more coherent results and 

graphs, as seen in Figure 4. As for the smaller spikes in data, these may or may not be actual 

results from the EXO sonde, so they are still technically included in the data set, they are just not 

represented in Figure 4. 

 Many factors could have affected the sonde so that it produced such results. The data was 

collected in the wintertime, so already there are seasonal factors such as weather and temperature 

that could have impacted the results. Global effects like La Niña and El Niño that have effects on 

ocean temperature could be a factor in this research; however, this phenomenon did not occur 

during the months of collected data (NOAA, 2021). In an experiment conducted in the Pacific 

Northwest focusing on the role of light in the survival of eelgrass, it was determined that “winter 
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plants had approximately threefold greater net apparent primary productivity rate at the same 

irradiance as summer plants” (Thom et al., 2008). This means that, in the winter, the plants had a 

higher level of dissolved oxygen productivity than in the summer while having the same amount 

of light access. This study seems to contradict the fact that in the summertime, there is more 

sunlight for higher productivity, but that means that there are also higher temperatures. 

According to a study focusing on the effects of summer temperatures on eelgrass, productivity is 

lower due to high heat stress and a less circulated water column (Moore et al., 2012). In another 

study, it was found that changes in heat also affect the way that eelgrass grows, as well as its 

traits as a fully grown “adult.” Slightly warmer temperatures seemed to increase respiration, 

while slightly cooler temperatures appeared to increase photosynthetic rate (Niu et al., 2012). 

Although this project only used winter data, it would be interesting to compare seasonal changes 

by studying a similar set of data that takes place in the summer. 

 Along with seasonal variance, some factors could have affected the turbidity data such as 

tides, boat traffic, or even landslides. These events vary in occurrence, but each has a significant 

role in the ecosystem. Tides give the eelgrass habitat constant circulation of nutrients, but also 

sediments. This circulation of the water column is essential to the survival of eelgrass; however, 

it can also increase turbidity, which can block the little sunlight that there is in the winter. Also, 

in winter, storms are more frequent, which stir up the water column. This also moves sediments 

around, which can result in increased turbidity.  Boat traffic is also something that would 

increase turbidity, but that is fairly difficult to track on a deployed sonde. The location of study 

just off Hat Island makes the area prone to coastal events such as erosion and potential 

landslides. These occurrences would heavily increase the turbidity, but in the dataset collected, 

the outliers are too far apart to be considered a major event. Potential causes for outliers could 
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include murky river discharge from the Snohomish River or run-off from Hat Island. Although 

there are many possible causes of turbidity, none of them directly explain why the results of the 

experiment are counterintuitive. 

Conclusion 

 Although the results of this project were not expected, it was informative, nonetheless. To 

further this research there are many alternative routes to take in the future of exploring eelgrass 

photosynthetic rates. The main limitations of this project were the lack of data spanning a wider 

range of seasons. The results obtained from the winter study were interesting, but if it is possible 

to compare these results to seasonal changes in the environment, I think that there will be a 

clearer picture of what is happening in the water chemistry over time. This way, we can 

comprehend what is happening in one of the most important ecosystems on earth (Christiaen et 

al., 2019). 

 Understanding eelgrass is one step we can take towards understanding our planet. By 

recognizing shifts in ecosystems, we can predict and counteract potential tragic events, such as 

global warming, and analyze nature’s response to climate change. Eelgrass is not an endangered 

species, but it is still important that we protect it to preserve the survival of many other species. 

The federal government has “designated eelgrass as Essential Fish Habitat (EFH) and a Habitat 

of Particular Concern under the Magnuson-Stevens Fishery Conservation and Management Act 

in 1996” (NOAA, 2022). This prevents federal agencies from deliberately harming eelgrass beds 

through their actions. Although eelgrass is protected in this way, it is imperative that we still take 

action to educate others and preserve these ecosystems in the future.  
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