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Basic Analysis of Biosphere 2 Algae Data Including

Amphiroa fragillissima and Velonia aegagropila
Experiment


A tropical ocean has been simulated in the Biosphere 2 research center to study the long term effects of increasing atmospheric CO2 on living systems.  This report will focus on the algae growing in the simulated ocean.  As the entire area is under clear glass, light levels were not controlled.  It is unclear, though, how much and when CO2 levels were manipulated.  Without this data, one must wonder whether respiration or artificial CO2 addition was responsible for increases in CO2 levels.  Regardless, the interactive effects of CO2 and the algae can be studied from the data collected.

Data


Over five years of data were collected.  Data included light levels, CO2 levels, nutrient levels, and sampling of the algae and invertebrates growing in the system.  There were five different quantum sensors placed at various locations and depths.  For this report, only the outdoor weather station sensor was used.  The following analysis compares the algae growth with the available light each day.  When averaging light levels over weeks or months the maximum readings for each day were used instead of all readings for the day.  This gave nice curves where light levels were at minimum in winter and maximum in summer.  If considering a particular day or a few days, one can note that the light never reached higher than a certain level maybe due to a summer monsoon.  Since CO2 levels in the Biosphere 2 are not subject to such drastic diurnal fluctuations as is sunlight, all valid readings were used in averages.


Algae were sampled quasi-monthly.  Sometimes sampling occurred each month for a while, and then one to several months were skipped.  However irregular sampling was it never occurred more than once in a single month.  This yields at best a monthly picture of how the algae responded to CO2 levels that may have been changing daily.  This presents a problem and precludes drawing short term conclusions.  Only longer term conclusions can have any confidence.  Over thirty species of algae were collected and identified.  Only two species will be considered here: Amphiroa fragillissima and Velonia aegagropila.  These two were chosen because of their relatively good data and lack of previous study.  

Analysis

Visual Inspection of Graphical Data


Refer to Figure 1 for a general overview of light, CO2, and total algal biomass sampled for the entire five years.  Note the peak in algae production around month 30 (summer 2000).  A closer look at the year 2000 can be seen in Figure 2.  The driving force for this large increase in production is difficult to determine.  Looking at Figure 2, the increased algae growth appears to coincide with the increasing light levels.  A sharp spike in CO2 occurred close to the same time but after the algae had peaked.  The algae biomass tapers off after this event.  This is most likely due to the decreasing amount of sunlight and not related to the excessive amount of CO2.  However, it is possible that such a large increase in CO2 (almost double normal atmospheric conditions) inhibited algal growth either directly or indirectly.  Another plot like Figure 2 using standardized data has been included for a different perspective (Figure 3).


Two separate species of algae were also chosen for closer inspection.  The first, Amphiroa fragillissima, can be seen in Figure 4.  The total biomass sampled, CO2, and light data have been standardized for easier visualization.  The A. fragillissima data appear to move in step with the sunlight.  There appears to be no correlation with the amount of CO2.


Velonia aegagropila was considered here too.  The data have also been standardized and plotted in Figure 5.  This species was not present in abundance like A. fragillissima and shows up only for a brief time of about a year.  Toward the end of the time data, it appears again in two samplings.  This large gap in the middle of the experiment makes it difficult to draw conclusions regarding this species.  V. aegagropila biomass data does not appear to strongly correlate with light or CO2.

Statistical Correlations


Pearson correlations were performed to determine what correlation, if any, there was between CO2 and total algae biomass and between light and total algae biomass for the period January 1998 through February 2003.  Similar calculations were performed for the two algal species being reviewed.  This may provide a better view of the interactive effects that are difficult to determine with visual inspection of the graphs.  Due to gaps in the data record and the relative infrequency of algae sampling compared with the readings of light and CO2, the sample size for the calculation may not be sufficient for strong confidence in the correlation value.  A summary of r values (correlation) can be found in the following table.  


Light
CO2


Sample size (n)
Correlation (r)
Sample size (n)
Correlation (r)

Total Algae
20
0.223
23
-0.041

A. fragillissima
20
0.391
23
-0.373

V. aegagropila
13
0.014
16
-0.013


Total algae biomass is weakly correlated (22%) with the available light and very weakly negatively correlated with CO2 (-4%).  A. fragillissima appears to have a medium positive correlation (39%) with light and a medium negative correlation with CO2 (-37%).  Finally, V. aegagropila does not appear to be correlated with either light or CO2 having r values close to zero (~1%).  The sample size for each is included for judging the level of confidence in these values.

Conclusions


One would hypothesize that increasing amounts of CO2 would yield higher algae biomass; however, this does not appear to be the case in this experiment.  That may hold true at lower levels when CO2 is limiting, but CO2 may, in fact, be inhibitory at high levels.  The data only moderately suggest this with A. fragillissima having a good negative correlation with CO2.  V. aegagropila and the total algae appear to have little relation with the level of CO2 in the system.  With such a weak correlation (almost none) between V. aegagropila and light, it may suggest that the portion sampled was not accurate enough.  If this is the case and possibly the case for other algae collected, it may explain the weak correlation between light and total algae biomass.  One would expect a strong correlation between light and any of the algae unless growth was limited by some other factor such as nitrogen.  Further investigation should include such data.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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