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You are to answ
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ers for all m

ultiple-choice questions, including those in P
arts B
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separate answ
er sheet. R
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ll answ
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in pen, except for graphs and draw
ings, w
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ers on the answ
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W
hen you have com

pleted the exam
ination, you m

ust sign the declaration printed 
on your separate answ

er sheet, indicating that you had no unlaw
ful know

ledge of 
the questions or answ

ers prior to the exam
ination and that you have neither given 

nor received assistance in answ
ering any of the questions during the exam

ination. 
Your answ

er sheet cannot be accepted if you fail to sign this declaration.

N
otice …

A
 four-function or scientifi c calculator m

ust be available for you to use w
hile taking this 

exam
ination.
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P
art A

A
nsw

er all questions in this part.     [30]

D
irections (1–30): F

or each statem
ent or question, record on the separate answ

er sheet the num
ber of the 

w
ord or expression that, of those given, best com

pletes the statem
ent or answ

ers the question.
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1 T
he respiratory system

 of an elephant functions 
in a sim

ilar w
ay to w

hich organelle in a single-
celled organism

?
(1) cell m

em
brane 

(3) vacuole
(2) nucleus 

(4) chloroplast

2 T
he carrying capacity of an environm

ent m
ay be 

decreased by
(1) m

aintaining biodiversity
(2) replacing lost m

inerals
(3) rem

oving dead organism
s

(4) preventing deforestation
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4 A
 decrease in the biodiversity of an ecosystem

 
usually leads to
(1) an increase in predator and prey populations
(2) the elim

ination of m
aterial cycling

(3) a decrease in stability
(4) an increase in dynam

ic equilibrium

5 D
ow

n syndrom
e occurs w

hen an individual has 
an extra copy of chrom

osom
e 21. T

his additional 
genetic m

aterial alters developm
ent and results 

in D
ow

n syndrom
e. T

his genetic abnorm
ality is 

an exam
ple of

(1) a m
utation 

(3) a substitution
(2) fertilization 

(4) differentiation

6 M
ost of the reactions by w

hich energy from
 

carbohydrates is released for use by the cell take 
place w

ithin the 
(1) m

itochondria 
(3) ribosom

es
(2) nuclei 

(4) vacuoles

3 T
he offspring of a species of bird know

n as the 
E

uropean roller possess an effective defense 
m

echanism
. 

W
hen 

they 
sense 

a 
threat 

by 
predators, 

the 
young 

birds 
vom

it 
and 

cover 
them

selves w
ith a foul-sm

elling liquid.

European roller
Source: http:/w

w
w.hbw.com

/species/

W
hich tw

o system
s w

ork together to alert the 
young birds of danger and help produce the 
vom

it?
(1) respiratory and excretory
(2) circulatory and im

m
une

(3) nervous and digestive
(4) reproductive and m

uscular
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9 T
he diagram

s below
 represent tw

o reproductive 
processes used by different organism

s.

Process A

N
ucleus

+

N
ucleus

Bud

Process B

(N
ot draw

n to scale)

W
hen 

com
pared 

to 
organism

s 
that 

utilize 
process 

A
, 

organism
s 

that 
utilize 

process 
B

 
w

ould m
ost likely produce offspring w

ith
(1) a greater variety of genetic com

binations
(2) few

er genetic differences
(3) m

ore genetic com
binations

(4) m
ore D

N
A

 w
ithin each nucleus

7 W
hich hum

an activity best represents a m
ethod 

for recycling nutrients?
(1) m

ixing law
n clippings w

ith vegetable w
aste to 

produce com
post used to fertilize gardens

(2) raking and bagging law
n clippings in plastic 

bags for disposal in landfi lls
(3) collecting 

law
n 

and 
garden 

w
astes 

for 
burning

(4) clearing a forested area to provide open land 
for cattle

8 R
abbit populations vary in size over tim

e. A
n 

increase in w
hich factor w

ould likely prevent the 
rabbit population from

 steadily increasing?
(1) food 

(3) predators
(2) m

ates 
(4) prey
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11 W
hen it is disturbed, the bom

bardier beetle 
is able to produce and release a hot spray of 
irritating chem

icals from
 the end of its body, 

as show
n in the photo below

. A
s a result, m

ost 
anim

als that have experienced this defense avoid 
the beetles in the future.

Source:http://www.bbc.com
/news/uk-england-leeds-11959381

T
he beetle’s defense m

echanism
 has developed 

as a result of
(1) the need for an effective protection against 

its enem
ies

(2) com
petition w

ith its predators
(3) natural selection over m

any generations
(4) ecological succession over hundreds of years

10 A
 

w
eightlifter 

has 
spent 

years 
building 

his 
m

uscular strength. H
is new

born daughter has 
norm

al strength for a baby. W
hich statem

ent best 
explains this situation?
(1) A

 daughter inherits m
ost of her traits from

 
her 

m
other. 

T
he 

daughter’s 
m

uscles 
are 

unlikely to resem
ble her father’s.

(2) T
he w

eightlifter’s w
ife probably did not lift 

w
eights. B

oth parents m
ust have this trait 

before the baby can inherit it.
(3) B

abies 
do 

not 
have 

strong 
m

uscles. 
T

he 
daughter’s m

uscles w
ill be unusually strong 

in a few
 m

ore m
onths.

(4) T
he w

eightlifter’s highly developed m
uscles 

resulted from
 exercise. A

 characteristic such 
as this w

ill not be inherited.
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 12 R
ejection 

of 
a 

new
ly 

transplanted 
organ 

is 
caused by
(1) the im

m
une system

 reacting to the presence 
of the organ

(2) antibiotics that stim
ulate the im

m
une system

 
to attack the organ

(3) inheritance 
of 

genetic 
disorders 

from
 

infected individuals
(4) developm

ent of cancerous cells in the organ

 13 O
ne of the largest and oldest organism

s on 
E

arth is located in F
ishlake N

ational F
orest 

in U
tah. Pando is an 80,000-year-old grove of 

aspen trees that covers 100 acres. A
lthough it 

looks like a forest, D
N

A
 analysis of several of the 

“trees” has confi rm
ed it is really just one huge 

organism
. T

herefore, the “trees” m
ust have been 

reproduced
(1) sexually and have genetic variability
(2) asexually and have genetic variability
(3) sexually and are genetically identical
(4) asexually and are genetically identical

 14 A
 fem

ale giraffe has 62 chrom
osom

es in each of 
her skin cells.

H
ow

 m
any chrom

osom
es w

ill be in the skin cells 
of her offspring?
(1) 124 

(3) 31
(2) 62 

(4) 30
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 15 M
any fem

ale m
am

m
als, such as dogs, give birth to 

litters consisting of m
ultiple offspring. A

ll of the 
characteristics described below

 are reproductive 
adaptations that fem

ale dogs have for giving birth 
and caring for several offspring at once, except
(1) a 

specialized 
structure 

for 
internal 

developm
ent of several young

(2) several pairs of m
am

m
ary glands that provide 

m
ilk for their pups

(3) ovaries capable of releasing m
any gam

etes at 
one tim

e for fertilization
(4) a pancreas that produces excess insulin to 

trigger the release of eggs

 16 A
s blood glucose levels increase, horm

ones are 
released to return glucose levels to norm

al. T
his 

is an exam
ple of

(1) a nervous system
 disorder

(2) the synthesis of antibodies
(3) a stim

ulus and a response
(4) an antigen and antibody reaction

 17 B
R

C
A

 genes are hum
an genes that norm

ally 
w

ork to help shut dow
n cancer cells before they 

can harm
 the body. Scientists have learned that 

individuals inheriting a dam
aged form

 of a B
R

C
A

 
gene are at greater risk of developing breast or 
ovarian cancer. T

his discovery is an im
portant 

fi rst step in
(1) preventing the uncontrolled m

eiotic division 
of cells in hum

ans
(2) identifying 

individuals 
at 

risk 
and 

recom
m

ending preventive treatm
ent

(3) being 
able 

to 
detect 

all 
the 

genes 
that 

regulate m
eiosis

(4) helping to elim
inate all B

R
C

A
 genes
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 18 In 
hum

ans, 
em

bryonic 
developm

ent 
during 

the 
fi rst 

tw
o 

m
onths 

is 
m

ore 
sensitive 

to 
environm

ental factors than during the rem
aining 

m
onths. T

he best explanation for this statem
ent 

is that
(1) during 

the 
fi rst 

tw
o 

m
onths, 

organs 
are 

being 
form

ed 
and 

any 
unusual 

change 
during cell division can interfere w

ith norm
al 

developm
ent

(2) the 
genes 

that 
control 

developm
ent 

function only during the fi rst tw
o m

onths of 
developm

ent
(3) no changes occur in a developing fetus after 

the second m
onth

(4) organ 
developm

ent 
is 

not 
affected 

by 
environm

ental 
factors 

after 
the 

second 
m

onth

 19 G
ene 

editing 
can 

be 
used 

to 
sw

ap 
out 

an 
unw

anted gene for a desirable one from
 the sam

e 
species. W

hich statem
ent best explains w

hy the 
desired gene w

ill be found in all cells that com
e 

from
 the genetically edited cell?

(1) T
he original cell w

ill reproduce by m
eiosis 

and a m
utation w

ill occur.
(2) T

he altered D
N

A
 in the edited cell w

ill be 
replicated and passed on to each new

 cell 
during m

itosis.
(3) D

N
A

 replication in body cells w
ill result in 

sperm
 and egg cells w

ith the edited gene.
(4) T

he desired gene w
ill be inserted into each 

new
 cell by using restriction enzym

es.

 20 W
hich 

sequence 
of 

events 
best 

represents 
ecological succession?
(1) A

 squirrel eats acorns, and a haw
k eats the 

squirrel.
(2) G

rass grow
s on a sand dune and is slow

ly 
replaced by shrubs.

(3) A
fter m

any years of planting corn in the sam
e 

fi eld, m
inerals present in the soil are used up.

(4) T
he 

decom
position 

of 
plant 

m
aterial 

releases nutrients, and other plants use these 
nutrients.
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 21 W
hich hum

an activity has the potential to greatly 
affect the equilibrium

 of an ecosystem
?

(1) cutting dow
n a few

 sm
all evergreen trees and 

using them
 to m

ake holiday decorations
(2) m

ow
ing the playing fi elds in a city park

(3) w
ashing a car w

ith a detergent-based cleaner
(4) em

ptying 
an 

aquarium
 

containing 
m

any 
nonnative fi sh of several species into a local 
lake

 22 W
hich 

statem
ent 

describes 
a 

failure 
of 

hom
eostasis in hum

ans?
(1) W

hen activity in an individual increases, the 
body tem

perature rises and the individual 
sw

eats.
(2) A

s 
the 

concentration 
of 

carbon 
dioxide 

increases in the hum
an body, the lungs begin 

to expel m
ore carbon dioxide.

(3) A
 viral infection leads to a decrease in the 

num
ber of w

hite blood cells being produced 
in the body.

(4) A
fter 

an 
individual 

gets 
a 

cut, 
certain 

chem
ical changes begin the healing process.

23 Som
e 

environm
ental 

engineering 
com

panies 
have recently designed “m

anufactured w
etlands” 

to serve as natural sew
age treatm

ent plants. 
U

tilizing the ability of w
etland organism

s to 
reduce hum

an w
astes m

akes use of naturally 
occurring
(1) nutrient cycles 

(3) lim
iting factors

(2) energy cycles 
(4) fi nite resources

 24 A
 hum

m
ingbird m

ay need to consum
e up to 50%

 
of its body w

eight in sugar each day, just to m
eet 

its energy needs. Som
e of this energy is stored 

and som
e is used for m

etabolic activities, but 
m

uch of the energy is
(1) converted into am

ino acids needed for the 
production of starch

(2) released 
as 

heat 
energy 

back 
into 

the 
hum

m
ingbird’s environm

ent
(3) changed into radiant energy, w

hich can be 
used by plants for photosynthesis

(4) used 
to 

synthesize 
inorganic 

com
pounds 

necessary for cellular respiration
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 25 Sustainable developm
ent occurs w

hen people use 
their resources w

ithout depleting them
. W

hich 
hum

an activity is the best exam
ple of sustainable 

developm
ent?

(1) draining a w
etland to build houses

(2) loggers planting a tree for each one cut dow
n

(3) using nets to quickly capture large num
bers 

of fi sh
(4) building 

coal-burning 
pow

er 
plants 

to 
provide electricity

 26 R
ingw

orm
 is a skin infection com

m
on am

ong 
school-aged 

children. 
A

lthough 
the 

nam
e 

suggests that a w
orm

 causes the disease, it is 
actually caused by a fungus that lives and feeds 
on 

the 
dead 

outer 
layer 

of 
the 

skin. 
T

he 
relationship betw

een ringw
orm

 and hum
ans can 

be described as
(1) predator/prey 

(3) parasite/prey
(2) predator/host 

(4) parasite/host

27 G
enetically identical yarrow

 plants w
ere grow

n 
at different altitudes. E

ven though their genetic 
m

akeup w
as identical, the plants grew

 to different 
heights. O

ne likely explanation for the different 
heights of the plants at each altitude is that
(1) gene 

expression 
w

as 
infl uenced 

by 
the 

environm
ent

(2) genes m
utated w

hen the plants w
ere grow

n 
at higher elevations

(3) chrom
osom

es 
increased 

in 
num

ber 
w

ith 
elevation change

(4) the sequence of D
N

A
 bases w

as altered at 
different altitudes
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 28 W
hich biological process is represented in the diagram

 below
?

G
reen

plant cell

Food

O
xygen

ATP
produced

C
arbon dioxide

+
W

ater

(1) photosynthesis 
(3) digestion

(2) respiration 
(4) replication

 29 T
he diagram

 below
 show

s specialized plant cells that control openings called stom
ates.

Stom
ate

(opening)
Specialized
cells

T
he proper function of these cells is vital to the survival of the plant because they regulate the

(1) rate of glucose use by root cells 
(3) products of photosynthesis in the stem

(2) absorption of sunlight by leaf cells 
(4) exchange of gases in leaves
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 30 Substance X
 directly supplies energy for various life functions, as show

n in the diagram
 below

.

Transm
its chem

ical
signals

M
uscle contraction

Elim
inates wastes

Transform
s m

aterials
for use

X

W
hich substance is represented by X

 in the diagram
?

(1) AT
P 

(3) starch
(2) D

N
A

 
(4) glucose
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B
ase your answ

ers to questions 31 through 33 on the inform
ation below

 and on your know
ledge of biology.

A
 student set up an experim

ent to test the effect of the num
ber of seedlings planted in 

one pot on the rate of grow
th. A

ll conditions in the experim
ent w

ere the sam
e, except for the 

num
ber of plants in each pot. T

he results are show
n in the graph below

.

0
0 10 20 30 40 50 60

10
20

T
im

e
 (days)

Source: Adapted from
 http://science.halleyhosting.com

/sci/soph/scim
ethod/q/q1/q9.htm

thod

P
la

n
t G

ro
w

th

Average Plant Growth (cm)

30
40

Plant grow
th (cm

) -   5 plants per pot
Plant grow

th (cm
) - 10 plants per pot

Plant grow
th (cm

) - 15 plants per pot
Plant grow

th (cm
) - 20 plants per pot

K
e
y

P
art B

–1

A
nsw

er all questions in this part.     [ 13]

D
irections (31–43): F

or each statem
ent or question, record on the separate answ

er sheet the num
ber of the 

w
ord or expression that, of those given, best com

pletes the statem
ent or answ

ers the question.
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 31 T
he m

ost likely reason for the differences in plant grow
th in the different pots w

as
(1) cyclic changes in the plants’ ecosystem

s
(2) ecological succession over tim

e
(3) the am

ount of light available for each setup
(4) com

petition for resources in each setup

 32 A
ccording to the graph, w

hich statem
ent is true concerning the grow

th of the plants?
(1) T

he plants in the pot w
ith only 5 plants grew

 to be an average of 40 cm
 tall in 30 days.

(2) T
he plants in the pot w

ith only 10 plants grew
 to be an average of 30 cm

 tall in 20 days.
(3) T

he plants in the pot w
ith 15 plants grew

 an average of 20 cm
 taller after a period of 10 days.

(4) T
he plants in the pot w

ith 20 plants grew
 an average of 20 cm

 taller after a period of 40 days.

 33 T
he dependent variable for this experim

ent w
as

(1) the num
ber of plants per pot 

(3) average plant grow
th

(2) tim
e in days 

(4) the am
ount of w

ater per pot



Livin
g

 E
n

viro
n

m
e
n

t –
 v2

0
2

18

B
ase your answ

ers to questions 34 and 35 on the diagram
 below

 and on your know
ledge of biology. T

he
diagram

 represents interactions betw
een organism

s in an ecosystem
.

Species
E

Species
D

Species
C

Species
B

Species
A
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 34 W
hich statem

ent correctly identifi es a possible role of one organism
 in this ecosystem

?
(1) Species A

 m
ay carry out autotrophic nutrition.

(2) Species B
 m

ay be a producer that synthesizes nutrients.
(3) Species C

 carries out heterotrophic nutrition.
(4) Species D

 can recycle energy from
 the Sun.

 35 W
hich statem

ent correctly describes an interaction that contributes to the stability of this ecosystem
?

(1) Species E
 is not affected by the activity of species A

.
(2) Species B

 returns com
pounds to the environm

ent that m
ay later be used by species C

.
(3) Species C

 recycles nutrients from
 species B

 and D
 to obtain energy.

(4) Species D
 is directly dependent on the autotrophic activity of species B

.
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B
ase your answ

ers to questions 36 and 37 on the inform
ation below

 and on your know
ledge of biology.

T
he Venus fl ytrap is a plant that uses specialized leaves in order to capture and digest 

sm
all insects.

Source: https://w
w

w.britannica.com
/plant/Venus-flytrap
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 36 A
lthough the Venus fl ytrap uses its prey to obtain certain m

olecules that it needs, it is still classifi ed as a 
producer because it
(1) uses its prey to produce food
(2) consum

es the prey to produce energy
(3) synthesizes energy by using oxygen and releasing carbon dioxide
(4) synthesizes glucose by using carbon dioxide and w

ater

 37 E
nzym

es secreted by cells in the leaves of the Venus fl ytrap can digest
(1) proteins into am

ino acids 
(3) am

ino acids into fats
(2) sugars into starches 

(4) proteins into sugars



Livin
g

 E
n

viro
n

m
e
n

t –
 v2

0
2

22

B
ase your answ

ers to questions 38 and 39 on the inform
ation below

 and on your know
ledge of biology.

U
lcers: M

ystery Solved
Stom

ach ulcers are painful sores that develop in the stom
ach. D

octors once thought 
that ulcers w

ere caused by stress. In the 1980s, a pair of physicians, B
arry J. M

arshall and J. 
R

obin W
arren, questioned the cause of ulcers. T

hey found the bacterium
 H

elicobacter pylori 
in the ulcer tissue of their patients. E

ven though they repeatedly presented their fi ndings 
to colleagues, they w

ere ignored until M
arshall perform

ed an astonishing experim
ent: H

e 
drank broth containing the bacteria and m

ade him
self sick w

ith an ulcer! H
e then cured 

him
self by taking an antibiotic.
T

he results w
ere published in 1985, but it took another 10 years for doctors to regularly 

use antibiotics to treat ulcers. M
arshall and W

arren received a N
obel Prize in 2005 for this 

discovery.

 38 W
hich choice represents a possible hypothesis for M

arshall’s experim
ent?

(1) D
oes H

elicobacter pylori cause stom
ach ulcers in people?

(2) If a person takes an antibody, then they w
ill not develop an ulcer.

(3) D
oes exposure to infectious bacterial cells m

ake people sick?
(4) If a patient is infected by H

elicobacter pylori, then they w
ill get an ulcer.

 39 T
he w

ork of M
arshall and W

arren show
s that

(1) hypotheses m
ade by physicians are alw

ays correct
(2) scientifi c explanations are revised based on new

 evidence
(3) peer review

 alw
ays leads to the im

m
ediate acceptance of results

(4) conclusions m
ust alw

ays be consistent w
ith those m

ade by other scientists
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 40 T
he structural form

ulas show
n below

 represent parts of tw
o different com

plex carbohydrate m
olecules 

com
posed of glucose subunits. M

olecules 1 and 2 differ in their overall structure.

C
H

2 O
H

O
H

O
H

O

O

C
H

2 O
H

O
H

O
H

O

O

C
H

2 O
H

O
H

O
H

M
o

le
c
u

le
 1

M
o

le
c
u

le
 2

O

O

C
H

2 O
H

O
H

O
H

O

O

C
H

2

O
H

O
H

O

O

C
H

2 O
H

O
H

O
H

O

O

C
H

2 O
H

O
H

O
H

O

O

C
H

2 O
H

O
H

O
H

O

O

C
H

2 O
H

O
H

O
H

O

O

C
H

2 O
H

O
H

H
O O

O

Source: Adapted from
 http://w

w
w.rsc.org/Education/Teachers/

R
esources/cfb/carbohydrates.htm

D
ue to the differences in structure, each of these m

olecules m
ost likely

(1) is com
posed of different m

olecular bases 
(3) contains different elem

ents
(2) form

s a different protein 
(4) perform

s a different function
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 41 To capture their prey, spiders have fangs, w
hich pierce the body w

all of insects and inject venom
. Spider 

venom
s usually contain specifi c proteins that attack the cell m

em
branes of the prey. T

he m
em

branes and 
m

ost of the contents of the insect’s body turn into a liquid that the spider then ingests for food.

Source: https://w
w

w.pest-control.com
/

T
hese specifi c venom

 proteins are m
ost likely

(1) AT
P m

olecules 
(3) biological catalysts

(2) D
N

A
 m

olecules 
(4) regulatory horm

ones
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Blood
capillaries

Source: Adapted from
 http://droualb.faculty.m

jc.edu

Lym
phatic

capillary

Interstitial
fluid

Interstitial
fluid

Lym
ph

 42 L
ym

phatic capillaries are found throughout the body. B
oth the lym

phatic and circulatory system
s 

transport substances betw
een the bloodstream

 and body tissues. T
hese tw

o system
s are also involved in 

fi ghting infections.

T
he arrow

s show
n in the diagram

 that go from
 the blood capillaries to the interstitial fl uid m

ost likely 
represent the
(1) release of red blood cells, so that they can diffuse into body cells and fi ght bacteria
(2) m

ovem
ent of m

aterials from
 the circulatory system

 that w
ill eventually enter lym

phatic capillaries
(3) transport of digestive enzym

es from
 the blood to help w

ith the digestion of glucose in m
uscle cells

(4) transport of glucose m
olecules from

 the blood to be used by cells to attack proteins and fats
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43 T
he graph below

 show
s how

 the introduction of the opossum
 shrim

p, as a food source for salm
on, affected 

a lake ecosystem
 in M

ontana.

Bald eagle

C
h

a
n

g
e

s
 in

 M
o

n
ta

n
a

 L
a

k
e

 S
p

e
c

ie
s

Kokanee salm
on (x1000)

Bald eagles (x7)
150500

1979
1

9
8

1
1985

Y
e

a
r

Number

Introduction of opossum
 shrim

p

1987
1989

100

O
possum

 shrim
p (per  m

2)

Source: Biology, 9th Ed. Sylvia M
ader, M

cG
raw

-H
ill, Boston, 2007, p.929  

1983
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B
ased on the data in this graph, one likely conclusion that can be m

ade is that over approxim
ately ten years

(1) the lake ecosystem
 stabilized after the introduction of the new

 species
(2) com

petition betw
een organism

s w
as reduced as m

ore producers w
ere introduced into the lake

(3) m
ore predators m

oved into the lake ecosystem
 once the opossum

 shrim
p w

ere added
(4) the introduction of the opossum

 shrim
p into the lake ecosystem

 disrupted the food w
ebs that w

ere 
present

G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ·
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B
ase your answ

ers to questions 44 through 47 on the inform
ation and data table below

 and on your 
know

ledge of biology.

Peregrine falcons are an endangered species in N
ew

 York State. T
his crow

-sized 
predator feeds prim

arily on birds. Starting in the 1940s, exposure to the pesticide D
D

T
 

in their prey caused declines in the peregrine falcon population. T
hese pesticides caused 

eggshell thinning, w
hich drastically low

ered breeding success. B
y the early 1960s, peregrine 

falcons no longer nested in N
ew

 York State. A
fter the U

nited States banned D
D

T
 in 1972, 

efforts w
ere m

ade to reintroduce peregrine falcons into the N
ortheast. Since the 1980s, the 

peregrine falcons are once again breeding in m
any areas of N

ew
 York State.

P
art B

 –2

A
nsw

er all questions in this part.     [12]

D
irections (44–55): F

or those questions that are m
ultiple choice, record on the separate answ

er sheet 
the num

ber of the choice that, of those given, best com
pletes each statem

ent or answ
ers each question. F

or all 
other questions in this part, follow

 the directions given and record your answ
ers in the spaces provided in this 

exam
ination booklet.

G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ·

B
ase your answ

ers to questions 44 through 47 on the inform
ation below

 and data table on page 30 and  
on your know

ledge of biology.
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Source: http://w
w

w.dailym
ail.co.uk/new

s/article-1018309/Peregrine
-falcons-return-breed-tim

e-200-years.htm
l

G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ·

Q
uestions 44-47 continued
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 L
iving E

nvironm
ent–v202 

[14]

The table below
 show

s the num
ber of peregrine falcon offspring produced in N

ew
 Y

ork State over a 
20-year period.

N
u

m
b

e
r o

f P
e
re

g
rin

e
 F

a
lc

o
n

 O
ffs

p
rin

g
 

P
ro

d
u

c
e

d
 in

 N
e

w
 Y

o
rk

 S
ta

te
 F

ro
m

 1
9

9
2

 to
 2

0
1

2

Y
e
a
r

N
u

m
b

e
r o

f O
ffs

p
rin

g
 P

ro
d

u
c
e
d

1992
30

1996
48

2000
75

2004
79

2008
129

2012
148

 44 M
ark an appropriate scale, w

ithout any breaks in the data, on each labeled axis.   [1]

G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ·

D
irections (44–45): U

sing the inform
ation in the data table, construct a line graph on the grid on the next 

page, follow
ing the directions below

 and on the next page.
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 45 Plot the data on the grid. C
onnect the points and surround each point w

ith a sm
all circle.   [1]

Exam
ple:

Number of Young Produced

Y
e
a
rs

N
u

m
b

e
r o

f P
e
re

g
rin

e
 F

a
lc

o
n

 O
ffs

p
rin

g
 P

ro
d

u
c
e
d

in
 N

e
w

 Y
o

rk
 S

ta
te

 fro
m

 1
9
9
2
-2

0
1
2

G
O

 R
IG

H
T
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N

 T
O

 T
H

E
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E
X

T
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G
E

 ·
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 46 Identify a body system
 in the falcon that w

as directly affected by D
D

T
 and led to the loss of nesting peregrine 

falcons from
 N

ew
 York State in the early 1960s. Support your answ

er.   [1]

B
ody system

: 

Support:

 
N

ote: T
he answ

er to question 47 should be recorded on your separate answ
er sheet.

 47 W
hich conclusion is best supported by the inform

ation presented in the graph?
(1) T

he greatest decrease w
as during the tim

e period of 1992 and 1996.
(2) T

he greatest increase w
as during the tim

e period of 2004 and 2008.
(3) T

here has been a steady decline since the banning of D
D

T
 in 1972.

(4) T
he population reached carrying capacity in 2004.
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B
ase your answ

ers to questions 48 and 49 on the inform
ation below

 and on your know
ledge of biology.

A
 scientist added an antibiotic to a Petri dish containing bacterial colonies. A

 day later, the 
scientist noticed that m

any colonies had died, but a few
 rem

ained. T
he scientist continued 

to observe the dish and noted that, eventually, the rem
aining colonies of bacteria increased 

in size.

 48 E
xplain w

hy the results of this study m
ay indicate 

one 
disadvantage of using antibiotics to fi ght 

infections.   [1]

 
N

ote: T
he answ

er to question 49 should be recorded on your separate answ
er sheet.

 49 T
he survival of som

e bacterial colonies w
as m

ost likely due to
(1) the bacterial cells changing so that they could live
(2) a resistance to the antibiotic
(3) m

eiotic cell division in the bacteria
(4) a D

N
A

 change caused by the antibiotic
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B
ase your answ

ers to questions 50 and 51 on the inform
ation below

 and on your know
ledge of biology. 

T
he diagram

s below
 provide inform

ation about tw
o separate species of tree frogs found 

in the U
nited States. T

he shaded areas represent the habitats of each of the tw
o species.

G
ra

y
 T

re
e
 F

ro
g

s
G

re
e
n

 T
re

e
 F

ro
g

s

Source: Adapted from
 Roger C

onant and Joseph T C
ollins. 1998. A Field Guide to Reptiles & Am

phibians 
of Eastern & Central North Am

erica (Peterson Field G
uide Series).

T
re

e
 F

ro
g

s
 o

f th
e
 U

n
ite

d
 S

ta
te

s
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N

ote: T
he answ

er to question 50 should be recorded on your separate answ
er sheet.

 50 O
ne likely reason that the gray tree frog occupies a larger environm

ental area than the green tree frog 
is that the gray tree frog species
(1) eats only prey found in central areas in the U

nited States
(2) is adapted to live in any environm

ent in the U
nited States

(3) has adaptations that enable survival in a w
ider variety of habitats

(4) outcom
petes the green tree frogs in F

lorida and any state w
here they both live

 51 Identify a biological process that led to the presence of 90 different species of frogs throughout the U
nited 

States. Support your answ
er.   [1]

B
iological process:

G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
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G
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B
ase your answ

er to question 52 on the inform
ation below

 and on your know
ledge of biology. T

he diagram
 

below
 represents the hum

an fem
ale reproductive system

.

B

A

C

 52 Select one of the lettered parts from
 the diagram

. C
ircle the letter of the part that you selected, and identify 

the part. State how
 a m

alfunction in the structure that you identifi ed could interfere w
ith an individual’s 

ability to reproduce.   [1]

Part selected (circle one)  
A

 
 

B
 

 
C

Identifi cation: 

E
xplanation: 
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 53 T
he diagram

 below
 represents a cell nucleus. C

om
plete the diagram

 so that it show
s the arrangem

ent of the 
genetic m

aterial in the tw
o new

 cells that are produced by m
itosis.   [1]

  

M
itotic cell division

N
ew

 cell nuclei
O

riginal cell nucleus

 54 Som
etim

es a hypothesis is not supported. Yet, scientists consider the fi ndings valuable. State one reason 
scientists w

ould value an experim
ent that does not support the initial hypothesis.   [1]

 55 T
he sequence below

 represents different organizational levels w
ithin the hum

an body, from
 the sim

plest to 
m

ore com
plex. C

om
plete the sequence by correctly fi lling in the m

issing levels.   [1]

organelles →
 ________________ →

 tissues →
 ________________ →

 organ system
s →

 organism
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B
ase your answ

ers to questions 56 through 58 on the passage below
 and on your know

ledge of biology.

Indian O
cean E

cosystem
 in D

anger
T

he Indian O
cean is under increasing environm

ental pressures. U
ntil recently, this 

ocean w
as considered to have the least ecologically disrupted coastline. H

ow
ever, as the 

surface w
ater tem

peratures have increased, there has been a reduction in the phytoplankton 
population (m

icroscopic producers). T
his reduction in phytoplankton has been linked to a 

decline in som
e fi sh populations.

A
lso affecting the fi sh populations is the urbanization of coastal areas. A

s the hum
an 

population grow
s in this area, m

ore of the coastline region is being developed. In addition, 
the m

ining of natural resources has led to oil spills, the destruction of m
angrove forests, and 

an increase in the area’s acidity level.
C

ountries along the coast are trying to encourage developm
ent w

hile, at the sam
e tim

e, 
trying to m

aintain a healthy coastal ecosystem
.

P
art C

A
nsw

er all questions in this part.     [17]

D
irections (56–72):  R

ecord your answ
ers in the spaces provided in this exam

ination booklet.
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 56 E
xplain 

how
 

a 
reduction 

in 
phytoplankton 

can 
lead 

to 
a 

reduction 
in 

fi sh 
populations 

in 
the 

Indian O
cean.   [1]

 57 D
escribe how

 one specifi c hum
an activity m

entioned in the passage could negatively affect the Indian O
cean 

ecosystem
.   [1]

H
um

an activity: 

 58 State one specifi c reason w
hy it is im

portant to m
aintain a healthy ecosystem

 in the Indian O
cean.   [1]
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B
ase your answ

ers to questions 59 through 61 on the photo and reading passage below
, and on your

know
ledge of biology.

Invasive W
ater C

hestnuts C
hallenge E

nvironm
entalists

E
nvironm

ental scientists are troubled by the rapid spread of the w
ater chestnut plant. 

T
his invasive plant is a freshw

ater species w
ith leaves that blanket the surface of w

ater. T
he 

leaves grow
 so densely, they stop people from

 sw
im

m
ing and prevent boats from

 m
oving.

Invasive w
ater chestnut leaves prevent 95%

 of the sunlight from
 reaching the w

ater 
below

. L
ocal anim

als and insects cannot eat this plant. N
ew

 York ecosystem
s infested by the 

w
ater chestnut are quickly disrupted. W

ater chestnut seeds can survive m
ore than ten years 

under w
ater in the sedim

ents.
T

he m
ost effective w

ay to kill the w
ater chestnut is to pull out each plant by hand. T

his 
can be done in a sm

all pond, but for rivers and lakes that are blocked by huge num
bers of 

w
ater chestnut plants, other m

ethods are needed. C
hem

ical herbicides kill the leaves, but, 
after several w

eeks, the w
ater chestnut plants grow

 back. L
arge m

achines have been used to 
clear these plants and seeds from

 the w
ater and sedim

ents of ecosystem
s, but the m

achines 
rem

ove m
any other organism

s too.

G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ·

B
ase your answ

ers to questions 59 through 61 on the photo on the next page and reading passage below
,   

and on your know
ledge of biology.
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W
ater chestnut

seed

 Source: estuarylive.pbw
orks.com

 59 State one w
ay that the presence of w

ater chestnut plants affects the other organism
s in the freshw

ater 
ecosystem

.   [1]



Livin
g

 E
n

viro
n

m
e
n

t –
 v2

0
2

42

 60 Som
e scientists recom

m
end bringing in biological controls, such as introducing a new

 species of insect to eat 
the w

ater chestnut leaves and stop its grow
th. State one advantage and one disadvantage of using biological 

controls in this situation.   [1]

A
dvantage: 

D
isadvantage: 

 61 H
arvesting m

achines are used to scrape w
ater chestnut plants and seeds from

 the bottom
 of lakes and rivers. 

State one disadvantage of this m
ethod of controlling w

ater chestnuts.   [1]
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B
ase your answ

ers to questions 62 and 63 on the inform
ation below

 and on your know
ledge of biology.

R
ising C

O
2  [C

arbon D
ioxide] L

evels in O
cean B

lock Sharks’ A
bility to Sm

ell P
rey

…
C

hanges in the chem
istry of the w

orld’s oceans expected by century’s end could im
pact 

the hunting ability of sharks, w
hich depend heavily on their sense of sm

ell to locate prey, 
researchers say.

A
s ocean w

aters turn increasingly acidic from
 absorbing atm

ospheric C
O

2  created by 
hum

an activities, the odor-detecting ability of sharks to locate prey could dim
inish, they 

say. …
Source: Jim

 Algar, Tech Tim
es, 9/9/14

 62 Identify one hum
an activity and describe how

 it contributes to increasing levels of carbon dioxide in the 
environm

ent.   [1]

H
um

an activity: 

 63 D
escribe how

 the inability of sharks to detect their prey could affect an ocean ecosystem
.   [1]
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B
ase your answ

ers to questions 64 through 66 on the inform
ation and photo below

 and on your know
ledge 

of biology. T
he photo show

s an adult fem
ale w

easel.

Source: N
Y Tim

es 6/13/16

W
easels A

re B
uilt for the H

unt

W
easels are fi erce and quick-w

itted carnivores that
m

ust com
pete for food w

ith larger predators. T
heir 

slender, elongated body plan allow
s them

 to pursue 
prey in tight spaces that other carnivores can’t enter, a 
key factor in controlling rodent and rabbit populations. 
T

his body plan is im
portant to the success of w

easels. 
F

em
ale w

easels have evolved to give birth to fetuses 
that have not fully com

pleted developm
ent. T

he fetuses 
com

plete their developm
ent externally. In this w

ay, 
there is no baby bum

p to lim
it the m

other’s access to 
tight feeding locations.

A
 high energy level is key to the w

easel’s success 
in capturing prey, but it com

es at a price. T
o survive, 

w
easels 

need 
to 

eat 
a 

third 
of 

their 
body 

w
eight 

per day. T
his need can m

ake them
 unpopular w

ith 
poultry farm

ers, because they can enter through the 
sm

allest 
opening 

and 
consum

e 
large 

num
bers 

of 
chickens.
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 64 State how
 the body plan of the w

easel is effective for successfully com
peting w

ith other organism
s.   [1]

 65 If the w
easels are so successful, explain w

hy they do not com
pletely overpopulate the areas w

here 
they live.   [1]

 66 Indicate w
hether the w

easels’ relationship w
ith hum

ans is positive or negative by circling the appropriate 
term

 below
. Support your answ

er.   [1]

R
elationship (circle one):  

positive 
 

negative

Support: 
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B
ase your answ

ers to questions 67 and 68 on the inform
ation and diagram

 below
 and on your know

ledge of 
biology.

H
IV

 Infection
T

he hum
an im

m
unodefi ciency virus (H

IV
), w

hich can lead to A
ID

S, is a type of virus 
that adds its genetic m

aterial to the D
N

A
 of the host cell. H

IV
 reproduces w

ithin the host 
cell and exits through a process called budding.

In the process of budding, the new
ly form

ing virus m
erges w

ith the host cell m
em

brane 
and pinches off, taking w

ith it a section of the host-cell m
em

brane. It then enters into 
circulation.

 Source: Adapted from
 http://new

s.
bbc.co.uk/2/hi/health/5221744.stm

H
IV budded 

from
 host cell

H
ost cell

H
IV budding 
from

 cell

H
ost cell 

m
em

braneN
ew

ly 
form

ing virus

H
IV

 B
u

d
d

in
g
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 67 E
xplain how

 an outer covering com
posed of a section of a cell m

em
brane from

 the host w
ould protect 

H
IV

 from
 attack by the host’s im

m
une system

.   [1]

 68 D
escribe one specifi c w

ay that H
IV

 m
akes the body unable to deal w

ith other pathogens and 
cancer.   [1]



Livin
g

 E
n

viro
n

m
e
n

t –
 v2

0
2

48

B
ase your answ

ers to questions 69 through 72 on the inform
ation below

 and on your know
ledge of biology.

Snakes U
sed to H

ave L
egs and A

rm
s U

ntil T
hese M

utations H
appened

T
he ancestors of today’s slithery snakes once sported full-fl edged arm

s and legs, but 
genetic m

utations caused the reptiles to lose all four of their lim
bs about 150 m

illion 
years ago, according to tw

o new
 studies. …

B
oth studies show

ed that m
utations in a stretch of snake D

N
A

 called ZR
S (the Zone of 

Polarizing A
ctivity R

egulatory Sequence) w
ere responsible for the lim

b-altering change. 
B

ut the tw
o research team

s used different techniques to arrive at their fi ndings. …
…

A
ccording to one study, published online today (O

ct. 20, 2016) in the journal C
ell, 

the snake’s ZR
S anom

alies [differences] becam
e apparent to researchers after they took 

several m
ouse em

bryos, rem
oved the m

ice’s ZR
S D

N
A

, and replaced it w
ith the ZR

S 
section from

 snakes. …
…

T
he sw

ap had severe consequences for the m
ice. Instead of developing regular 

lim
bs, the m

ice barely grew
 any lim

bs at all, indicating that ZR
S is crucial for the 

developm
ent of lim

bs, the researchers said. …
L

ooking deeper at the snakes’ D
N

A
, the researchers found that a deletion of 17 base 

pairs w
ithin the snakes’ D

N
A

 appeared to be the reason for the loss of lim
bs.

Source: http://w
w

w.livescience.com
/56573-m

utation-caused-snakes-to-lose-legs.htm

 69 State one possible advantage for a snake to have no lim
bs instead of four lim

bs.   [1]
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 70 Identify the technique that the scientists used to rem
ove the ZR

S D
N

A
 from

 m
ice and replace it w

ith 
the ZR

S section from
 snakes.   [1]

 71 Identify the type of m
utation responsible for the loss of lim

bs in snakes.   [1]

 72 W
ithout having D

N
A

 sam
ples from

 snakes 150 m
illion years ago, state how

 scientists could know
 

that snakes once actually had legs.   [1]
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B
ase your answ

ers to questions 73 and 74 on the inform
ation and chart below

 and on your know
ledge of 

biology.

F
inding R

elationships B
etw

een O
rganism

s
O

rganism
s living in the sam

e environm
ent m

ay have sim
ilar body structures, but this 

does not alw
ays indicate a close biological relationship. T

he chart below
 provides inform

ation 
about four organism

s that live in an A
ntarctic O

cean ecosystem
.

B
o

d
y
 S

tru
c
tu

re
s
 o

f F
o

u
r A

n
ta

rc
tic

 M
a
rin

e
 O

rg
a
n

is
m

s

O
rg

a
n

is
m

Killer w
hale

Adélie
penguin

Leopard
seal

Baleen w
hale

Very little hair
Very little hair

Feathers
Thick hair

S
k
in

 
c
o

v
e
rin

g

D
ia

g
ra

m
*

*Pictures are 
not draw

n 
to scale.

P
art D

A
nsw

er all questions in this part.     [13]

D
irections (73–85): F

or those questions that are m
ultiple choice, record on the separate answ

er sheet the 
num

ber of the choice that, of those given, best com
pletes each statem

ent or answ
ers each question. F

or all 
other questions in this part, follow

 the directions given and record your answ
ers in the spaces provided in this 

exam
ination booklet.
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N

ote: T
he answ

er to question 73 should be recorded on your separate answ
er sheet.

 73 Tw
o features that w

ould be the m
ost useful in determ

ining w
hich of these organism

s are m
ost closely related 

are
(1) presence of hair and sim

ilar proteins
(2) presence of feathers and sim

ilar body structures
(3) habitat and diet
(4) body size and color

 
N

ote: T
he answ

er to question 74 should be recorded on your separate answ
er sheet.

 74 W
hich lab procedure can be done to fi nd m

olecular evidence for relationships betw
een these A

ntarctic 
m

arine organism
s?

(1) C
om

pare slides of cell organelles. 
(3) Set up and perform

 gel electrophoresis.
(2) E

xam
ine fossils and ocean sedim

ents. 
(4) U

se a dichotom
ous key and test for pH

.
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N

ote: T
he answ

er to question 75 should be recorded on your separate answ
er sheet.

 75 A
s an extension of the lab activity M

aking C
onnections, a biology teacher asked students to brainstorm

 
variables other than exercise that w

ould affect heart rate. T
he students hypothesized that eating a lunch high 

in protein w
ould decrease heart rates. T

hey recorded resting heart rates of 20 students, had them
 eat high-

protein m
eals, and then recorded their heart rates again. T

he heart rates of 15 students w
ere low

er w
hile the 

heart rates for 5 students w
ere higher after lunch.

T
he best explanation for the observation that the heart rates of 5 students w

ere higher after lunch is
(1) the heart rates of fem

ale students are not affected by a high-protein m
eal

(2) the students all participated in physical education class im
m

ediately before lunch
(3) the students all had varying physical fi tness levels and consum

ed different am
ounts of protein

(4) the students w
ere all the sam

e gender and age
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B
ase your answ

ers to questions 76 and 77 on the passage below
 and on your know

ledge of biology.

A
 recent study of D

arw
in’s fi nches in the G

alapagos Islands identifi ed the gene, H
M

G
A

2, 
that is involved in beak size. It played a role in w

hich fi nches feeding on sm
aller seeds 

survived a severe drought in 2004-2005. F
ollow

ing the drought, the average size of the 
m

edium
 ground fi nch beak decreased. T

his change w
as traced directly to changes in the 

frequency of the H
M

G
A

2 gene. Previous studies have show
n that H

M
G

A
2 affects body size 

in anim
als, including dogs and horses, and even hum

ans.

N
ote: T

he answ
er to question 76 should be recorded on your separate answ

er sheet.

76 O
ne possible reason that such diverse species could be affected by the H

M
G

A
2 gene is that

(1) they all lived on the G
alapagos Islands

(2) they share a com
m

on ancestor
(3) the drought caused the form

ation of the gene
(4) the gene allow

ed all these species to grow
 larger

77 State one possible reason the m
edium

 ground fi nches w
ith a sm

aller beak w
ere able to survive during the 

2004-2005 drought. Support your answ
er.   [1]
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B
ase your answ

er to question 78 on the inform
ation and the U

niversal G
enetic C

ode C
hart below

 and on 
your know

ledge of biology.

S
E

C
O

N
D

 B
A

S
E

THIRDBASE

FIRSTBASE

C
A

G

UCAG

UCAG

U
U

U
U

U
C

U
UA

U
U

G

C
U

U
C

U
C

C
UA

C
U

G

AU
U

AU
C

AUA
AU

G

G
U

U
G

U
C

G
UA

G
U

G

U
C

U
U

C
C

U
C

A
U

C
G

C
C

U
C

C
C

C
C

A
C

C
G

AC
U

AC
C

AC
A

AC
G

G
C

U
G

C
C

G
C

A
G

C
G

UAU
UAC
UAA
UAG

C
AU

C
AC

C
AA

C
AG

AAU
AAC
AAA
AAG

G
AU

G
AC

G
AA

G
AG

U
G

U
U

G
C

U
G

A
U

G
G

C
G

U
C

G
C

C
G

A
C

G
G

AG
U

AG
C

AG
A

AG
G

G
G

U
G

G
C

G
G

A
G

G
G

UCAGUCAGUCAG

P
H

E

L
E

U

L
E

U

IL
E

M
E

T
 or 

START

V
A

L

S
E

R

P
R

O

T
H

R

A
L

A

T
Y

R

STO
P

H
IS

G
L

N

A
S

N

L
Y

S

A
S

P

G
L

U

A
R

G

S
E

R

A
R

G

G
L
Y

C
Y

S

STO
P

T
R

P

U
n

iv
e
rs

a
l G

e
n

e
tic

 C
o

d
e
 C

h
a
rt

M
e
s
s
e
n

g
e
r R

N
A

 C
o

d
o

n
s
 a

n
d

 th
e
 A

m
in

o
 A

c
id

s
 fo

r W
h

ic
h

 T
h

e
y
 C

o
d

e

U
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O
riginal D

N
A

 for protein X
: 

TA
C

-G
G

C
-T

TA
-G

C
T-C

C
C

-G
C

G
-C

TA
-A

A
A

M
utated D

N
A

 for protein X
: 

TA
C

-G
G

C
-T

T
G

-G
C

T-C
C

T-G
C

G
-C

TA
-A

A
A

78 W
ould the m

utated D
N

A
 strand affect the functioning of protein X

? Support your answ
er.   [1]

G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ·
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B
ase your answ

ers to questions 79 and 80 on the diagram
 below

 and on your know
ledge of biology. T

he 
diagram

 represents a hypothetical result of a technique used in a lab.W
ells

–+

 79 State w
here on the diagram

 the largest fragm
ents of D

N
A

 w
ould be located.   [1]

 80 Identify the factor that caused the fragm
ents to m

ove through the gel rather than rem
aining in the w

ells.   [ 1]
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B
ase your answ

er to question 81 on the diagram
 below

 and on your know
ledge of biology. 

T
he diagram

 represents a sugar cube being dropped into an undisturbed beaker of w
ater 

at room
 tem

perature. O
ne sugar m

olecule is labeled.

 
N

ote: T
he answ

er to question 81 should be recorded on your separate answ
er sheet.

 81 W
hich diagram

 below
 represents the distribution of sugar m

olecules in the w
ater a day later?

( 1 )
( 2 )

( 3 )
( 4 )

Sugar m
olecule(N

ot draw
n to scale)
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N

ote: T
he answ

er to question 82 should be recorded on your separate answ
er sheet.

 82 In an effort to determ
ine how

 closely related several plant species are, a student perform
ed the laboratory 

test show
n below

.

Plant extract

Solvent

Yellow

G
reen

Brow
n

Plant species
1

Yellow

G
reen

Plant species
2

Plant species
3

G
reen

Brow
n

Plant species
4

Yellow

G
reen

Brow
n

R
ed

T
he m

ethod used by the student to com
pare plant extracts from

 the different species is
(1) gel electrophoresis 

(3) a staining technique
(2) D

N
A

 banding 
(4) paper chrom

atography 
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B
ase your answ

er to question 83 on the graph below
 and on your know

ledge of biology. T
he graph show

s 
the average heart rate data for a group of students before, during, and after exercise.

H
e
a
rt R

a
te

 R
e
s
p

o
n

s
e
 to

 E
x
e
rc

is
e

(class average)

Average Heart Rate
(beats per minute)

T
im

e (m
inutes)

0 20 40 60 80
100
120
140

0
1

2
3

8
Before

After
4

5
6

7
10

9

Exercise period

 83 State one benefi t of the increase in average heart rate during exercise.   [1]



Livin
g

 E
n

viro
n

m
e
n

t –
 v2

0
2

60

B
ase your answ

ers to questions 84 and 85 on the inform
ation below

 and on your know
ledge of biology.

A
 C

lothespin E
xperim

ent
A

 student in a L
iving E

nvironm
ent class designed an experim

ent to investigate if the 
num

ber of tim
es a student squeezes a clothespin varies w

ith the hand used. H
er hypothesis 

w
as that students could squeeze a clothespin m

ore tim
es in a m

inute w
hen they used their 

dom
inant hand than w

hen they used their nondom
inant hand.

D
uring her investigation, she fi rst squeezed and released a clothespin as often as possible 

for 20 seconds w
ith her dom

inant hand. She recorded the num
ber of squeezes in a chart.

She perform
ed three trials before resting. A

fter that, she repeated the entire procedure 
w

ith her nondom
inant hand. Som

e of the data are show
n in the table below

.

 84 C
alculate the clothespin-squeezing rates per m

inute and average for the dom
inant hand. R

ecord the data 
in the data table below

 for all three trials, as w
ell as the average squeezing rate per m

inute. You should have 
four num

bers recorded.   [1]

C
lo

th
e
s
p

in
 S

q
u

e
e
z
in

g
 A

c
tiv

ity

T
ria

l

2
0
-S

e
c
o

n
d

C
lo

th
e
s
p

in

S
q

u
e
e
z
in

g

(D
om

inant H
and)

C
lo

th
e
s
p

in
- 

S
q

u
e
e
z
in

g
 R

a
te

 

P
e
r M

in
u

te
 

(D
om

inant H
and)

2
0
-S

e
c
o

n
d

C
lo

th
e
s
p

in

S
q

u
e
e
z
in

g

(N
ondom

inant 
H

and)

C
lo

th
e
s
p

in
- 

S
q

u
e
e
z
in

g
 R

a
te

 

P
e
r M

in
u

te 
(N

ondom
inant 

H
and)

Trial 1
26

___________
18

54
Trial 2

33
___________

28
84

Trial 3
24

___________
29

87
Average

___________
75
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85 A
fter perform

ing the experim
ent, the student’s laboratory w

rite-up indicated that the hypothesis w
as 

supported. D
o you agree w

ith this student? Support your answ
er.   [1]

A
gree (circle one): 

 
Yes 

 
N

o

Support: 
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