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Sunlight controls water column processing
of carbon in arctic fresh waters.
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GENERAL USE OF Science in the Classroom

Student Learning Goals:

“One fundamental goal for K-12 science education is a scientifically literate person who
can understand the nature of scientific knowledge.”

The U.S. National Academy of Sciences defines science as: “Any new finding requires
independent testing before it is accepted as scientific knowledge; a scientist is therefore
required to honestly and openly report results so that they can readily be repeated,
challenged, and built upon by other scientists. Proceeding in this way over centuries,
the community effort that we call science has developed an increasingly accurate
understanding of how the world works. To do so, it has had to reject all dogmatic claims
based on authority, insisting instead that there be reproducible evidence for any
scientific claim.”

An important student learning goal, central to any understanding of “the nature of
scientific knowledge,” is to give each student an appreciation of how science is done.

This includes knowing why:

e Scientists must be independent thinkers, who are free to dissent from what the
majority believes.

e Science can deal only with issues for which testable evidence can be obtained.

e All scientific understandings are built on previous work

e Itis to be expected that one scientist’'s conclusions will sometimes contradict the
conclusions of other scientists.

e Science is a never-ending venture, as the results from one study always lead to
more questions to investigate.

! A Framework for K-12 Science Education, National Research Council, 2012



Using This Resource

Learning Lens:

The Learning Lens tool can be found on the right sidebar of each resource and is the
source of annotations. Click on the headings to highlight portions of the text of the
corresponding research article. A subsequent click on the highlighted text will produce
a text box containing more information about that particular piece of text. Below is an
example of the Glossary function of the Learning Lens.

White-Nose Syndrome (WNS) is an emerging disease afiecting hibemnating be , _c oo of pats H Click on a category below fo

mortality and precipitous population declines in winter hibernacula. First disco http:iwww.mnh.si.edwmna/image_info.cfm? display annotations. You can find
i ; : I———— species_id=199 i more information by clicking the

spreading rapidly across eastern North America and currently affects seven sj . ing highlighted tex! to the lsft

a regional population collapse and is predicted to lead to regional extinction of the little brown myotis (Myotis lucifugus),

previously one of the most common bat species in North America. Novel diseases can have serious impacts on nai

populations. which in turn can have substantial impacts on ecosystem integrity.

GLOSSARY
PREVIOUS WORK

REPORT AUTHOR'S EXPERIMENTS

Emerging infectious diseases are increasingly recognized as direct and indirect agents of extinction of free-ranging wildlife (1— CONCLUSIONS

4). Introductions of disease into naive wildlife populations have led to serious declines or local e; ns of different species in RS TELE LTS
the past few decades, including amphibians from Chylﬁdlomycﬁsﬁ (5, ©), rabbits from myxomatosis in the United Kingdom (7),

Tasmanian devils from infectious cancer (3), and birds in North America from West Nile virus (). Here we demonstrate that o o LEARNING
White-Nose Syndrome (WNS), an emerging infectious disease, is causing unprecedented mortality ameng hibemating bats in

eastern North America and has caused a population collapse that is threatening regional extinction of the little brown myotis

{Myatis lucifugus), a once widespread and common bat species.

REFERENCES AND NOTES

WIS is associated with a newly described psychrophilic fungus (Geomyces desiructans) that grows on exposed tissues of
hibernating bats, apparently causing premature arousals, aberrant behavior, and premature loss of critical fat reserves (9, 10)
(Fig. 1). The origin of WNS and its putative pathogen, G. desfructans. is uncertain (). A plausible hypothesis for the origin of
this disease in North America is introduction via human trade or travel from Europe, based on recent evidence that G
destructans has been observed on at least one hibemaling bat species in Europe (11). Anthropogenic spread of invasive
pathogens in wildlife and demestic animal pepulations, se-called pathegen pellution , poses substantial threats fo biodiversity
and ecosystem integrity and is of major concern in conservation efforts (1, 2)
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An example of the resource with the Glossary, Previous Work, Author’s Experiments,
News and Policy Links, and References and Notes tools turned on. The Glossary tool
is in use.



Learning Notes:

Learning Notes accompany each figure and are designed to help students deconstruct
the methods and data analysis contained within each figure.

LEARNING LENS

Click on a category below to
display annotations. You can find
more information by clicking the
highlighted text to the left.

GLOSSARY
PREVIOUS WORK

AUTHOR'S EXPERIMENTS

CONCLUSIONS

NEWS AND POLICY LINKS

CONNECT TO LEARNING
STANDARDS

REFERENCES AND NOTES

Fig. 1. Spatial distribution of head scales. (A) Head scales in most snakes (here, a corn snake) are polygons (two
upper panels) with stereotyped spatial distribution (two lower panels): left (yellow) and right (red) scale edges overlap
when reflected across the sagittal plane (blue). (B) Polygonal head scales in crocodiles have a largely random spatial
distribution without symmetrical correspondence between left and right. (C) Head scales from different individuals
have different distributions of scales’ sizes and localizations (blue and red edges from top and bottom

crocodiles, respectively).

Method: 3D geometry and color-texture reconstruction | Panel A Panel B Panel C
The authors took 120 color pictures of each animal to create detailed, three-dimensional
models of reptile heads. Watch this video in which the authors further explain their modeling

methods:

http://www.sciencemag.org/content/suppl/2012/11/29/science.1226265.DC1/1...&7
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References:

The Reference section of each resource is annotated with a short statement about how
or why each reference relates to the current research study.
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Thought Questions

Thought Questions are located above the Learning Lens in the right sidebar of each resource.

These questions were written to be universal and applicable to any primary research paper.

Thought questions do not have a single answer, or a correct answer for that matter, and can be

used to stimulate discussion among students.

Science in the Classroom

A collection of annotated research papers and accompanying teaching materials

Audience High school B

EDITOR'S INTRODUCTION
Cyclic Dynamics in a Simple Vertebrate Predator-Prey Community.
Gilg et al

Scientific studies often involve more than one discipline. In this case of lemming
population dynamics, scientists use both ecology-related methodology to collect
data in Gt . and al eq 1o construct a predictive model.
Simifar to the cyclic dynamic described in this study. this interdisciplinary research
would not have been complete If one of these two scientific disciplines had been
missing

annotated by Fanny Bemardon
onginal paper published 10/31/2003
annotations posted on 1/31/14

ABSTRACT

The collared lemming in the high-Arctic tundra in Greenland is preyed upon by four species of predators that show marked
differences in the numbers of eachc and in the @ of thelr dynamics on lemming density. A
predatorprey model based on the field-estimated predator responses robustly predicts 4-year periodicity in lemming dynamics.
In agreement with long-term empirical data. There is no Indication in the field that food or space limits lemming population
growth, nor is there need in the model to consider those factors. The cyclic dynamics are driven by a 1-year delay in the

numerical response of the stoat and stabilized by strongly density-dependent predation by the arctic fox, the snowy owl, and the

long-tailed skua
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THOUGHT QUESTIONS

1. Why is this study important?
2. What is the objective?

3. What are the conclusions?
-

What is the supporting
evidence?

5 Are there any doubts that this
conclusion is right?

6. What would you do next?

TAKE OUR USER SURVEY!

LEARNING LENS

Mg s o g
dispiay'8 gos e nd

more informalion vy Letkng the
highlighted text to the left

GLOSSARY
PREVIOUS WORK
AUTHOR'S EXPERIMENTS

i

ONCLUSIONS




Suggestions for Classroom Use:

In addition to the thought questions discussed above, other resources are provided for
use in the classroom. These can be found toward the end of the teacher guides
associated with each specific article and include:

1. Discussion questions specific to the article, related to the standards, and/or
associated with the figures.

2. Activities tied to the articles.

Some ways to use the Science in the Classroom articles:
1. Assign to student groups to read and discuss during class.

2. Assign small sections of the article to student groups to read and discuss during
class, with the expectation that they will present or use jigsaw to teach the entire
class what is in their part of the article.

3. Assign to individual students to complete during class or as homework.

4. Assign reading as an extra credit project.

Some ideas for interactive student engagement after reading the article:

1. Students write answers to discussion questions (for example, those linked to the
standards or those linked to the diagrams).

2. Go over the abstract, as well as information about the purpose and structure of
an abstract, and have students write their own abstracts for the articles in
language that could be understood by their peers.

3. Have students edit the article, or parts of the article, to a simpler reading level.

4. Have students, alone or in small groups, use the annotated list of references to
explain how the scientists who wrote this article built on the published work of at
least one independent group of scientists in making their discoveries. In the
process, did they produce data that supports the findings of the earlier
publication that they have cited in the text? In what way does this article support
the statement that scientific knowledge is built up as a “community effort™?



5. Use the article and discussion questions linked to the standards and the
diagrams for a teacher-led classroom discussion. The discussion can focus on
the nature of science and scientific research, as well as on the science in the
article itself.

6. Have students give a classroom presentation about the article, parts of the
article, or their answers to discussion questions.



ARTICLE-SPECIFIC MATERIALS

Connections to the nature of science from the article
e Why are scientists studying carbon from melting permafrost in the arctic?

e This paper includes experiments that cover a wide range of sizes—from molecular
interactions to adding up all of the carbon dioxide (CO2) release in a large land area.
o Why do the authors need to care about results at different scale?
o Why couldn’t all of their experiments be field scale or all just about
molecular interactions?

The importance of this scientific research

e Melting permafrost has the potential to release large amounts of CO; into the
atmosphere. It is important to understand how that process works so we can predict
how fast the CO, will be released and how much there will be.

The actual science involved

e Photochemistry of DOC
e Microbial respiration
e Areal rate calculations



Connect to Learning Standards:

NGSS 8 practices for science and engineering
http://www.nap.edu/openbook.php?record id=13165&page=4

N

e Practice 2: Developing and using models
e Practice 7: Engaging in argument from evidence

Science practices for AP Biology
https://advancesinap.collegeboard.org/stem/science-practices

e Practice 1: The student can use representations and models to communicate
scientific phenomena and solve scientific problems.

e Practice 7: The student is able to connect and relate knowledge across various
scales, concepts, and representations in and across domains.

English Language Arts Standards Science & Technical Subjects, Grade 11-12
http://www.corestandards.org/ELA-Literacy/RST/11-12/

e 11-12.4: Determine the meaning of symbols, key terms, and other domain-
specific words and phrases as they are used in a specific scientific or technical
context relevant to grades 11-12 texts and topics.

e 11-12.9: Synthesize information from a range of sources (e.g., texts,
experiments, simulations) into a coherent understanding of a process,
phenomenon, or concept, resolving conflicting information when possible.

Vision and Change Core Competencies and Disciplinary Practice
http://visionandchange.org/files/2011/02/Vision-and-Change-low-res.pdf (page 35)
e Competency 3: Ability to use modeling and simulation
e Competency 4: Ability to tap into the interdisciplinary nature of science
e Competency 6: Ability to understand the relationship between science and
society

Common Core: Statistics & Probability
http://www.corestandards.org/Math/Content/HSS/introduction/

¢ Make inferences and justify conclusions from sample surveys, experiments, and
observational studies


http://www.nap.edu/openbook.php?record_id=13165&page=42
https://advancesinap.collegeboard.org/stem/science-practices
http://www.corestandards.org/ELA-Literacy/RST/11-12/
http://visionandchange.org/files/2011/02/Vision-and-Change-low-res.pdf
http://www.corestandards.org/Math/Content/HSS/introduction/

Summary of the Article for the Teacher:

It is recommended that this not be used by students in place of reading the article.

General Overview:

In the Arctic, there is a layer of soil underground that stays permanently frozen;
summers are not long enough or warm enough for it to melt. However, because of
climate change, soil that has been frozen for many years is beginning to thaw. One of
the many consequences of this is that organic carbon that has been trapped in the
frozen ground is now able to move in the environment. Much of the newly released
organic carbon ends up dissolved in the water flowing into arctic streams, rivers, and
lakes. In this paper, the authors study the importance of sunlight in breaking down
dissolved organic carbon (DOC) into carbon dioxide (CO2) in arctic surface waters by
taking water samples and measuring rates of DOC degradation driven by sunlight and
driven by bacteria. The authors then use their results to model the amount of CO2
released from different types of DOC degradation for the entire study area on the North
Slope of Alaska. The results show that sunlight-driven DOC degradation is an important
process in the Arctic.

Topics Covered:
Permafrost thawing
Carbon cycling

DOC photochemistry
Microbial respiration
Areal rates

Climate change

Why this research is important:

CO: in the atmosphere is a major cause of climate change. The Intergovernmental
Panel on Climate Change has set a target amount for how much CO; can be released
before we reach the critical limit of 2°C above preindustrial global temperatures (the
“carbon budget”). It is important to account for any CO; released by melting permafrost,
as the amount may be a significant portion of the carbon budget. This research works
on identifying processes that convert carbon from permafrost to CO, and determining
which ones are important enough to consider in global climate models. Sunlight has not
previously been identified as an important driver of CO, production from permafrost
carbon.



Methods used in the Research:

e Field sampling of various water bodies

e Measurement of light attenuation

e Photodegradation assays

e Dark culture of bacteria from water samples
e Calculations of areal rates

Note: Although this publication has many fine qualities, it is not a methods driven paper.
There is very little methods information in the main text, and even the supplemental
information contains several references to other publications rather than a full
explanation of the methods used. Although some method details are provided in the
annotations, there is still minimal information included about how measurements were
made,what instruments were used, and specific analytical techniques.

Conclusions:

¢ In the Kuparik River Basin, 55% of DOC in surface water is converted to CO, and
45% is partially oxidized and remains in the DOC pool downstream.

e 55% of the CO;released from DOC was processed by light. 75% of total DOC
processing (including partial oxidation) is driven by light.

e Light-driven DOC degradation is more important in shallow streams and rivers and
less important in lakes.

e Light driven DOC degradation is more important for DOC that has recently been
dissolved from permafrost than for older DOC.

Areas of Further Study:

e Benthic respiration, or break down of DOC caused by microorganisms living at the
bottom of streams, lakes, and rivers, could be even more important that sunlight-
driven DOC processing.

e CO3release from sunlight-driven degradation of DOC should be incorporated into
global climate models.



Discussion Questions:

1. What was the goal of this study?
2. Why is this study important?

3. The remains of a decayed leaf have been frozen in the soil next to a stream for
many years. The soil thaws one summer and the remains of the leaf are dissolved
and swept into the stream.

a. What are the different ways that the remains of the leaf could be
converted to CO2? What else could happen to the remains of the leaf?
I. Once the remains of the leaf are dissolved, they become DOC.
DOC can be converted to CO2 by sunlight (photo-oxidation) or
bacterial respiration, or a combination of the two (photostimulated
bacteria respiration). DOC can also be partially degraded/oxidized
by sunlight or not degraded at all. In these cases, the remaining
DOC is transported downstream to larger bodies of water.

b. What properties of the stream might affect what happens to the leaf?
I. Possible answers include: stream depth, stream size, whether the
stream is in the shade, how much bacteria is in the stream

c. How did the results of the paper inform your answers to parts a and b?
I. The results of the paper show that sunlight-driven degradation of

DOC is more likely to occur in streams than bacterial respiration,

but that both can happen. If the DOC is transported to a lake, the
paper results show that bacterial respiration becomes more likely.

4. This paper includes experiments that cover a wide range of sizes—from molecular
interactions to adding up all of the CO2 release in a large land area.
a. Why do the authors need to care about results at different scale?

b. Why couldn’t all of their experiments be field scale or all just about
molecular interactions?

c. How do the authors relate the different scales?



