Common District Assessment Cover Sheet
M.S.A.D. #49

Discipline; Science
Grade level/Course Title: 10th Grade/General Biology, Lab Biology, Honors Biology
Assessment Title: Carrying Capacity

Pacing: 10 days during Ecology/Populations Unit

Assessment Type: Constructed Response

Core Standard: NGSS LS 2-1 Use mathematical and/or computational representations to
suppoit explanations of factors that affect carrying capacity of ecosystems at different scales.

Assessment Summary: 18 long answer science questions, math (not assessed but can be done to
complete doubling time and averages, graph of human population)

Suggested Assessment Time Frame: 2 days

Materials and Resources: CDA, graph paper, calculators

Required Prior Instruction: The factors impacting the size of animal populations should be
covered. Ways to control populations and places on planet having population issues covered.
Many students have had a social studies unit that covers some of these questions so it is good
review. Suggested Activities: Population! The Board Game, Bill Nye population video,
Research two countries assignment, Forest Biological Inventory Lab (2 classes) Invasive
Species Project, Easter Island Article.

Suggested Prior Instructional Time: 10 days

Teacher Directions for Assessment Administration: Depending on level and timeframe,

teachers can walk the students through the math parts as a class, provide a pre-made human
population graph (general or lab biology) or choose to have students complete the math and
graphs independently (honors bio). The math is not part of the rubric/standard’s 1,2,3,4 grade.
The 18 science questions are the ones assessed for the rubric. Teachers should use the Instructor
Rubric as they grade the work and check-off which concepts the students cover in their answers.
Do not hand out the Instructor Rubrie, but staple to student’s assessment afier recording grade.






Commeon District Assessment
NGSS HS-LS 2-1

Biology: Carrying Capacity
Revised 3/10/2016

NGSS LS 2-1 Use mathematical and/or computational representations to support explanations
of factors that affect carrying capacity of ecosystems at different scales.

Population Growth Lab

Introduction: Carrying capacity is the maximum population a given environment can support. Doubling
time is the number of years required for a population to double its size. In this lab you will compare the
growth of two populations and examine the roles played by carrying capacity, doubling time, and the factors
that affect the population size.

Part A: Reindeer Population

Background Information: In 1911, 25 reindeer (4 males and 21 females) were brought to Saint Paul
Island, off the coast of Alaska. Saint Paul Island is approximately 41 square miles and more than 200 miles
out in the ocean from Alaska. On Saint Paul Island, there were no predators of the reindeer, and no hunting
of reindeer was allowed. The graph below indicates what happened to the reindeer population on the island
between 1911 and 1950. Use the graph to answer the Data Questions.
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Data Questions: Refer to the graph to help you answer 1-6.

(2]

ocnwme

A,

What was the size of the population at the beginning of this study?

What was the size of the population in 1920?

What was the difference in the number of reindeer between 1911 and 19207
What was the average yearly increase in population between 1911 and 19207

What was the difference in the population between 1920 and 1930?

B. What was the average yearly increase from 1920 to 19307

3. What was the average yearly increase between 1930 and 19387

4. During the three different periods (1911-1920, 1920-1930, and 1930-1938), which period had the
greatest increase in reindeer?

5. A. What was the greatest number of reindeer found on Saint Paul Island between 1910 and 19507

B.

In what year did that number occur?

6. In 1950, only 8 reindeer were still alive. What was the average yearly decrease in the population
between 1938 and 19507






Assessment Questions: Remember what you need to do to meet and exceed the standard. The
questions below must be answered on lined paper. Use complete sentences and explain each
question. Read the opening Background Information again and use the graph to help you.

I. Could immigration or emigration have played a major factor in determining the total population size of
the reindeer herd after they were introduced to Saint Paul Island? Explain your answer.

2. What might account for the tremendous increase in the population of the reindeer between 1930-1938 as
compared to the growth rate during the first few years the reindeer were on the island?

3. What effect might 2000 deer have on the vegetation of the island?

4. Consider all the factors an organism requires to live. What might have happened on the island to cause
the change in the population between 1938 to 19507

5. In 1950, 8 reindeer were still alive. If some of those were males and some were females, what do you
predict would happen to the population in the next few years?

6. A. Beginning in 1911, when did that population double?

B. Now do the same for the population in that year, when did it double? Continue until it does not double
again, list those years.

C. List the time (in years) it took to double each time.

D. What happened to the doubling time between 1911 and 19387

7. What evidence is there to indicate that the deer had exceeded the island’s carrying capacity?

8. A. What conclusions can you draw about a population that has uncontrolled growth?
B. What difference would you expect if a predator were present or if hunting were allowed?






Part B: Human Population

Procedure;
I. Using graph paper and the table below, set up a human population growth graph.

Human Population Growth

Date Human Population Date Human Population
(A.D) (Millions) (A.D) {Millions)
1 250 1930 2070
1000 280 1940 2300
1200 384 1950 2500
1500 427 1960 3000
1650 470 (The Black Plague) 1975 4080
1750 694 1980 4450
1850 1100 1985 4850
1900 1600 2010 (see #3 below)
1920 1800

Continue graphing 1930 -2010

2. Use your graph to answer the question
A. How many years did it take the population of 1 A.D. to double?
B.  Is the amount of time it takes the human population to double increasing or decreasing?

C. What does that tell you about how fast the human population is growing?
3. Extend your graph to the year 2010. What do you estimate the human population will be that year?

4. Use the equation below to estimate the doubling time for the current population based on the
population growth from 1980 to 1985. In what year will the present population double?

Show your math:
(Population in 1985 — population in 1980) X 100

A. Rate of growth =
(population in 1980 X 5)

70

B. Doubling time (years) =
Rate of growth (plug in answer from A)

C. What year will 1985°s population size of 4850 million double to 9700 million 2






Discussion Questions:
Note: Answer these on lined paper.

1. Explain at least two similarities you see between the reindeer population graph and the human
population graph?

2. What are the three or four most important factors required to sustain (support) a population?
3. A. Explain how the earth similar to an island such as Saint Paul?
{(provide at least two similarities)
B. Does the earth have a carrying capacity? Explain your answer.

4. What might happen to the population of humans on earth if the present growth continues?

5. A. Provide at least three ways to reduce the growth rate of the human population?
B. In your opinion, which of those methods would be most acceptable to society?

6. Cite a city or country (outside the United States) where population growth is a problem today.
What problems does that place have?

7. Cite a place within the United States where population growth is a problem today.
What problems does that place have?

8. Cite a place in the world where population growth is not a problem today. Why is it not a problem?
9. Explain two environmental problems that happen when there is a high human population?

10. What everyday steps can humans take to prevent a human population crash?






Student’s Rubric

Common District Assessment

NGSS HS-LS 2-1

Biology: Carrying Capacity

Revised 3/10/2016

After the population study and completion of the lab report, identification of the factors that affect population

size is explained.

NGSS LS 2-1-- Factors Affecting Carrying Capacity

Use mathematical
and/or
computational
representations to
support
explanations
of factors that
affect carrying
capacity of
ecosystems at
different scales.

DOES NOT
MEET

PARTIALLY
MEETS

MEETS

EXCEEDS

Correctly explains
5 or fewer factors
that affect
population size.

Correctly explains

6-9 of the factors

that affect
population size.

Correctly explains
10-12 of the
factors that affect
population size.

Correctly explains

13 or more

factors that affect
population size.







Common District Assessment

NGSS HS-LS 2-1

Biology: Carrying Capacity

Instructor’s Rubric

Revised 3/10/2016

After the population study and completion of the lab report, identification of the factors that affect population

size is explained.

NGSS LS 2-1-- Factors Affecting Carrying Capacity

Use mathematical
and/or
computational
representations to
support
explanations

of factors that
affect carrying
capacity of
ecosystems at
different scales.

DOES NOT
MEET

PARTIALLY
MEETS

MEETS

EXCEEDS

Correctly explains

fewer than 5

factors that affect
population size.

Correctly explains
6-9 factors that

affect population
size.

Correctly explains
10-12 factors that
affect population
size.

Correctly explains
13 or more

factors that affect
population size.

Students comprehend these concepts (check as many that apply)

___ Immigration/Emigration/Hunting/Predators

not a factor in reindeer part

___Natality
___ Mortality

___Food and Water Supply/Famine
_ Carrying Capacity understood

___ Hunting or Predators will help balance the

population

_ Weather /Natural Disasters
___ Shelter/Space/Breeding Grounds
__ Ratio of Males to Females

___ Birth control
__ Education

__ Pollution

__ Immigration and Emigration

____Natural Resources depleted
___Environmental health
____Habitat Loss

Disease

_ War

___ Supply and Demand

___ What methods we can do to extend carrying

capacity

- recycle, less consumption, become vegetarians

Other concepts understood:
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(Duse the graph to help you.
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Population Growth-Reindeer Assessment Quesions: Remembdr whaaou lr}qed to do to meet and exceed the
standard, Use complete sentences and explain each question, Read the opening Bacltground Information again and

1, Could iminigration or emigration have played a major factor in determining the totai population size of the reindeer
herd ater they were introduced ta Saint Pau) Island? Explain your answer,

L =5lond,

WO oS NS O L BTN an |

2. What might account for the tremendous increase in the population of the reindeer between 1930-1938, as compared to the
growth rate during the first few years the reindeer were on the island?

The more ve\r\{\-qr Here acw —Hf\,_ 1AV a8 W (‘—c.pro rl[_}c_é,

3. What effect might 2000 deer have on the vegetatlop of the island?

SF Y R \Jesy one v TSlowd Loould %° Aot c&rc.mo;\’\‘ca‘ul
With @\ e colndagr, =%

+. Consider all the factors an organism requires to live, What might have happened on the island to cause the change in
the population between 1938 to 19507

The TSlard, reochay i15'S Canrry i Coppread Qe DssQ
m?:r&w The iSland GO nab ;?;-por-h Braugh \;6%;),‘,9@,\
OM - '

5. In 1950, B reindeer were still alive, If some of those were males and some were females, what do you predict woutd
happen to the population in the next few yoars?
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Bach o

Ga. Bcginning in 1911, when did that population double?

pypyr e
193 1D e

bh. Now do the same for the population in that year, when did it double? Continue until it does not double again, list those
years,

D TR S TV A P . e L G U U,

ol

6c. List the time (in years) it took to double each time.

6d. What happened to the deubling time between 1911 and 19387




7. What evidence is there to indicate that the deer had exceeded the island’s carrying capacity?
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8a. What conclusions can you draw about a population that has uncontrolled growth?
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Population Growth-Humans Assessment Questions: Remember what you need to do to meet and exceed the
and explain each yuestion, Read the opening Baclgraund Information again and

standard. Use complete sentences
use the graph to help you,

Y|l What simil.arities do you see between the reindeer papulation graph and the human populatmgngn;ph?

2. What are the three or four most important factors required ta sustain a population?

" c.d:e:
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LAoeTe D
C 3a. fn what ways is the Earth similar to an island such as St. Paul? (provide at least two similarities)

L/ m\{ Bob~ Use aWalb o (e Sanre S

o Ve PPuldion 9 F

3b. Does the Earth have a carrying capacity? Explain your answer>

Yes R course wuery Vinee e, Quevatvall L
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LI

i . What might happen to the population of humans on carth if the present growth continues?
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5% Provide at{east three ways to reduce the growth rate of the human populatfon?
' L_)kaf\ “ __J_) v ﬁ T R
I (_JP ij/' ) |/|' ,l' cm (----ht L' r}a‘du"' - S * ~~%

b, In your opinion, which of those methods would be most acceptable to society?
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) where population growth is a prablem taday. What problems does

0. Cite a city or country (outside the United States
that place have?
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have?

7. Cite a place

within the United States where population

growth is a problem today. What problems does that place
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¢ world where population prowth is nota problem today. Whyisi

t not a problem?

8. Cite a place in th
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0, Explain two environmental problems that happen when thereisa high humpn population? _
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s-talee to prevent human population crash?
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After the population study and completion of the lab report, identification of t

size is explained.

Shldent;s Rubric :

Common District Assessment

NGSS HS-LS 2-|

Biology: Carrying Capacity

Revised 3/10/2016

he factors that affect population

NGSS LS 2-1-- Factors Affecting Carrying Capacity

Use mathematical
and/or
computational
representations to
support
explanations
of factors that
affect carrying
capacity of
ecosystems at

differgnt scales.
1)

DOES NOT

PARTIALLY MEETS EXCEEDS
MEET MEETS
Correctly explains | Correctly explains | Correctly Correctly explains
4 or fewer factors | 57 of the factors | explains 8-11of | 12 or more
l!:)atlzzei;:l size that affect the factors that - factors that affect
pop ’ population size, a:;fect population population size.
size,
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I/\A“€€ % o Biology: Carrying Capacity

Revised 3/10/2016

NGSS LS 2-1 Use mathematical and/or computational representations to support explanations
of factors that affect carrying capacity of ecosystemns at different scales.

ulatio wvith La

Introduction: Carrying capacity is the maxinum population a given environment can support. Doubling
lime is the number of years required for a Population to double its size. In this lab you will compare the
growth of two populations and examine the roles played by carrying capacity, doubling time, and the factors
that affect the population size.

a : b ]

Background Information; In 1911, 25 reindeer (4 males and 21 females) were brought to Saint Paul Ishnd,
offthe coast of Alaska. Saint Paul Iskind is approximately 41 square miles and more than 200 miles out in

the ocean ffom Alnska. On Saint Paul Island, there were no predators ofthe reindeer, and no hunting of
rendeer was allowed. The graph below indicates what happened to the reindeer population on the island

between 1911 and 1950. Use the graph to answer the Data Questions,
»
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Data Questions: Refer to the graph to help you answer 1-6.

o/ {. A Whatwas the size of the population at the begmnmg o\fthls study? 6] Lj
" B. Whatwas the size of the population in 1920?

C. What was the difference in the number of reindeer between 1911 and 19207 l ' ‘3

Lt

D. What was the average yearly increase in population between 1911 and 15207 |

2. A. Whatwas the difference in the population between 1520 and 19307 /OCO
B. What was the average yearly increase fom 1920 to 19307

3.  What was the average yearly increase between 1930 and 19387 fi 2(:( )

4. During the three different periods (191 1-1920, 1920-1930, and 1930-1938), which period had the
test | in reindeer? 3 I 2 Eer RN
greatest mcrease m remaee \ q—;DD _ \(\ :?J C,

5. A. What was the greatest munber of reindeer found on Samt Paul Island between 1910 and 19507

B. Inwhat year did that number occur? ‘ L e {"’

S

6. In 1950, only 8 reindeer were still alive, What was the average yearly decrease in the population

") between 1938 and 19507

o

LS L EERE A S m R Mt @ WP PSS FHER WL RS ] SR et rmpes s o m S el S Sy Sy Bimy b me T
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Assessment ¢ Juestions: Remember what you need to do to meet and exceed the standard. The
questions below must be answered on lined paper. Use complete sentences and explain each
{ ) question. Read the opening Background Information again and use the graph to help you.
L. Could immigration or erigration have played a major factor in determining population size of the reindeer
herd after they were introduced to Saint Paui? Explain your answer,

2. What might account for the tremendous increase in the population of the reindeer between 1930-1938 as
compared to the growth rate during the first few years the reindeer were on the island?

3. What effect might 2000 deer have on the vegetation of the island?

4. Consider all the factors an Organism requires to live. What might have happened on the island to cause
the change in the population between 1938 to 19507 -

5. In 1950, 8 reindeer were still alive, If some of those were males and some were fermales, what do you
predict would happen to the population in the next few years?

6. A. Beginning in 1911, when did that population double?

B. Now do the same for the population in that year, when did it double? Continue until it does not double
' ) again, list those years.

C. List the time (in years) it took to double each time,
9 D. What happened to the doubling time between 1911 and 19387

7. What evidence is there to indicate that the deer had exceeded the island’s carrying capacity?

8. A. What conclusions can you draw about a population that has uncontrolled growth?
B. What difference would you expect if a predator were present or if hunting were allowed?



Part B: Human Population

3 1. Using graph paper and the table below, setup a human population growth graph.

e R O AR . SR e
Date Human Population Date Human Population
(AD.) (Millions) (A.D.) (Miilions)
1 250 1930 2070
1000 280 1940 2300
1200 334 1950 2500
1500 427 1960 3000
1650 470 (The Black Plague) 1975 4080
1750 694 1980 4450
1850 1100 1985 .] 4850
1900 - - - 2 1600 77 e o2 2010 g jr (see #3 below)
1920 1800
Contime graphing 1930 -2010

2. Use your graph to answer the question . o
A. How many years did it take the population of 1 A.D. to double? SR A
B. Is the amount oftime it takes the human population to double increasing or decreasing?

e W CCEO= (OO

[ 2y : : . e 4

) C. What does-that tell you about how fast the human population is growing? !7= =l bt
3. E}em our graph to the year 2010. What do you estimate the human population will be that year? @
RS HE T

- mas +

4, Use the equation below to estimate the doubling time for the current population based on the
population growth from 1980 to 1985 { In what year will the present population double? ‘¥

4g=0 - UUE0YALO

Show your math: \ ( : :
(Population i 1985 — pupulation in 1930) X 100 ’ O ,.r _!O g
A. Rate of growth= TS ' o
 (populationin 1980 X 5) oot

(0T ¢ ”
70 '

. BDﬂublﬂlgiﬁB(y_‘em): R e e A B e T s v o e 1R ....:'.. .."'5 -
Rate of growth (pll.lgina.rs,gler fom A}, -
‘ 1

C. What year will 1985's population size 04850 milion double to 9700 millior ? Y/ Y' ] )

-

)



2

Note: Answer these on lined paper.

1. Explain at least two similarities you see between the reindeer population graph and the hurnan
population graph?

2.  What are the three or four most important fictors required to sustain (support) a population?

3. A. Exphin how the earth similar to an island such as Saint Paul?
(provide at least two similarities)

B. Does the earth have a carrying capacity? Explain your answer.
4. What might happen to the population of humans on earth if the present prowth continues?

5. A. Provide at least three ways to reduce the growth rate of the human population?
B. In your opinion, which of those methods would be most acceptable to society?

6. Cite a city or country (outside the United States) where population growth is a problem today.
What problems does that place have?

7. Cite a place within the United States where population growth is a problem today.
What problems does that place have?

8. Cite a place in the world where population growth is not a problem today. Why & it not a problem?
9. Explain two environmental problems that happen when there is a high human population?

10. What everyday steps can humans take to prevent a human population crash?



Student’s Rubric

Common District Assessment

NGSS HS-LS 2-

Biology: Carrying Capacity

Revised 3/10/2016

After the population study and cormpletion of the Iab report, identification of the factors that affect
population size is explained.

NGSS LS 2-1- Factors Affecting Carrying Capacity

Use mathematical
and/or
computational
representations to
support
explanations

of factors that
affect carrymg
capacity of
ecosystems at
differcnt scales.

DOES NOT PARTIALLY MEETS EXCEEDS

MEET MEETS

Correctly explains Comectly explains | Correctly Correctly explains

4 or fewer fictors | 5.7 ofthe factors | xplains 8-11 of | 12 or more

thjtﬁ:‘ size that affect the factors that factors that affect

pop ’ population size. aifzf:ct population | 5, hulation size.
size,
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Population Growth-Reindeer Assessment Quesions: Remember what younéed to do to meet and exceed the

standard. Use comnplete sentences and explain each question, Read the opening Background Information again and
use the graph to help you,

s L
P

~:#[1. Could immigration or emigration have played a major factoy in determining the total population size of the retndeer
7 [herd after they were introduced to Saint Paul [sland? Explain your answer,

- The o pE T e gFe g Vs o€ o 1)

st

2. What might account for the tremendous increase in the population of theTeindeer between 1930-1938, as tompared to the
growth rate during the first few years the reindeer were on the Island? pore Dot log put ¢ e~

e hom Aed g, )il

Dy 2

3. What effect might 2000 deer have on the vegetation af the island?

24 2N ef Sas o/ 'u[c:acﬁ

1. Coustder all the factors an organism requires to live. What might have happened on the island to cause the change in
the population between 1938 to 19507 140

k:) 5. In 1950, 8 retndeer were still alive, If some of those were males and some were females, what do you predict would
flappen to the papulation in the next few years? Imids d

P AL ol ol — =
7] oo i 3.4 ) Spal

Ga. Beginning in 1911, when did that population double?

} T4
6b. Now do the same for the pepulation in that year, when did it double? Continue until it does not double again, list those
years. o
.h-‘ [ S o 3 6
6c, List the time (In years) it Itt;nlt to double each time. YN Xz
Y r‘

( RN /
od. What happgned to the doubling time/between 1911 and 19387 Lr, 4o

/7L CifUF”d‘/ L
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@ to indicate that the deer had exceeded the island’s c1rry1ng capacity?

7. What evidence ls, thcr

/V/I 27 7b/’ E-/ v ré’fo, -FOaﬁT b,'/’t’l)” V(V“‘"‘ {V“ ;/i

1
Ba. What conclusions can you draw about a population that has uncontrolled growth? — L s

_Fr-——Tlfﬂf-" Worter o-n o '{663 0

L

'q:cct if a predator were present or if hunting were allowedZA" ratt”

8b. What difference would you Iy 7
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Population Growth-Humans

standard, Use complete sentences and explain each question. Read the opening B
use the graph to help you,

ackground Information again and

Asscssment Questions: Remember what you need to do to meet and exceed the

1. What similarities do you sec between the reindeer population graph and the human population graph?

et = =

22
2. What arc the Lhree or four most important factors required to sustain a papulation?

[4
. r [
S0 O \; s Z620
-.)]0 £ ,6_71',@.

e TR g ingize. end e do g

I vifﬁmp

3a. In what ways is the Earth similar to an istand such as St. Paul? (provide at least two similarities)

FEOI  omd sy THE (0

7
) e ')‘ é:.); C_',%_”-"ﬁb__‘ LM T

G el o
4. What might happen to the population of humans on caj
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3b. Does the Earth have a carrying capacity? Explain your answer. o =
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5a. Provide at least three ways to reduce the growth rate of the human population?
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5b. In your opinion, which of those methods would be most acceptable to society?
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6. Cite a city or country {(outside the United States) where

population growth is a prablem today, What praeblems does
that place have?
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7. Cite a place within the United States where population growthis a problens today. What problems does that place have?
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8. Cite a place in the world where population growth is nata problein today. Why is itnota problem?
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9, Explain two environmental problems that happen when there is a high human population?
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10, What everyday stcps can humans talte to prevent hwman population crash?
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Common District Assessment
NGSS HS-LS 2-1

Biology: Carrying Capacity
Revised 3/10/2016

e AR L Student’s Rubric =~ Sl

After the population study and completion of the lab report, identification of the factors that affect population
size is explained.

/ } NGSS LS 2-1- Factors Affecting Carrylng Capacity
Use mathematical | DOES NOT PARTIALLY MEETS EXCEEDS
and/or MEET MEETS '
computatlii:.nal . Correctly explains | Correctly explains | Correctly Correctly explains
:zl::::tn HIONSTO 1 4 or fewer factors 5-7 of the factors | explains 8-11of | 12 or more
explanations tl:at‘:?;ei::l . that affect the factors that factors that affect
of factors that Rop ’ population size. aifzfect popuiation population size.
affect carrying skze.
capacity of
ecosystems at
different scales.
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