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Abstract

Seagrasses are vital to marine ecosystems, providing stability to coastal areas, acting as significant carbon sinks and
supporting biodiversity. However, environmental changes, particularly climate change, are threatening seagrass
habitats. The global extinction rate of seagrasses has increased significantly, with notable losses in the Mediterranean
Sea. This decline is attributed to pollution, climate change, and rising temperatures, which impact seagrass growth,
reproduction, and survival.

To study these effects, climate chamber systems simulating future climate scenarios were used. These systems,
including aquariums and transparent bags, allow for controlled adjustments of climate variables such as CO;
concentration, temperature, and pH. Fieldwork conducted in Aliaga, Izmir, involved setting up these systems and
collecting samples of the seagrass Cymodocea nodosa. The study revealed that aquarium systems were more stable
and controllable than bag systems in field conditions.

The findings underscore the importance of climate chamber systems in understanding the ecological impact of climate
change on seagrasses. These systems provide valuable insights for developing conservation strategies and managing
marine ecosystems. Accurate simulation of future conditions is crucial for predicting and mitigating the effects of
global warming on seagrass meadows and marine biodiversity
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Iklim Degisikliginin Etkileri Uzerine Deneysel Stratejiler: Deniz Cayir1 Yataklari icin Iklim
Cemberi Sistemi

Oz
Deniz gayirlari, kiy1 bolgelerinde dayaniklilik saglamalari, 6nemli karbon yutaklar1 olarak iglev gdrmeleri ve biyolojik
cesitliligi desteklemeleri ile deniz ekosistemleri i¢in hayati 6neme sahiptirler. Ancak, iklim degisimi basta olmak iizere
cevresel degisiklikler, deniz ¢ayirlarinin habitatlarini tehdit etmektedir. Deniz ¢ayirlariin kiiresel yok olma orani dnemli
6lglide artmig, Akdeniz'de kayda deger kayiplar yasanmustir. Deniz gayirlarindaki bu yok olma durumu, Kirlilik, iklim
degisikligi ve artan sicakliklarin deniz ¢ayirlarinin biiyiimesini, iremesini ve hayatta kalmasini etkilemesi ile yakindan
iligkilidir.
Bu ¢aligmada, olasi etkileri incelemek i¢in gelecekteki iklim senaryolarini simiile eden iklim ¢emberi sistemleri
kullanilmustir. Bu sistemler, CO2 konsantrasyonu, sicaklik ve pH gibi iklim degiskenlerinin kontrollii olarak
degistirilmesine olanak taniyan, akvaryumlar ve seffaf torbalardan olusan sistemlerdir. Aliaga, izmir'de gergeklestirilen
saha galigmast, bu sistemlerin kurulmasini ve Cymodocea nodosa tiirii deniz ¢ayirlarinin 6rneklerinin toplanmasini
icermektedir. Calisma, saha kosullarinda akvaryumlardan olusturulan iklim ¢emberi sistemlerinin, plastik torba
sistemlerine gore daha stabil ve kontrol edilebilir oldugunu ortaya koymustur.
Bulgular, iklim ¢gemberi sistemlerinin iklim degisikliginin deniz ¢ayirlar1 lizerindeki ekolojik etkilerini anlamadaki
6nemini vurgulamaktadir. Bu sistemler, koruma stratejilerinin gelistirilmesi ve deniz ekosistemlerinin yonetimi igin
degerli bilgiler saglamaktadir. Gelecekteki kosullarin dogru bir sekilde simiile edilmesi, deniz ¢ayirlarinin ve deniz
biyolojik cesitliliginin kiiresel 1sinmanin etkilerinden korunmasina ve/veya etkilerinin hafifletilmesine yonelik ¢6ztiimleri
6ngdrmek icin kritik oneme sahiptir.
Anahtar Kelimeler: iklim degisimi, IPCC, aklimasyon, angiosperm, okyanus asitlenmesi
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1. Introduction

Seagrasses are considered critical species of the marine ecosystem due to their contribution to
stabilizing the coastal ecosystems [1-3] by stabilizing the sediment, preventing coastal erosion
and protecting shorelines. They are significant carbon sinks due to their high productivity,
crucial in sequestering a substantial portion of atmospheric carbon dioxide. Moreover, seagrass
meadows, which host a variety of species, play a vital role in biodiversity [4- 8]. Seagrass
meadow maintenance and management are significant marine ecological challenges.
Environmental changes from climate change affect aquatic habitats.

Studies have shown that the global extinction rate of seagrasses was approximately 1% per year
before 1940 but has increased to 7% per year in recent times [1, 3, 9]. It has been determined
that between 13% and 38% of Posidonia oceanica seagrass beds along the Mediterranean coasts
have been lost since the 1960s [6]. Many scientific studies have suggested that the cause of this
rapid decline is excessive environmental pollution combined with natural conditions and
climate change. Furthermore, these studies propose that environmental pollution, which has
increased since the industrial revolution, may have a greater impact than climate change [10,
11].

As an effect of climate change, alterations in sea level, salinity, temperature, atmospheric CO»,
and UV radiation can influence seagrass distribution, productivity, and community
composition. Rising seawater temperatures, in particular, impact seagrasses in several ways,
including changes in growth rates, physiological functions, reproductive patterns, phenology,
and seed germination [12- 15]. The loss of seagrasses can lead to decreased productivity and
marine biodiversity, which in turn can cause changes in coastal dynamics, a decline in water
quality, and the destabilization of sediments.

Studies have shown that the combined effects of temperature increase and eutrophication,
significant impacts of climate change, restrict the survival of seagrasses [16].

According to climate scenarios in 2100, critical temperature and pH changes are expected in
aquatic ecosystems. RCP (Representative Concentration Pathways), developed by IPCC
(Intergovernmental Panel on Climate Change), is an expression used to determine climate
change scenarios. RCP scenarios are analyzed in 4 main lines: low-emission scenario (RCP
2.6), medium-low emission scenario (RCP 4.5), medium-high emission scenario (RCP 6.0),
and high-emission scenario (RCP 8.5) [17].

Ocean acidification, an increasingly significant scientific topic in the contemporary world,
refers to the decrease in pH and increase in H* ions in the oceans caused by a rise in CO;
concentrations. Ocean surface water acidity has increased by 30% since the Industrial
Revolution [18]. Today, the pH value of the surface water of the oceans is accepted as 8.1.
According to the RCP 2.6 scenario, the pH value of the oceans is expected to decrease to 8.05
in 2100, and the water temperature is expected to increase by 1°C. In the RCP 8.5 scenario, the
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pH value of the ocean surface water in 2100 is expected to decrease by 0.3-0.4 units to 7.8, and
the water temperature is expected to increase by 3.7°C [3, 17,19, 20]. As a result of the expected
0.3- 0.4 decrease in the pH value of the oceans in the RCP 8.5 scenario, the acidity of the oceans
is expected to increase by 151% and will affect all marine life [21].

The climate chamber system being set up in this study is an essential tool to simulate future
climate scenarios and learn how particular species and ecosystems will react to these changes.
These systems also offer a unique capability to study the natural habitat of critical species like
seagrass Cymodocea nodosa, providing insights into their response to ocean acidification. By
controlling and altering pH levels based on varying CO> concentrations, the climate chamber is
designed to simulate future climate conditions. It also enables detailed observations and
analyses of seagrass responses under projected environmental scenarios. This system improves
the repeatability and accuracy of experiments by adjusting climate variables (temperature, CO>
concentration, light intensity, and nutrient levels), enabling physiological and molecular-level
research.

These studies demonstrate ecosystems' adaptive abilities and help to understand how
seagrasses, algae, and other marine organisms respond to rising CO; levels. It also offers the
chance to contrast the results of different climate scenarios, which aids in creating conservation
strategies and ecosystem management plans [22].

2.  Material Methods

2.1.  Site Description and Sampling

The fieldwork was conducted on May 25-26, 2023, in Aliaga/Izmir (38.862355, 27.037297),
where the species C. nodosa meadow was found (Figure 1). The climate circle system was set
up at a depth of 0.5-1 m. Samples were collected in triplicate at specified times.

Samples were taken from young leaves. Epiphytes were quickly removed from the leaves
without causing damage, and the leaves were washed with distilled water and blotted with paper
towel to remove the excess water. The dried leaves were transferred to 1.5 mL Eppendorf tubes
containing RNA preservation solution (RNAlater, Thermo Fischer Scientific). During the
fieldwork, the tubes were kept in icebox and transferred to the laboratory under cold chain
conditions. All samples were stored at -20°C in the laboratory until analysis.
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Figure 1. Study area
2.2.  Equipment Description

Two distinct climate circle systems were set up using various materials and equipment that were
tested. Two distinct systems, aquarium systems (40 x 40 x 20 cm, LxWxH) and transparent
bags (26 x 28 cm), were tested as climate chambers, and it was found that both are suitable for
field use. CO2 was added to the sealed bag systems, which were set up independently until the
required pH was reached. For added durability, the bag system was designed with two layers.
In contrast, the aquarium system was installed inside a single aquarium. Although single-use
small CO; cylinders can also be used, a 5 L cylinder was used.

2.3. Pre-Lab Testing

Laboratory tests were carried out before the climate circle system was set up to get the desired
pH reduction in the seawater added to the bag systems. In these experiments, CO2 gas was added
to seawater samples to reduce the pH by 0.3-0.4 units. The length of time and rate at which
CO- gas should be supplied were decided upon during this phase. This made it possible to make
the required modifications to guarantee the intended pH decrease in the studies conducted in a
natural setting.

2.4.  Field Testing
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Figure 2. Artificial plastic bag and aquarium climate chamber systems and experiment design
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Under field conditions, these enclosed systems, called climate circles, offered a controlled
simulation environment. The only independent variable in the system designed in the natural
marine environment was the concentration of CO,. After being removed from their roots,
individual C. nodosa plants were inserted into light-permeable climate circle systems to create
the ideal environment with the right amount of CO> gas. Transparent sealed bags and aquarium
systems were the two systems that were tested as climate circles. Regular measurements of pH
and temperature were taken. It was concluded that both could be used in the field (Figure 2).

3.  Results and Discussion
3.1. Results
3.1.1. Differences in Testing Methods at the fieldwork

When compared to the experiment setup in the field, the preliminary laboratory experiments
revealed a far more stable environment. The pH reduction experiments were made easier and
faster by the stable laboratory conditions and water temperature. However, the field setup's
fluctuating water temperature led to a more unstable atmosphere, which had an impact on CO-
solubility. The solubility of CO2 was decreased by the rising water temperature, making it more
challenging to achieve the appropriate pH levels. In addition, compared to laboratory
conditions, there were variations in the duration and rate of CO. delivery to the water.

3.1.2. Field Testing

Figure 3. Climate Chamber Systems in the Field
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Plastic Bag Aquarium
System Close system Open system
To reach field Easy and light Need space and Heavy
Durable Sensitive Less sensitive
Leak Leaky Open system
Light intensity Enough light intensity Natural light intensity
Set up process Long set up process Easy and short set up process
pH check Not possible Regularly possible
Progress Each bag for each time Same condition for all

samples and sampling times

Table 1. Comparison of plastic bag and aquarium chamber systems

When utilized in a field setting, each system has pros and cons of its own. Transporting the
closed system climate circle to the field is made simple by its lightweight and compact design,
which makes use of plastic bags. Nevertheless, the open system climate circle—which makes
use of aquariums—is heavier and requires more room, which makes it challenging to move to
the field (Figure 3).

Depending on the duration of the experiment, the bags utilized in the closed system suffered
damage as a result of having to stay in the water through the night or during turbulence. Double-
layered bags were used to address this problem. In the open system, extra support was needed
during the night or turbulent hours to prevent it from toppling over, depending on how long the
experiment was going to last, even though it remained stable for extended periods once fixed
in the water because of its weight.

In the closed system, the use of transparent bags did not hinder light penetration; however, it
should be noted that double-layered bags were used in experiments where the amount of light
was crucial. In the open system, natural light penetration continued throughout the entire
experimental process.

The experimental process took longer to set up in the field because each bag in the closed system
required a different pH adjustment. Since every experimental piece in the open system was
housed in the same aquarium, one pH adjustment was adequate in real-world settings.
Furthermore, regular pH monitoring was carried out in open systems even though pH control
in closed systems was not possible once the experiment started.

Samples were collected by opening each closed system one after the other at the designated
time, and storing the samples properly. At the scheduled sampling times in the open system,
samples were randomly drawn from the one aquarium and stored under the proper conditions
(Table 1).
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3.2. Discussion

In selecting the field site, the species’ natural habitat to be studied should be considered. The
population of C. nodosa spreads in shallower and softer substrates. This species also prefers
clear and less turbulent waters. Therefore, the field site was selected according to the natural
distribution areas of C. nodosa. The region should have shallow and non-rocky waters with low
turbulence. This selection ensures the conditions necessary for establishing the climate circle
system and the successful execution of the study. Thus, both the characteristics of the natural
habitat are preserved, and the proper establishment of the system is ensured.

Samples were taken at specific times and kept cold-chained in an RNA preservative solution.
Reliable analyses were made possible by this procedure, which guaranteed the preservation of
RNA without degradation. Both physiological and molecular techniques were used in the
laboratory analysis of the collected samples.

The field site was perfect for C. nodosa’s natural habitat because of its shallow, sandy substrate
and low turbulence waters.

We choosed for the aquarium system due to its enhanced stability and simplified pH control in
field settings. Unlike the closed system, which required individual pH adjustments for each bag
and often suffered damage from prolonged water exposure and turbulence, the aquarium system
allowed for a single pH adjustment and maintained stability due to its weight. Additionally, the
aquarium system ensured consistent natural light penetration throughout the experiment,
reducing the need for double-layered bags. This setup facilitated easier sample collection and
regular pH monitoring, making it more efficient and reliable for our research objectives.

The study's successful setup and execution allowed for accurate and trustworthy results. This
was made possible by the field site selection and the use of the aquarium climate circle system.

Previous CO climate enrichment studies have used closed-loop systems to regulate gene
expression levels for about a month before further analyses [23, 24]. A study demonstrated the
potential of in situ carbon enrichment systems for long-term climate change research in
nearshore coastal communities, highlighting their viability and cost-effectiveness. The study
underscored the importance of understanding how elevated pCO: levels impact marine
ecosystems [23].

We similarly established an aquarium-based climate circle system. However, unlike the fully
closed systems used in CO: climate enrichment studies, our setup examined short-term
responses to climate change. While our aquarium system proved to be successful, it is not
suitable for long-term climate change studies as described in similar research. This indicates
that while our approach is effective for short-term analysis, modifications would be necessary
for it to be applicable in long-term studies.

The incubation chambers designed in a study consist of gas-tight polyethylene plastic bags with
a port for drawing water samples. These bags are 30 x 20 cm in size and have a capacity of
approximately 2.5 liters. The chambers are sealed with a P\VC clamp and incubated at a depth

21



Experimental Strategies on Climate Change Impacts: Climate Chamber Approach for Seagrass Meadows

of 2 meters on a steel bar. The flexible nature of the plastic bags allows them to prevent external
turbulence from affecting the boundary layers inside [22]. However, we used 26 x 28 cm plastic
bags for this study. We sealed the two layers bags using their own locking mechanisms, not
PVC clamps. Despite this variation, the samples remained stable during the incubation period,
indicating that our results were successful. This implies that the more basic bag mechanism can
function just as well, providing a more direct and possibly economical method without
sacrificing the samples integrity and stability. However, this system is also unsuitable for long-
term research.

Compared to conducting experiments in a laboratory setting, setting up a climate chamber
system in the field is more difficult and expensive. A more stable environment and improved
reproducibility can be achieved by moving seagrass specimens from the field into the laboratory
in seawater and then arranging the experiment after 7 days incubation. Seagrass specimens will
have a higher chance of survival if they are placed in filtered and sterilized seawater (by
autoclaving or UV light). The collected seawater's salinity and temperature should also be
continuously controlled in the lab. This kind of setup has been used in earlier aquarium studies,
which have recorded survival rates during the incubation and experimental phases [15, 25].

Ecologically significant gene-physiology interactions can be discovered and how organisms
react to environmental stresses at various scales can be comprehended by combining the use of
molecular and physiological techniques. Compared to laboratory settings, controlling pH in the
field can be far more difficult. Consequently, it is thought that by reducing pH fluctuations,
utilizing a single aquarium system in the field as opposed to several CO,-enriched bag systems
as in the study would produce more accurate results.

Conclusion

In conclusion, climate chamber systems are essential resources for comprehending and
mitigating the ecological and biological effects of global warming. To create sustainable
management plans and help researchers and policymakers be better prepared for potential future
climate scenarios, they offer insightful information. By using these systems, it might be possible
to safeguard biodiversity from climate change and build resilient ecosystems. The other
important thing is that preference for using aquarium systems as climate chambers is also
important for addressing plastic pollution and sustainability.
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