AChiCVC For States, By States

Colony Collapse Disorder and an Analysis of Honey Bee Colony Numbers -
High School Sample Classroom Task

Introduction

Colony Collapse Disorder (CCDgfers tathe drastic loss of honey bees and honey bee colonies, ¢
aswhathas beemwbserved around the woriid recent decades. Because many of the causes that g
thought to be associated with CCD do not represent changes within a stable population, tiseirthg
honey bee populations over tirogn be used to investigate factors affecting the bee populations d
periods of stability as well as instability (including the potential causes of CCD). In thisttaddnts
use data from domestic honey bee pojata as a model within which to study the dynamics of C(
Students mathematically model changes in the bee colony numbers framitbeé Statesindfrom

two individual statesCalifornia and South Dakot&tudents thensetheir constructed mathematical
modelsto describe factors affecting the bee colony populations. The students choose function(s
best fit the data, both the whole datasetasdbdivided data seBased on trergidentified by the
models, students also consider how changesdrcbleny numbermight affect the overall stability
and biodiversity of ecosysterrswhich thehoneybees participatd-inally, students evaluate a
proposed solution for CCD using a set of criteria and constraints.

This task was inspired by the 2010 United Nations Environment Programme (UNEP) Emerging Issues report
“Global Honey Bee Colony Disorders and Other Threats to Insect Pollinators. ” Available at:
(http://www.unep.org/dewa/Portals/67/pdf/Global_Bee Colony_Disorder_and_Threats_insect_pollinators.pdf)

Standards Bundle
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CCSS-M
MP.2
MP.3
MP.4
HSF.LE.1

HSF.LE.2

HSF.LE.5
HSS.I1D.6
HSS.IC.6
NGSS
HS-LS2-2

HS-LS2-6

HS-ETS1-3

(Standards completely highlighted in bold are fully addressed by the task; where all parts of the standard are not addressed by the task,
bolding represents the parts addressed.)

Reason abstractly and quantitatively.
Construct viable arguments and critigue the reasoning of others.
Model with mathematics.

Distinguish between situations that can be modeled with linear functions and
with exponential functions.

Construct linear and exponential functions, including arithmetic and geometric
sequencegiven a graph, a description of a relationship, or two input-output
pairs (include reading these from a table).

Interpret the parameters in a linear or exponential function in terms of a
context.

Represent data on two quantitative variables on a scatter plot, and describe how
the variables are related.

Evaluate reports based on data.

Use mathematical representations to support and revise explanations based on
evidence about factors affecting biodiversity and populations in ecosystems of
different scales.

Evaluate the claims, evidence, andsang thathe complex interactions in
ecosystems maintain relatively consistent numbers and types of organisms in
stable conditions, but changing conditions may result in a new ecosystem

Evaluate a solution to complex real-world problem based on prioritized criteria
and trade-offs that account for a range of constraints, including cost, safety,
reliability, and aesthetics, as well as possible social, cultural, and environmental
impacts.

CCSS-EL AlLiteracy

RST.11-12.2

R1.11-12.7

RST.11-12.7

RST.11-12.9

Determine the central ideas or information of a primary or secondary source;
provide an accurate summary that makes clear the relationships among the key
details and ideas.

Integrate and evaluate multiple sources of information presented in different
media or formats (e.g., visually, quantitatively) as well as in words in order to
address a question or solve a problem.

Integrate and evaluate multiple sources of information presented in diverse
formats and media (e.g. visually, quantitatively, as well as in words) in order to
address a question or solve a problem.

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.

W.11-12.7, & WHST.11-12.7

Conduct short as well as more sustained research progecsswer a question
(including as self-generated question) or solve a problem; narrow or broaden
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http://www.corestandards.org/ELA-Literacy/RST/11-12/9/

inquiry when appropriate; synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.
W.11-12.9 & WHST.11-12.9

Draw evidence from informational texts to support analysis, reflection, and
research.

Information for Classroom Use

Connections to Instruction
This task is aimed at students in 10th or 11th grade, in Biolpggdmparable courser an integrated
science course that includes the ecosystem dynaanidsyho haveuccessfully completettie
requirements od rigorousAlgebral course This task would be used after students have studied
interdependent relationships in ecosystems aedgy transfer in ecosystems, and during or after
students have explored the dynamic interactions involved in ecosystems. The task should be cc
after students have had experience witideling contextual situations usitigear equations and
ideally, after students have studied a variety of function familegseach ofwhich they could comparg
the characteristics in determining the best function for the data presented. Fitting a line or curvg
can be done based oiencetwithdamites of tlrctionsk the taskisidane e
within an Algebra Xourse, studentould be limited to using linear and quadratic function models
The entire task is intended ameans of checking for students understanding of mathematical ang
science concepts related to modeling ecosystem dynapadicularly within an integrated
math/science courséecaug the plotting requiredin TaskComponent#, B andC is used as
evidence for the discussion in those task components and the ones thatstolit®mnis could be
allowed to revisit the plots before completing the remained of the task components.

This task includes interdisciplinary connections to ELA/ Literiaclyoth reading and research
(writing). Here the informational texts students research and/or read are represented both in w
graphically and come from both primary and secondary sources, including informational texts st
locate via researchnd informational texts students compose in words and/or graphically through
the various components of the task; however, in this task, the reading students do is assessed
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writing, which in this task most closely aligns with writing in relation torshesearch projects.
Students can be formatively assessed on the reading standards and on drawing evidence from
informational texts through writing for Task Components A through F and assessed on the read
research standards formativatyTask Conponents G and H.

This task has been aligned tetBLA/Literacy reading and research standards for th2L.grade
band. Teachers using this task tha@® 10" grade should refer to the comparable CCSS for 16 9
grade band.

Approximate Duration for the Task

The entire task could takem 3 to 8 classperiods (4550 minutes each) spread out over the coursg
an instructional unit, with the divisions listed below:

Task Components A, BndC: 1-3 class periodsotal, depending on whether parts dane outside of
class.

Task Componentd, E andF: 1-3 class periodsotal, depending on whether parts are done outside
class.

Task Componen®: up to 1 class periodlepending on whether parts are done outside of class.
Task Componentt: 1-2 class period depending on whether parts are done outside of class.

Note that this timeline only refers to the approximate time a student may spend engaging in the
components, and does not reflect any instructional time that may be interwoven with this task.

Assumptions
e Teachers must be familiar with regression aledor mathematical modelingshich can be

determined using a graphing calculator or a software program such as Excel.

¢ Studentsuccessfullycompleting this task wilheed tchave studied interdependent
relationships and energy transfer in ecosystems and be cabdovtith function families and
using plotting programs to fit a line or curve to the data.

Materials Needed
e Itis assumed that students have access to graphingatats and/or a computer plotting or
spreadsheet program that allows students to input data and conduct regressions.
e Students will need to research hotegs andCCD. Access to thinternet or a set d@rticles
for students to use arnecessary.

Supplementary Resources
e Honey Bees and Colony Collapse Disorder, from U.S. Department of Agriculture Agricul
Research Service with information on CGBww.ars.usda.gov/News/docs.htm?docid=1557
e Optional video for introductory purposesww.youtube.com/watch?v=eB4HdG8he4g
U.S. Historical Population Datavww.census.gov/popest/data/historical/
e USDA National Agriculture Statistics Servisreports:
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentinfo.do?document|D=1191

Accommodations for Classroom Tasks

To accurately measure three dimensional learning of the NGSS along with CCSS for
mathematicsmodifications and/oaccommodationshould be provideduring instruction and
assessment fatudents with disabilities, English language learnerssardents who are speakers of
social or regional wvarieties ofStBmglairsh Enly
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Classroom Task

Context
It is said that one out of every three bitdgoodthat we eat comes frompgantthat was pollinated by

a bee. Honebees transfer pollesis thgg moveamong many different flowers in thesearch fo
food/pollen and account for 80% of all pollination by étés Because of their huge pollination
contribution, lumanshave come to relgn honeybeesFor example, we depend on hormeso
pollinate cropssuch as fruits, vegetables, and tree .natdeed honeybeedrivenpollination is needed
for high fruit and vegetable yieldsesulting in an estimated $15 billion increase in crop value each
year. Additionally, we use products that horleges create, such as honey and beeswax, to make
the people want and neeBor example, we use honbgevenom to make arthritis medicine.

Many honeybee colonies havexperiencea significant drop in numberd bees This phenomenon is
referred to as Colony Collapse Disord€cCD). Overall, CCD is expected thave an economiimpact
onagriculturalfood productiorthatwill significantly affect humand\s a result, gvernment agencies
and scientists from around the wodik researchinGCD. Part of that research involves identifying
bee colonies that are affected and docuimgrchanges in bee colony numbers in different geograp
areas. Another important part of thedsearchs studying the potential causes of CCD. Currently
scientistshave identifiedat least three potential causes: parasites, pestieideppor nutition of the
bees It is not yet clear if just one of thes® somecombination of thesés causing CCD In this task
you will use domestic honey bee populations (i.e., cultivated in the United States) as a model fg
honeybee ecosystem dynamics across the world. Yolyithvestigate bee colony population
numbers(2) consider factors that are affecting these numbers(3mttvelop and evaluate potential
solutions to decrease bee colony loss due to CCD.

Task Components

A. Use the provided data on honey bee populations (Attachment 1) to graph the chdusge in
(not California or South Dakotaspecific datapee colony numbermsver time on a scatterplot.
You may use a graphing or spreadsheet program to create your plot. Choose a mathen
function (linear, exponential, logarithmic, etc.) that could be used to model the change ir
populations over time for the entire timenge of the dataset (192913). Write an equation
for the function that you think best fits the entire dataset. Using only the function you cre
describe the changes in bee colony numbers ibitlited Statesver time. In your
description, maka prediction based on your functiand equatiofior how bee colony
numbers will change in the future

I. For datasets that have a lot of variability, the mathematical function serves as a simpl
explanatoofhow t he variables are related, i d
Because of this, it is important to evaluate how well the function actually represents the
changes in the data set. Consider the fit of your function to the data seé¢seamilehow well
your chosen function represents the dataBescribe(1) specific characteristics of the fit of
the equation to the datand (2) limitations or inadequacies of the fit of the equation to the
Use specific examples from your scafttot as evidence in youlescription
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B. Reconsider the scatterplot 0fS.bee colony numbers follows:Subdivide the dataset and
chooseat least two differenfiunctiorsto describe the change in bee colonies over time. W,
an equation for each of your functions. Use the functions you created to describe the ch
in the bee colony numbers over time. In your description, make a prediction based ony
functions fa how bee colony numbers will change in the future.

I. Describehow the changesver timein the bee colony numbersnd your predictions for the
future changed based on how the dataset was mathematically mo@ascribewhy you

may want to modelitferent portions of the data with different functions, aledcribevhat
this might mean for how the bee colony dateinterpreted.

C. Use the provided data on honey bee populations (Attachment 1) to graph the change in
colony numbers over time in @farnia and South Dakota on a scatterplot(s). You may use
graphing or spreadsheet program to create your plots. Choose a mathematical function
functions (linear, exponential, logarithmic, etc.) that could be used to model the change
populatbns over time in each state. Write an equation(s) for the function(s) that yobehin
fitsthe entire dataset.

I. Compare the L%, California, and South Dakota datasets. Cite specific similarities and
differences among the scatterplots andftimetions and equations that model the data. Ca
smaller scalef state datde used to understand/make predictions about the larger scale 1
for the United States? Which state would you choseséif you wanted to conduct a smalle
scale expément on bee colonies that could be used as a way to test solutions for the ch:
affectingbee colony numbers theentireU.S.? Are there any additional factors you would
need to considerPescribethe reasoning behind your answer.

D. Which parts of te U.S.honey bee colony data (193®13) that you mathematically modele
in Task Components AndB do you think represent the population fluctuations of a stable
population? Which parts of the data do you think represent an unstable change in the
population?Usingwhat you know about the limiting factors that affect populations in an
ecosystenfpredation, competition for food, competitiorr fiving space, disease, etddentify
(a) what factors you think limited the bee population and determined or defined the carry
capacity of the bee population, keeping it stable, and (b) what factotbipk caused the
drastic change in the bee populatioBsased on the functions that you defined in Task
Components AandB, at what point do you think these factors affecting the bee populatiof
changed?Describethe reasoning behind yoahoices. CitetheU.S. or state bee colony
numbers, plots, functions, and/or equatiassvidencas appropriate Also, @nsider the
pressures and influences of largeale ecosystems that honey bees are a part of and/or in
with, including the human ecosyster8ee Attachment8 and3 for a chart and scatter plots o
human population data for the3J California, and South Dakota to reference wheun e
constructing your answer.

E. Review the suspected causes of colony collapse disorder (see the A¢fsiolitural Research
Services'Honey Bees and Colony Collapse Disofderwe bpage or any ¢
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references you may find helpful). Consider the evidence that connects each suspected
CCD and any information on when these cause agents may have latmsee or problem,
such as when an invasive species may have been introdBaseld on your resezh and the
data and plots produced in previdask componentsevise yourdiscussiorfor (a) what
factors you think limited the bee populatiaand determined or defined the carrying capacit
of the bee population, keeping it stable, and (b) what factors you think caused the drasti
change in the bee populatiorBased on the functions that you defined in Task Componen
andB and the data pts, at what point do you think these factors affecting the bee populal
changed, and how does this timing relate to what is known about the timingsosfrected
cause agents?

F. Reconsider your comparison of theSl) California, and South Dakota beglany number
datasetss follows: Based on what you have learned about the suspected ca@eb ahd
through your evaluation of tHg.S.bee colony numbers dataset, revise your explanation fc
how the smaller scaled state dat@an be used to understimake predictions about the larg
scale model for the United Statdsaclude in your revision description ofvhat you think the
data suggest about whether each of the srsdigle state bee ecosystems are affected by t
same causes/stressorgsabe largelJ.S.beeecosystem.

G. Constructanargumenof how continued trends relat¢o changein bee colonynumbers
might be impacting the stability and biodiversity of ecosystantsagricultural systenis
which the bees participate. Cite your data plots, functions, and equations as efddgoae
argument and describe why they can be used as evid¥oecemay also review and cite
scientifically relevant external references and examples as evidbeseribeeffects on
ecosystems outside of the human agricultural system as well as effecthamtre
ecosystemspecifically related to food productio@learly state the boundaries and scale of
human and nchuman ecosystesthat you aredescribing.

H. Based on external researchnstruct a list of suggested solutions@&D. In your list,
include solutions that require asenew forms of technologgs well as those that are
associated with changes in beekeeping practices. Choose one abitiisas and evaluate
the solution using your understanding opptation changes and ecosyststability and any
evidence or data you may uncover in your research of the sollRiescribehow this solution
is intendedo work to decrease the effects@CD, determine how well the solution meets th
criteria and constraintbat are listed beloywand define tradeffs in instances of competing
criteria:

- The solution $ effective in decreasing the effects of CCD on bee populations

- Itis lowin cost

-ltisn”t tofpdoempl exrequire a | arge nu
- It is safe for beekeepers to use or administer

- It hasminimal effect on other species in the ecosystemvhich the bees participatg
- It addresses as many suspeatadses of CCD as possible

- It is reliable through repeated use

- It addresssany cultural, social, or aesthetic concerns of the human community i
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which the solution is being used
- If it involves technology, it is an accessible solution for beekeep#rawange of
technological knowledge and capabilities

Based on your evaluation, do you feel that the solution is a viable solution for CCD giver
constraints?Describeyour reasoning.
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Alignment and Connections of Task Components to the Standards Bundle

Task Components A, B, and C ask students tose data on honey bee colanymberdn the United
States and in individual stat@Salifornia and South Dakot#o determine which mathematical
function(9 can be used to model bee populatiand then answer questions related to the fit of the
to the functions and what the functions imply about changes in bee populations over time at diff
scales.This partiallyaddressethe NGSS performance exqtation ofHS-LS2-2 andpart @n
individual bullet from Appendix Fdf the associated practice d$ing Mathematics and
Computational Thinking andpart ofthe crosscutting concept &cale, Proportion, and Quantity.
This also partiallyaddressepart ofthe NGSS crosscutting conceptRatterns. By choosing which
functions and equations to use that will best model the datasdby digtussing the fit and
implications of the function to the dataset, studeatsdemonstrate their understandihg@arts ofthe
CCSSM content standards ¢1SF.LE.1 (addresses only the stem statement, the subparts of this
standard are not addressddyF.LE.2 (the task does not address arithmetic and geometric seque
andHSF.LE.5 (the task doenmotexplicitly requirethat the parameters of the functions will be
specifically addressédMore fully addressedrethe CCSSM content standartlSS.1D.6 andthe
CCSSM practices oMP.2 andMP.4. Theunderstandingf the change in bee populations in these
task componetsis enhanced by the modeling of the datasets, particularly the parts where the fuf
changes in the populations may be different depending on the function chosen, while the need
consider multiple models for the science dataset provides an opppttuttieck fora st ud e n
to decide what type of function to use, to discuss the importance of the fit of the data, and to de
the modeled relationshipgiven a realistic contexin order to describe, explain, compare and contr,
evaluate, and make predictions based on these data, stadériss parts &LA/Literacy standards
RST.11-12.2, R1.11-12.7, RST.11-12.7, andRST.11-12.9, reading informational text and &d.11-
12.9 amd WHST.11-12.9, drawing evidence from informational texts to support writing.

Task Components D, E, and F ask students to consider factors affecting bee populations (stable
unstable changes), following the modeled relationships of bee populatiogeshaver time, to
consider potential caadactors ofCCD, and therto revise their explanation of factors affecting the
bees based on the new information and how it matches the modeled relatiombispzartially
assesses the NGSS performance expectatibi$-dfS2-2 andparts ofthe associatedore ideas of
LS2.A: Interdependent Relationships in Ecosystems andLS2.C: Ecosystem Dynamics,
Functioning, and Resilience (as they relate to HS-LS2-2, HS-L.S2-6, and HS-LS2-7), part of the
practices of Obtaining, Evaluating, and Communicating Information andUsing Mathematics and
Computational Thinking, andpart ofthe crosscutting concept &cale, Proportion, and Quantity.
This also partially assesgeart ofthe NGSS crosscutting conceptsPatterns, Cause and Effect and
Stability and Change (as it relates to HS-L.S2-6). By using modeled relationships to consider and
discuss the connection between the data and causes for population changes, styotmies! s
assessed on the CG8Bcontent standarHS-S-1C.6, and theCCSSM practices oMP.2 andMP.3,
which further enhances assessment of the science standards. When students must review sus
causes of CCD, they are partiafigddressingart ofthe NGSS practice @btaining, Evaluating, and
Communicating Information. By reviewing both primary and secondary source information and
considering evidence to evaluate and support cause/effect claims, students arequidtislsinghe
CCSS ELA/Literacy standardRST.11-12.2, R1.11-12.7, RST.11-12.7, andRST.11-12.9, reading
informational text; and by reviewing web resources or other relevant external references studen
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partially addressingV.11-12.9 andWHST.11-12.9, drawing evidence &m informational texts to
support writing.

Task Component G asks students toonsider andlescribenow changes in bee populations will affe
the ecosystems in which bees participathis partiallyaddressethe NGSS performance expectatio
of HS-LS2-2 andpart ofthe associatedore idea oL.S2.C: Ecosystem Dynamics, Functioning, and
Resilience. This also partialladdressepart ofthe NGSS practice d&&ngaging in Argument from
Evidence; part ofthe crosscutting concepts 8tfability and Change, Cause and Effect, andSystems
and Systems Models; andpart ofthe core idea dfS4.D: Biodiversity and Humans, particularly
when students discsishe effecbf bee population changes on the human ecosy&gmeviewing and
citing both primary and secongasource information, studerdgemonstrate the understanding of pa
of theELA/Literacy standardRST.11-12.2, RI.11-12.7, RST.11-12.7, andRST.11-12.9, reading
informational text and ow.11-12.9 andWHST.11-12.9, drawing evidence from informational texo
support writing. By reviewing and citing scientifically relevant external references, students are
partially addressingV.11-12.7 andWHST.11-12.7, conducting short research projects.

Task Component H asks students tesearch solutions to the CG&3ues, to evaluate one of the
possible solutions using the provided criteria (including technological solutions and potential tra
and to comment on the viability of the solution for CCD. H®udresses several paofshe NGSS
performance expectation bIS-ETS1-3 through an integration gfart ofthe core idea 0ETS1.B:
Developing Possible Solutions; part ofthe practice o€onstructing Explanations and Designing
Solutions, andpart ofthe connection to engineeringchnology, and applications of science of
Influence of Science, Engineering, and Technology on Society and the Natural World. This also
partially addressepart ofthe NGSS core idea &fS4.D: Biodiversity and Humans. By conducting
external research to construct a list of suggested solutions, stpddidaly addres¥V.11-12.7 and
WHST.11-12.7, conducting short research projectsR81T.11-12.2, R1.11-12.7, RST.11-12.7, and
RST.11-12.9, reading informational text; armh W.11-12.9 andWHST.11-12.9, drawing evidence
from informational texts to support writing.

Together,Task Components A, B, C, D, E, F, and G address all parthe NGSS performance
expectation 0HS-LS2-2 in this context The task componenggldresandintegrateparts ofthecore
ideas ofLS2.A: Interdependent Relationships in Ecosystems andLS2.C: Ecosystem Dynamics,
Functioning, and Resilience (as they relate to HS-LS2-2, HS-LS2-6, and HS-LS2-7); part ofthe
practice ofUsing Mathematics and Computational Thinking, andpart ofthecrosscutting concept o
Scale, Proportion, and Quantity by using functions of bee population data at two different scales
(United Stateandindividual states) talescribehow population changes associated with nérma
population stressors and potential causes of CCD affected the ecosystem of a bee colony and
ecosystems in which bees participate.
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Evidence Statements:

1

T

T

1

Task Component A

Task Component B

Students identify thenathematical function family that begs theentire dataset, angrite an
equation to represent the data that fits within that function family.
Students describe thiatain terms ofthe equatiortheyproduced (e.gdecreasing linearly with
a slope of...), and preddifuture changes in bee colonymberghatreflect the numbers
identified byextendinghe equation line beyond year 2013.
I. Students make statement about how well the function represents the data set
I. Students describany of the followingas evidence:
o0 places where the patteafithe equation matches the pattern of the @&ata, both
increasing linearly)
0 places where the pattern of the equatioes not matcthe pattern of the data
o places where the data are located far from the equation line (a poor fit)
0 places where the dasae located near or along the equation line (a good fit)
I. Students connect the evidence to their statement of how well the function represents t
datasetexplicitly describing some of the following reasoning
0 Because the pattern does not match gllast of the data, the equation does not
represent the dataset well.
0 Because the data points are located far from the equation line in part of or all of {
plot, the equation does not represent the dataset well.
0 Because the pattern matches all or a laagégn of the data, the equation represent
the dataset well.
0 Because the data points are located near or along the equation line in parts or al
plot, the equation represents the dataset well.

Students identify thenathematical function families that béistthe subdivided dataseind
write equationghat fit within those function familie® represent each subset of tiata.
Students describe thiata following the equatiatieyproduced for the part of the dagashat
includes 2013, and tlggredict future changes in bee colony numlieasreflect the numbers
identified by the extension of that equation line beyond year 2013.
I. Students describdeow the number of colonies changed over time was different when
different parts of the dataset could be modeled using different functions (the degree of
difference will depend on thetudent's choice of functions and equations).
I. Students include one of the following ideas in theiscriptionof the changes
0 Theprediction for the future was similar or the same (&gth decreasing).
0 The prediction for the future was different (ea@ne continuing to decrease and the
other leveling off to relatively unchanging numbers).
I. Students identify and describgidene from the scatterplot&xamples include the
following:
0 Where the dataset is modeled with two different equations, the mathematical
relationship describing the change in bee colonies is different.
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o When modeled with two equations, there is better fit between the equations and
data.

o Part of the datasets are described by the same type of function, but the equation
not exactly the same.

9 1. Studentslescribe theireasoing about howchangesd the functbns describing the dataset
are related to the following

0 A change in the interpretation of the how the bee colonies changed over time.

o How the prediction for the future stayed nearly the same or different.

0 How a section of the dataset may bédremodeled if the dataset is subdivided, eve
the prediction for the future is not that different (gbgtter fit in earlier decades).

Task Component C
1 Students identify thenathematical function family/families that best fitésjch state dataset
and writeequations thdit within those function families teepresent the datase
1 1. Intheircomparisonstudentsnclude a statement that the California dataset (plots,
functions, and/or equations) is similar to thé. datasetwhile the South Dakota dataset is
different.
1 1. Students identify and describe,eagdencea comparison of observations betweenuh®.
dataset and each of the state dataEs@mples includ¢he following:
o Both theU.S.and California datasets shovdecreasing trend (linear, etc.) in more
recent years.
o0 While theU.S.dataset shows a decreasing trend in the more recent years, the Sq
Dakota dataset shows an increasing trend.

1 1. Studentexplicitly describe theireasoing thatthe usefulness of ttetate scale for
understanding, predicting or testing changes to the bee populationdJaitde: Statescale is
dependent on how similar the changes in bee populations are between the state scale a
United Statescale and how similar the variatidn the data sets arExamples includ¢he
following:

0 Because the California dataset is most similar tdJtl$dataset, the factors affecting
the population are probably similar, so it may be used as a smaller scale model (
U.S.ecosystem to make predictions of the future of bee populations or to test sol
for CCD.

0 Because the South Dakota dataset is diffdrent the U.S. datasethe factors
affecting the population are probably different, so it should not be used as a smal
scale model of th&).S. ecosystem to make predictions of the future of bee populat
or to test solutions for CCD.

1 I In their reasoning, students inckithat although smallexcale studies might be done in a
single state, the variation in theSJdata has contributions from a nhumber of states, so fac
that affect the data trends in multiple states are important contributors. Students reason
comprisons of the statievel data sets, and determining the factors contributing to CCD &
those levels, may help parse the relative contributions of those factors to CCD & thealéd.
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Task Component D
1 Students identifyime spas between 1939 an2013 thatrepresentluctuations of a stable

population(e.g, 1945-1965)andfluctuaions of an unstable populati¢e.g, 1965-2013).

9 Students connethe identifiedyeas of stable and unstable population changeahkedeatures
of the plot,function(s), and/or equations.

9 Studentsncludereasoing for why the cited features on the graph represent stable/unstab
changes in the populatioRor example:

0 The linear function that describes the change in population betweemd®2965 has
a smd, relatively flat slope, which indicates that there was little change in the
population over that time period, so it was most likely stable.

o0 The liner function that describes the change in population betweerah8@813 has
a decreasing slop@ thistime period human populations were increasing, but the |
populations were decreasing in what was probably an unstable change.

1 Studentsdentify factors (predation, competition for food, competition for living space, dis
etc.) that limited the bee population during times of population staluktfyning its carrying
capacity

9 Studentsdentify factors that are causing unstable changes dthimtjimes of instability.

1 Students describe the®asoning behind the choices for why a specific factor was chosen
the cause of stable population changes versus unstable population changes. For examp

o0 Predation and disease are causes of ungtaplalation changes if the predation is
from a new predator or a new diseasiatroduced.

o Competition for food and living space are causes of stable population changes b
the number of bees would only be as high as is possible given the food ausgdnie
that there is available.

9 Students identifya time period(siluring which the factors affecting the bee populations
changed, and cite the changes in the functions that model the dataset as evidence for t
of dates.

Task Component E

1 Studentbtain information from at least two sources, and evaluate both the information
sources for credibility.

1 Intherevision studentsdentify anddescribe a&onnedion betweerone of the suspected caus
of CCDandthe causes of the unstable populattbangdrom the original explanatian

1 Studentsiescribenvhy a specific factor was chosen todeause of a stable or unstable
population changencluding reasoning associated with the addition of suspected causes (
CCD.

1 Studentsiescribethe possiblerelationship betweethe timing of suspected causasdthe
modeled functions and/or the interpretation of which parts of the dataset represent stabl
unstable changes, includidgscribinga specificrelationshipbetween the introduction of a
suspeatd cause of CCD in the bee ecosystem and the cited timing of the change in bee
populations from stable to unstable (gtige introduction of th&arroa mite in the 1980s or th
growing use ofieonicotinoid pesticides in the 1990s).
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Task Component F
1 Students update or revise their comparisoimclude a comparison of the timing of the
transition from stable to unstable population change betWegad Statesnd state datasets,
including whether the timing of specific causes of CCD can also be ltokbeé state datasets
9 Intheir revised comparison, studeimslude the reasoning that:

0 Decreasing colony numbsin California are more likely to reflect the effects of CC
(similar to theU.S. population), so the state could be used as a smaller scale
representative of thd.S. population, although the California data does not look
exactly like the US population data.

0 Increasing colony numbers in South Dakota are more likely to show that CCD m
be affecting those colonies, gee state would not be a good smaller scale
representative of thd.S. population.

Task Component G
1 Studentsnake tke claim that the decreasing trend in bee colony humbers may lead to a

corresponding decrease in the stability and biodiversity of the ecosystavhich they
participate.

9 Studentsdentify the boundaries and scale of the human aneéhuoman ecosystemiscussed
as examples.

1 Students identifevidence that shows or connects decreasing bee numbers with a
corresponding decrease or loss of spdai@enother ecosystefdominantly noFhuman)in
which they participate (e.gne result ofewer beesvould bedecreased pollinatigavhich
may lead to fewer plant seeds and an overall decrease or loss in the plant populations).

1 Students identifgvidencehat shows or connects decreasing bee numbers with a
corresponding change in the amount, types, or cost of fruit/produce widbimiaantlyhuman
ecosystem (e.gfewer bee colonies are available for rent, so the cost of bee hive rental
increasesnd the cost of fruit goes up).

1 Students evaluate the evidence for relevance and sufficiency to support the claim, and i
any weaknesseés the evidence.

9 Students use the evidence and their evaluatidegoribereasming that because species
numbes decrease or are lost, the biodiversity may decrease and the ecosystem in which
bees participate may become unstable.

Task Component H

9 Students constructlest of suggested solutions for CCBnd identifyone solution as the
solution to beevaluated.

9 Studentsvaluaé the identified solutiorincluding adescriptionof how the solution works to
decrease the effects of CCD.

1 Intheir evaluation of the solution, students identibyv well the solution meets each of the
listed criteria andonstraintsanddescribe logicateasoing for why the solution meets those
criteria and constraints.

1 In their evaluation of the solution, studeiasntify tradeoffs betweercompeting criteriand
constraints, andescribeeasoing for why one criteidn or constraint is met over another.
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1 Studentgite anddescribeexternally sourcedataor scientificknowledgeas evidence in
supportfor why a criterion or constraint is or is not met.

1 Studentgprovide a single final statement on the viability of the solution for CCD given all
the criteria and constraints and any reasoning or examples.
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Attachment 1. Number of Honey Bee Colonies in the United States, California, South Dakota
Reported from Producers with Greater than Five Colonies (1939-2013)

Number of Bee Colonies Number of Bee Colonies
(in thousands) (in thousands)

South United South United
Year | California | Dakota States Year | California | Dakota States
1939 380 13 4422 (continued)
1940 380 14 4350 1977 525 165 4346
1941 395 14 4477 1978 504 171 4081
1942 435 17 4893 1979 504 204 4155
1943 448 18 4887 1980 504 220 4141
1944 470 18 5217 1981 500 180 4213
1945 470 16 5460 1986 520 201 3205
1946 461 18 5787 1987 500 250 3190
1947 470 18 5916 1988 520 245 3186
1948 442 17 5724 1989 535 230 3311
1949 438 16 5591 1990 480 245 3188
1950 451 15 5612 1991 520 225 3200
1951 487 17 5559 1992 470 240 3030
1952 521 19 5493 1993 500 245 2876
1953 537 23 5520 1994 400 260 2770
1954 537 24 5451 1995 420 240 2647
1955 537 35 5300 1996 390 240 2566
1956 548 36 5296 1997 400 240 2579
1957 559 40 5365 1998 450 225 2633
1958 559 49 5381 1999 505 224 2688
1959 570 59 5402 2000 440 235 2634
1960 564 67 5396 2001 425 235 2513
1961 581 74 5507 2002 440 225 2524
1962 587 83 5498 2003 480 200 2590
1963 599 89 5530 2004 390 215 2556
1964 599 96 5600 2005 400 220 2410
1965 605 92 5556 2006 380 225 2932
1966 559 95 4766 2007 340 255 2442
1967 559 101 4815 2008 360 225 2301
1968 565 104 4770 2009 355 270 2462
1969 559 110 4762 2010 410 265 2684
1973 500 131 4103 2011 370 250 2491
1974 500 148 4195 2012 340 270 2624
1975 500 158 4163 2013 330 265 2640

Data are compiled from the United States Department of Agriculture National Agriculture Statistics
Servicebos fiHoney -P9®d0dds)iamd (-HOHOBGS):(1O6PODES
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentinfo.do?documentiD=1191
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentinfo.do?documentID=1670
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http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1191
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1670

Attachment 2. Human Population for the United States, California, and South Dakota (1939-2012)

Human Population (in thousands) Human Population (in thousands)
South United South United
Year | California | Dakota | States Year | California | Dakota | States
1939 6785 645 130880 (continued)
1940 6950 641 132122 1977 22352 688 220239
1941 7237 613 133402 1978 22836 689 222585
1942 7735 589 134860 1979 23257 688 225055
1943 8506 587 136739 1980 23668 691 227225
1944 8945 565 138397 1981 24286 690 229466
1945 9344 579 139928 1982 24820 691 231664
1946 9559 588 141389 1983 25360 693 233792
1947 9832 601 144126 1984 25844 697 235825
1948 10064 612 146631 1985 26441 698 237924
1949 10337 631 149188 1986 27102 696 240133
1950 10677 653 152271 1987 27777 696 242289
1951 11134 655 154878 1988 28464 698 244499
1952 11635 651 157553 1989 29218 697 246819
1953 12251 648 160184 1990 29760 696 249464
1954 12746 655 163026 1991 30414 701 252153
1955 13133 663 165931 1992 30876 709 255030
1956 13713 670 168903 1993 31147 716 257783
1957 14264 666 171984 1994 31317 723 260327
1958 14880 656 174882 1995 31494 728 262803
1959 15467 667 177830 1996 31781 731 265229
1960 15717 681 180671 1997 32218 731 267784
1961 16497 693 183691 1998 32683 731 270248
1962 17072 705 186538 1999 33145 733 272691
1963 17668 708 189242 2000 33999 756 282172
1964 | 18151 701 191889 2001 | 34507 759 285040
1965 | 18585 692 194303 2002 | 34916 762 287727
1966 | 18858 683 196560 2003 | 35307 766 290211
1967 | 19176 671 198712 2004 | 35630 774 292892
1968 19394 669 200706 2005 35885 779 295561
1969 | 19711 668 202677 2006 | 36121 787 298363
1970 19953 666 205052 2007 36378 796 301290
1971 | 20346 671 207661 2008 | 36757 804 304060
1972 20585 677 209896 2009 36962 812 307007
1973 | 20869 679 211909 2010 | 37334 816 309330
1974 | 21174 680 213854 2011 | 37684 824 311592
1975 21538 681 215973 2012 38041 833 313914
1976 21936 686 218035

US Historical Population Data was compiled from: https://www.census.gov/popest/data/historical/
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Attachment 3. Human Population Graphs: United States, California, and South Dakota (1939-

2012)
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Sample Answer Plots

Number of Honey Bee Colonies Graphs: United States, California and South Dakota (1939-2013)
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