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Materials:

	Students need a computer, graphing program (e.g., Excel), and a printer.  (There are foram samples every 1 cm in each core, so >100 points to graph per core.)

To distribute to students:

Student exercise: GOM Dead Zone student exercise.doc

Spreadsheet of data to distribute to students (does not include the graphs): 
GOM Hypoxia exercise.xlsx

Location figure without core positions marked: GOM location map no core fig1.pdf

(I find it handy to extract the graphical hints for Excel included in the student exercise to hand out separately [see comment in Instructor note below]: GOM Dead Zone Excel Graphical Hints.doc)

Additional Instructor files:

Spreadsheet of analyzed data with graphs for instructor use: GOM Hypoxia.xlsx 
I include comments below on interpretation of the “solution set”.

Location figure with core positions: GOM Dead Zone location fig1.pdf


Instructor Notes

Data Characteristics

The original data (see references below for sources) show just the three PEB taxa and number of other forams for MRD05-6GC, MRD05-04GC, and MRD05-04BC.  This makes for a relatively simple calculation of PEB index. For PE0305-GC1, on the other hand, Osterman, et al. provided “real” complete data, that is, abundances of all foram species. Students therefore have to find the PEB taxa and sum them, then sum all the forams before calculating the PEB index.


Age Model

The data spreadsheet has interpolated ages for the entire MRD05-4 box core based on Pb210.  Personally, I am a little dubious about the accuracy of this because it assumes constant accumulation rates between interpolation tiepoints on the shelf. Osterman, et al. (2008) themselves consider this unlikely in their discussion of the radiocarbon dates, although they seem to ignore this in interpreting the Pb210  data.  This just means there is room to alter (somewhat) the interpolated ages (see below under Flood).


Core position relative to modern hypoxia
	(see also GOM Dead zone location fig1.pdf)

	Core Name
	Latitude
	Longitude
	Water depth (m)
	Position rel to hypoxia

	MRD05-6 Gravity Core
	28.3
	90.9
	65
	Farthest

	PE0305 Gravity Core 1
	28.4
	90.5
	47
	At Edge

	MRD05-04 Gravity Core
	28.9
	89.9
	38.5
	Within

	MRD05-04 Box Core
	28.9
	89.9
	38
	Within




Making the Graphs

(Your situation may vary) UNCP students mostly don’t have laptops or computers in class, so making the graphs is homework.

Although students taking my paleontology class are all juniors and seniors, they have limited familiarity with graphs or making graphs in Excel. (I think Excel is to serious statistical graphics as paint-by-numbers is to fine art, but it is a program all the students have.)  I make sure they get the data well in advance and provide some graphical hints for Excel. Then I can spend part of an intervening class period demonstrating how to make graphs in Excel to refresh/improve their graphical skills. Although the student exercise includes graphical hints, I have found it useful to have a separate document for these and hand it out. I have now embedded it in the student Excel workbook as well.

They are instructed to 1) calculate PEB on a 100-point scale; 2) make their graphs so depth increases downwards; and 3) scale all the cores to roughly the same depth scale (so that the PEB curves are comparable from core to core). This means the box core is plotted twice (once with depth to ~220 cm and once expanded to its lesser depth for detail).

Note that my graphs in the Instructor spreadsheet omit symbols for each sample. The data are sufficiently dense, in my opinion, that sample symbols just clutter the curve.  

There is one graph of MRD05-4 box core in the Instructor spreadsheet, but I make the two graphs to print by changing the depth axis, one filling the graph with data (i.e., 0-220 cm depth) and the other scaled approximately the same as the gravity cores.

[bookmark: _GoBack]The second footnote (on the Interpretation page (p. 4) of the student exercise) is my most recent attempt to make students fully engage and interpret the data. Without it, my students tend to write one sentence (as few as a dozen words) to answer the question expressed in the first three sentences.

Basic Interpretation Solution

These basic solutions can be considerably elaborated, but that depends on the instructor’s viewpoint and the nature of the class.  In the Appendix, I include more detailed interpretation I have discussed with students when their attempts at interpretation have been lacking.

Hypoxia

A rough summary of interpretations: 

MRD05-6, the core outside the modern hypoxia zone, has low PEB values throughout.  

PE0305, taken on the edge of the modern zone, has a record of periodic spikes in PEB index (implying hypoxia and probably floods), and there is an increase in index in the shallowest 15 cm of the core. 

The MRD05-04 cores are within the modern hypoxia zone.  The gravity core, with the longer record, has relatively low PEB indexes at the bottom, periodic spikes upward, and a striking increase in the shallowest 25 cm. The MRD05-04 box core shows a striking, fairly consistent increase in the shallowest 17 cm.  

All of these data are consistent with an increase in low-oxygen intensity over the youngest part of the record, that is, during the time of anthropogenic increase in organic runoff in the Mississippi River.


Flood interpretation and skepticism on interpolation

MRD05-04 Box core Pb210 dates imply that 1927 was at 26.5 cm depth.  The PEB index, however, has a peak at about 24.5 cm. This suggests to me that the latter depth is a better estimate for 1927.  Using a depth of approximately 24 cm and assuming similar sedimentation rates for all cores (questionable, probably), we can correlate to a similar peak in PE0305-1 at 22.5 cm and (more tenuously) at 18.5 cm for MRD05-6 (the core farthest from the modern hypoxia zone).  Students assume that the interpolated numerical ages are “rock-solid,” when the interpolation depends on dubious assumptions that permit the flood interpretation I’ve given.

Broader matters

There are other controls on the development of hypoxia beyond the basics discussed here. For example, in 2011, river flow and other variables led NOAA to predict development of a particularly intense hypoxic zone, but a well-timed tropical storm passed through this area of the Gulf of Mexico, mixed waters well, and eliminated the low-oxygen conditions. 


Notes on Lead 210

From http://esp.cr.usgs.gov/info/lacs/lead.htm:

Lead 210 (Pb210) is a radioactive form of lead, having an atomic weight of 210. It is one of the last elements created by the radioactive decay of the isotope uranium-238 (U238). Pb210 forms naturally in the sediments and rocks that contain U238, as well as in the atmosphere, a by-product of radon gas. Within 10 days of its creation from radon, Pb210 falls out of the atmosphere. It accumulates on the surface of the earth where it is stored in soils, lake and ocean sediments, and glacial ice. The Pb210 eventually decays into a non-radioactive form of lead. Pb210 has a half-life of 22.3 years, which means that after 22.3 years, only half of the original amount is undecayed. If the sediment layers are undisturbed, then as the sediment ages it slowly loses its radioactivity. We can determine how old a sediment layer is by how much Pb210 it contains. It takes about 7 half-lives, or 150 years for the Pb210 in a sample to reach near-zero radioactivity.
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Complete References

[Can’t hand this out to students, because these papers contain graphs and interpretation of results]

Paper showing graphs and interpretation:

Osterman, L.E., Poore, R.Z., Swarzenski, P.W., 2008, The last 1000 years of natural and anthropogenic low-oxygen bottom-water on the Louisiana shelf, Gulf of Mexico: Marine Micropaleontology, v. 66, p. 291-303.

Sources of raw data:

Osterman, L.E., Campbell, P.L., Swarzenski, P.W., and Ricardo, J.P., 2007, Biological, physical and chemical data from Gulf of Mexico gravity and box core MRD05-04: U.S. Geological Survey, Open-File Report 2007-1024, 18 p.

Osterman, L.E., Kelly, W.S., and Ricardo, J.P., 2008, Benthic foraminiferal census data from Louisiana continental shelf cores, Gulf of Mexico: U.S. Geological Survey, Open-File Report 2008-1348, 16 p.

Osterman, L.E., Swarzenski, P.W., and Hollander, D., 2006,  Biological, physical, and chemical data from Gulf of Mexico core PE0305-GC1: U.S. Geological Survey, Open-File Report 2006-1012, 28 p.

Also handy:

Osterman, L.E., Poore, R.Z., Swarzenski, P.W., 2008, Gulf of Mexico Dead Zone–1000 year record: U.S. Geological Survey, Fact Sheet 2008-1099, 2 p. http://pubs.usgs.gov/of/2008/1099/

Locality figure originally from [I haven’t looked at this; the figure included in this exercise is modified from the digital file Osterman provided]:

Rabalais, N.N., Turner, R.E., Justic, D., Dortch, Q., and Wiseman, W.J., Jr., 1999, Characterization of Hypoxia, Topic 1. Report for the Integrated Assessment on Hypoxia in the Gulf of Mexico: NOAA Coastal Ocean Program Decision Analysis Series No. 15, 167 pp.


Appendix

More Detailed Interpretation of Hypoxia
(shared with students in some years when their analysis was lacking)


Advice for Open-Ended Lab Questions



Example: Compare the record of PEB index for the cores.

The idea is to look at each core’s PEB record and interpret any patterns (i.e., how does the PEB index change as you go up the core from the oldest to youngest sediment).  In doing this, you need to note the magnitude of the PEB index in each core and the range of variability.  It can be useful to note key interpretations on the graphs themselves.

MRD05-6 GC has low PEB index values (0-12) and although there are some peaks, especially towards the bottom, the range of variation is not great.  These data suggest that hypoxia has not been significant at this location.

Much of PE0305-1 GC has fairly low PEB index values (0-20), but there are a number of thin, much higher peaks (e.g., 65 at about 130 cm). The PEB index seems to be increasing in the shallowest part of the core.  These data suggest that hypoxia has occurred intermittently (at the index peaks) and is of increasing importance in recent years, but that much of the time, there was minimal hypoxia here.

MRD05-4 GC has low PEB index values (0-15) through much of the record, but a sizeable number of peaks of higher index values (peak values from 30-65).  The frequency and persistence of these peaks seems to increase upsection and there is a definite increase in the shallowest part of the core.  These data suggest hypoxia has occurred frequently over the time of the core (although not all the time) and its incidence has been steadily increasing over the most recent 25 cm of the core.

MRD05-4 BC begins with relatively low PEB index values (about 20) with a couple of peaks (about 32 cm and 24 cm), but then increases greatly at about 15 cm depth (PEB index > 70) and remains high to the top of the core.  These data indicate hypoxia increased greatly in the shallow part of the core (the last 60 years or so).  [The dip near the top is in one sample and could result from a timely tropical cyclone disrupting the hypoxia by mixing the water column.  This could have happened in one year, but the sample represents multiple years and creates an “average” hypoxia lower than normal.  Tropical cyclone mixing to eliminate the hypoxia zone happened in 2011 as mentioned above.]



Finally, another part of the instructions asked you to plot the core locations on the map.  This allows you to see that the cores were taken in the middle of the modern hypoxia area, on its edge, and outside.  You can then interpret whether the patterns you noticed are related to the geographic distribution of samples.

The patterns interpreted above seem connected to the geographic location of the cores.  MRD05-6 GC was taken at a location just outside the area of modern hypoxia and it has little evidence of hypoxia.  PE0305-1 GC was taken on the edge of the modern hypoxia zone and has occasional evidence of low-oxygen conditions.  The bottom of the core is mostly non-hypoxic, which suggests that this location was outside whatever hypoxia zone existed at that time.  The MRD05-4 cores were taken in the middle of the modern hypoxia zone and have the highest and most consistent evidence of hypoxia.  There is still a notable increase in the last several decades there.

1927 flood: Note that it is easier to interpret MRD05-4 Box Core when you expand the depth axis to include just the depths in that core.

Despite the age model that suggests 1927 occurs at 26.5 cm depth, the peak at 24.5 cm suggests that this may be the 1927 flood.  Peaks in PEB index at 22.5 cm in PE0305-1 and 18.5 cm in MRD05-6 could be correlated to MRD05-4 as resulting from the 1927 flood.
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