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ABSTRACT: Marine Sponges are becoming an increasing source of novel biomedical and antibacterial compounds. Many of 
these compounds are synthesized as secondary metabolites from symbiotic bacteria and have immense potential in the pharma-
ceutical industry. However, climate change may pose a threat to the viability of marine sponges and result in the loss of future 
medical discoveries. Therefore, this paper looks at the effect climate change may have on marine sponges by subjecting fragments 
of the marine sponge, Halichondria panicea, into aquaria representing different climate change scenarios to study the effect that 
global warming and ocean acidification may have on its symbiotic bacteria. To model climate change towards the end of the 21st 
century, conditions from the IPCC's 2014 climate change report were simulated to determine specific growth conditions. The 
fragments were placed in the different RCP growth conditions for two weeks, then dissociated, filtered, and the extracts incubated 
on Hektoen enteric agar for 48 hours. The results showed that climate change has adverse effects on the marine sponge, Halichon-
dria panicea, by decreasing their symbiotic bacterial population by around 18 %.

KEYWORDS: Earth and Environmental Sciences; Environmental Effects on Ecosystems; Marine Biology; Climate Change; 
Marine Sponges.

�   Introduction
Some forms of climate change have been modeled and 

discussed by the IPCC (Intergovernmental Panel on Cli-
mate Change). In doing so, they have created future scenarios 
(RCPs) detailing the rate of global warming and ocean acid-
ification. These scenarios are based on the possible actions of 
humanity and how their intervention can change the course 
of climate change.¹ An RCP number of 2.6 (RPC2.6) means 
increased human intervention and lowered ocean temperatures 
and stabilized pH levels. As the number increases (6.0, 8.5), so 
does ocean acidification and global warming, meaning that hu-
mans are taking little part in efforts to reduce carbon emissions 
and ocean acidification. These models show that the greater 
the projected changes are, the more stable and hospitable the 
environment will become.² These RCP scenarios and their 
modeled effects are shown in Figure 1. 

In a single liter of ocean water, there are over 1 billion in-
dividual bacterial cells and 10 billion viruses. Sponges, often 
referred to as the filters of the ocean, process over 50,000 times 
their volume of this pathogenic seawater in a day.³ As they are 
in continual contact with this endless stream of unique mi-
croorganisms, sponges begin to develop complex antibacterial 
compounds. Sponges attain these medical compounds through 
their symbiotic relationship with certain bacteria. Many times, 
when these bacteria are stressed, they produce a substance often 
referred to as a secondary metabolite. The molecules are highly 
specialized and are created to target specific problems.⁴ In the 
case of the marine sponge, Halichondria panicea, current re-
search has shown that there are a variety of symbiotic bacteria 
living within the organism. However, the sponge’s main sym-
biotic bacteria belong to the genus Rhodobacter (Proteobacteria, 
subdivision α).⁵ These bacteria are gram-negative and possess 

immense potentials in the pharmaceutical industry as they are 
able to synthesize highly complex antibiotics and other drugs.⁶ 
Since these bacteria are relatively small, 0.6-0.8 microns long, 
a 1-micron syringe filters were used to purify sponge extracts.⁷

Although some researchers have shown that sponges may 
transcend climate change, little is known about its bacteria, 
leaving much to be imagined for a sponge's medical potential 

Figure 1: Projected effects of increases in atmospheric CO₂ concentration 
by RCP senecio 2.6, 4.5, 6.0, and 8.5 plotted as: a) surface temperature 
change, b) glacier melting, c) sea level rise, and d) ocean pH decline. Each 
RCP scenario, represented by the different colored projections, will have 
varying effects on the Earth’s environment, however the most severe of which 
will increase global temperatures by about 4°C and decrease ocean pH levels 
by about 0.3 units by 2100.²
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in future scenarios.⁸ Therefore, the understanding of climate 
change as it relates to bacteria, is the first step towards 
understanding what possible challenges may lie in the 
future as it relates to the viability of marine sponges and the 
pharmaceutical industry.⁹
�   Methods
The Halichondria panicea sponges were raised in 2-gallon 

aquaria for the duration of two weeks and then subjected to 
different temperature and pH levels representing present and 
possible future conditions. After two weeks, the bacteria liv-
ing in the sponges were sampled using standard techniques 
and were tested for viability. About 20 grams (wet weight) of 
Halichondria panicea sponge was collected from boat docks 
near the Cabrillo Marine Aquarium. They were then cut into 
16 pieces, each measuring about one cubic centimeter, and 
placed into 16 different tanks (batch system). The tanks were 
separated into groups of 4 labeled trial 1, trial 2, trial 3, and 
trial 4. Each tank within each trial was then labeled control, 
RCP 2.6, RCP 6.0, and RCP 8.5 and subjected to different 
water temperatures and pH levels based on their specific con-
ditions shown in Table 1. The temperature in each of the test 
tanks were increased utilizing an aquarium heater and the pH 
decreased utilizing a soda streamer. To reduce the pH levels, 
CO₂ was bubbled into artificial seawater and then the pH 
levels were manually adjusted by changing the proportion of 
unaltered seawater to CO₂ streamed seawater. After 2 weeks, 
the sponges were washed with sterile artificial seawater, and 
the tissue was homogenized using a pestle and mortar. The 
extracts were then filtered through a 1micron syringe filter, 
diluted to 10:2 concentration with artificial sea water and in-
oculated onto Hektoen enteric agar plates for 48 hours with 
a 100 µL micropipette. After the incubation, the number of 
colonies on each plate were counted three times to derive a 
mean (to ensure consistency). Each tank had LED lighting 
strung above, cycling at 12-hour intervals. Each tank also 
had a heater used to alter temperatures, a Fluval AquaClear 
Power Filter with activated charcoal and sponge filtration 
media, and a five-watt Hydor Koralia Circulation pump. The 
sponges were spot-fed once a day with 5 mL of Brightwell 
Aquatic’s PhytoGreen-M phytoplankton suspension. A 10 % 
water change was also conducted on the tanks every three 
days for the duration of the two-week testing period.

�   Results and Discussion
The number of viable bacterial colonies from each plate are 

given in Table 2. A One-way ANOVA test was performed on 
the raw data utilizing Excel Spreadsheets and yielded a P-value 
of 0.0223 (depicted in Figure 2). After the initial significance

Table 1: Treatment group for each RCP scenario depicts temperature 
increase and pH decrease per RCP treatment group.

value was determined, a Tukey Post-hoc test was performed to 
determine which of the treatments were significantly different. 
It showed that there was statistical significance between the 
control and RCP 8.5 and RCP 6.0 treatments (depicted in 
Figure 3).

From this data analysis, it was found that there was a modest 
decrease (from 10 to 20 percent) in bacterial colony numbers 
relative to the control for all treatments, however, the decrease 
was statistically significant only for the conditions represent-
ing scenarios 6.0 and 8.5. The mean number of viable bacteria 
colonies from the control treatment was about 82 colonies; the 
mean number of viable bacteria colonies from the RCP 2.6 
treatment was about 74 colonies; the mean number of viable 

Table 1: Results showing the number of viable bacteria colonies from each 
treatment group.

Figure 2: Graphed results from the one-way ANOVA statical test shows 
the average number of viable bacteria colonies found on agar dishes after 
each treatment. There is a general decreasing trend in the number of viable 
colonies as RCP scenarios worsen; the treatment groups are also proven to be 
statically different by the resulted P-value of 0.0223.

Figure 3: Results from the Turkey post-hoc test: A represents control 
treatment, B represents RCP scenario 2.6 treatment, C represents RCP 
scenario 6.0 treatment, and D represents RCP scenario 8.5 treatment.
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bacteria colonies from the RCP 6.0 treatment was about 67 
colonies; the mean number of viable bacteria colonies from the 
RCP 8.5 treatment was about 66 colonies. 

There is considerable variation among the replicates. The 
reason for this may be a result of human error, however, the 
specifics are largely unknown. One possible reason for vari-
ation is the difference in the population density of microbes 
within the sponge. Since each individual sponge fragment was 
only measured and not weighed, this could have resulted in 
some fragments having a larger population of microbes at the 
beginning of the experiment, affecting the results.  

Although there was a larger proportion of viable bacteria 
from the control treatment when compared to the RCP treat-
ments, this does not indicate causation. The one-way ANOVA 
test revealed that there were significant mathematical vari-
ations among the treatments. The specific treatments which 
were different were revealed by the Turkey Post-hoc test to be 
RCP treatments 6.0 and 8.5 when compared to the control 
treatment. 

Although bacteria from the marine sponge, Halichondria 
panicea, were inoculated onto agar plates and counted for colo-
nies, it cannot be certain that the bacteria were from the genus 
Rhodobacter (Proteobacteria, subdivision α). Due to limitations 
in equipment, the bacteria’s DNA sequence was not identified 
and compared to pre-existing records; however, steps were tak-
en to increase the chances of viable colonies from Rhodobacter 
(Proteobacteria, subdivision α). These steps include inocula-
tion onto a selective gram-negative plate and filtration with 
1-micron syringe filters.
�   Conclusion
RCP scenarios 6.0 and 8.5 are statistically different from the 

control treatment according to a Tukey post-hoc test conduct-
ed on the raw data. The results suggest that if climate change 
continues along a 6.0 or 8.5 pathway, bacteria within marine 
sponges may be significantly affected. Recent research has 
shown that this may already be happening to certain symbiotic 
bacteria within corrals. As oceans are heating up, symbiotic 
microbes are developing temperature-induced necrosis, which 
threatens their ecosystems’ stability.¹⁰
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