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AP® Environmental Science 2021 Scoring Guidelines

Question 1: Design an Investigation

10 points

(a) (i)

(i)

(iif)

(iv)

Identify the scientific question that resulted in the data presented in the graph. 1 point

Accept one of the following:

e What is the relationship between slope and annual erosion rate for four different land

use types?

e Does crop rotation/tilling/not tilling/using cover crops on various slopes

increase/decrease/change erosion rates?

Identify the agricultural practice that could be used on a 15% slope without leading to a 1 point

higher than tolerable loss of soil.

e Crop rotation

Describe the effect of adding a cover crop compared to using the no-till method. 1 point

Accept one of the following:

e Adding a cover crop reduces the annual rate of soil erosion compared to using the no-

till method.

e Adding a cover crop allows planting on greater sloped land before reaching tolerable

loss as compared for the no-till method.

Identify one natural mechanism of soil erosion.
Accept one of the following:

e Moving/flowing water
e Rainfall
e Wind

1 point

Total for part (a) 4 points

(b) (i)

(i)

Identify the dependent variable stated in the hypothesis. 1 point
Accept one of the following:

e The amount of sediment discharge

e The amount of sediment run-off

Describe one way to add a control to improve the design of the study. 1 point

Accept one of the following:

e Add a plot that is bare/does not have straw bales or grass (no ground cover).

e Measure sediment discharge/runoff prior to placing straw bales or planting grass

compared to discharge after the bales/grass are in place (pre-/post-tests).
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(iii) Identify one variable that was not discussed that could affect the results of the study. 1 point
Accept one of the following:

¢ Slope of the plots

e Amount of rainfall

e Composition of the roads

e Distance of the plots from road/stream

e Size of the plots

e Type of soil at the plots

e When the data are collected at the plots (how quickly after rainfall)

(iv) Based on the data in the table above, make a claim about the stated hypothesis. 1 point
Accept one of the following:

e The stated hypothesis is rejected as more sediment resulted from straw bale plots
(plot A) than grass planted plots (plot B).

e The data in the table shows that the grass is more effective at reducing sediment
runoff. The hypothesis should be rejected.

Total for part (b) 4 points

(c) (i) Describe the type of survivorship curve expected for these fish species. 1 point
Accept one of the following:

e Low survival rate in early life, followed by increased chances of survival as the
organism matures.
e Most offspring die at a very young age and few reach maturity.

(ii) Explain why the input of sediment to a stream can negatively affect reproduction of fish 1 point
that lay their eggs in the gravel of the streambed.

Accept one of the following:

e Sediment can cover/bury eggs, which reduces the amount of oxygen, causing them to
die.

e Sediment takes away usable habitat/space resulting in fewer areas for them to lay
eggs causing fewer eggs to survive.

e Sediments can carry toxic/poisonous chemicals, which can negatively impact the eggs
and decrease egg survival.

e Anincrease in sediment can increase the water temperature and result in less
dissolved oxygen/too warm water, which can decrease the viability of the eggs that
have already been laid.

e Sediment can increase water turbidity, which decreases fish navigation/ability to
forage/efficiency of oxygen use which decreases the amount of eggs laid.

Total for part (c) 2 points

Total for question 1 10 points

© 2021 College Board



1A 1o0f2

Question1 Question2 Question3
L O O

. 1 The soenbifie guestion Yhak reguibest 11 the data
: in e gvaph s “what is e effeet of peank

slopt ont anvval &vsion for bor agyruthurad pﬂzmw? :

aii) The agreotwal pachice that couel” be vsed on o 12

slpe vstnent leadling <o a highe Hhom. dolereble feec of

sol (s uep hen.

aiii) The no-hll mebtiat ? Hsell s a higher Haon

Wlerable loss of soil ol & sl ok Nighe, than
avowol Fb. (Ut M ao%’?hbmqg; Covffw crop ‘nu?htg'he/
Wun dolercble (ass of so) dbennd oaw whl aeond
. T acihon the no-hill metheol coh lever crpo
5&@5 consistenHy bows e erson (vl oFf no-Hil
o] vkel # 5 Werelore, 110 &l ot v crgo Is ravet
' at redeeing  Fol eoson, Hrain po-hil

more
bd) u’sdcp/éﬂdt a v/ olecreased Crosien.
) e deg medaviknm of sol eresion is mintell.
b. ) The depmoent vanabic stedeo] in Hhe W""'
bnb)eru amant ef Seimunt rn~ofé

i) The expermenhess cwldao?o’aww‘)—ofw thw
o thin) p;’fnd- of lawd Vuar, a, e uler wnkﬁ?j;fl




1A 20f 2

Question1 Question2 Question 3
L (0] O
BeginyourmpomsbaachquesﬁmatmempdanwugaDonotsldpllnes
" and pet potling ovy methed do zaliee roft dnere. Tius
Would (reate awA%éacom re e ofvter fpo0
s of Hu
i) A variakis JW»P Las M discwssed avid CodAl
d@wmna;f of the sholy s the depe of du
bw)@&mw Horbiciety is nmmx% de,m ok
b—’hh:h A a)avmg&i can Vo

fbm\‘d mﬂ-'iw&.
28un wihl @%ﬂf‘ Jku cbyect coutofn'l' be 3eemn

W Companzan cudth enle 12 cnn & e st bele
plets) ) Mo stadrol hypethesis 15 Wiomeet- beevie
J‘lu shaw bﬁ’ﬂb oo net rroliee mm.tedmw ot
Hen ghm'w’ 314?1 amTLu( "
. mw Q
mw a@ fnmnh( cae o ?
o ofssmg 4 Hl gocuveship
Lovth cm m;ﬁm!{? 4 olvp o{aun Mo?
b]& ovied Haat o &Z/Ibt_‘j:\(’ ’S‘hﬁ_{
eﬂpa)c)ikw A 2 socnvoshy coves
m lallenis o, 4
CH)/’V\\WMMI WL? an \nerede o Tt lbich é
Torbeldy Witreanky means Hpere 1 lae Glos go drne
ot alaodbs moe 2on aud s he bam (1erped)
Gy cakprs hane o Ausohee) exen ans Hhus
iy net be sty enoxth ii{q?rbzﬁa, dve o o (ad ofoxypan,




1B1of2

Question1 Question2 Question3
® O O

Begin your response to each question at the top of a new page. Do not skip lines.
0) 1) How does +he slope 0F an area

ﬁ\\aoje poctice  aHecr i€ awioont  of soll exosion 7

i1) (vop oraxioN is wwe  0gALL MDA Qrachce tow coold ke
USeA OV an avea w] a ¥ogpe of (57 withov+ o\f%'ﬁmn Soil
v 0N tneeding T Wik o& tolevavie \oss,

) The addinon “of o wvev top A4S compayed Yo o o
Wit MO VY (0@ 1eads 10 & Slower YOte of incrase in

SO\ exosion  and mm*:ehjﬁ SS SOL\ -erpsion as siope
jncveases, " "

WYL nosool wacnarism o8 sty @sion is e degierion of
AT RS jn +he soil . It hos o -Lmd.moj o ncrense bxﬁ ons
X Ny %v\ow_ of Yo R, \nvens<es,
L)1) e dogodant vovoble \s e Amovnt of sedwbnt dischagge
from 0O Prot-
W) A Wowy o 080 AtD\ to Fhe study 1S o weasvce a
A plor, Wiin os no - et 8f VDsion prveven-t-ion,"*o
WMOYE tht vesolks i Har 2o orhex plexs. This 3@ Pl
‘LUOU\& SRAVE OS5 A (ol o rovp. loCﬁ":mQ
W) Onl UoNIDDIe ok o\d  DERCCH Yhe (RSUWS 15 Y AEGRAERERR
&w p\ox WERRIRY Twes s o CDnPoundmeS ownable bediy,
-WW\J%\«\ ok ploks € WOy O Y003 LNARY  LonsALCHON |
MAA WBE B2 D0 B G Sioge  wion - o eftesr sof\
AOS0N leodh xo  Wgnax SOk &\mmjo,& VOotf,
WYTE 00S foond AVOX FIo% B, U300 105 DIONKRD IV (LSS,
NOS WY 2 RELROGAVE. N m\mm} SEONNLAY  YON-DEE  (OMPANed 6
Qo R andn v e, W SO bR




1B2of2

Question1 Question2 Question 3
(-] @) 0]

Begin your response to each question at the top of a new page. Do not skip lines.
O)i)An N SV Cuse

1) The tdivanr 0 ngotvey impact Ash ePdUCSH ay
W B,j)N.r AMOUNAS of ceAWwWAnY doxense Ywa avomoxbilinj o€
ONYYN N YR wpdes & (o vweod o \v\jpexic condirions .
. alga
The  stdiment Moy e 4 an  incyreaste in &,
Which  once  decomposed by bactexio, will %MH"j A2 s¢
Omac,)/bh m‘\\abi\{f‘tj (E)ﬁvamﬁcn!)duc to aerbic PROCAKS.

Page 3




1C1of2

Question1 Question2 Question3
& &) )

Begin your response to each question at the top of a new page. Do not skip lines.

D) Tne sciendiFic question wos: What are thne effects of
differeat agricoltural proctices ond slopes on ool

erosion vates.

(id Crop rotation is the cu%ricul’wral practice Hnos
can be vsed at 5% slope but does not go

apove +he level of  Yolerable less.

GiD) When  adding o cover crop, apual erosion
decreases compared 1o using the no-+i\l method.
On the graph, over rop only leads up to about
20 annual erosion tons /acre. While +he no-till
method qoes all e way vp to 30 annual exosion
Tons /ocre.,

B () The dependent waviable i§ whethey stroaw bales
ed\)ce move Sediment than  planted gvass.

Y RO IR )

(i) changing - ¥he temperature the gross and
Strow bales grow in is one way to add a
CONvol.

CGOne vorioble that could efeect the vesdrs is:
where ove the Strow bales ond gross be'w\?
grown* What the climnate /weather condition
arg - may eFfect Hhe experiment results.

(i) The “hypothesis +hat  Straw bales veduce vnore
sed iment 9%9@97 cun-ofF Hnan planted grass
IS true / correct,

Page 2




1C 2 0of 2

Question1 Question2 Question3
& O @)

Begin your response to each question at the top of a new page. Do not skip lines.

COY R \ogistic wyve iy e type of survivorship
Curve expected.

GDIF e wPOY of sediment increasesTleross
Too much , the Fish will ot be able 1o lay
theiy tgos +h0rc TE tnis happens the Fish will
have migrate fo a new area or else +ht\r
population W\\\ Ser- o decrm&:

Page 3




AP® Environmental Science 2021 Scoring Commentary

Question 1
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

Overview

The intent of this question was for students to demonstrate their ability to identify components of a scientific
experiment and to explain concepts related to agricultural practices and soil erosion. Students were expected
to convey an understanding of the sedimentation of waterways.

In part (a) students were expected to demonstrate their ability to answer questions about the effect of four
common agricultural practices on the annual soil erosion rates at various land slopes based on data provided
in a graph [Practice 5-Data Analysis, Practice 1-Concept Explanation, Topic 5.4 Impacts of Agricultural
Practices]. In part (b) students were asked to identify and evaluate various parts of an experiment focused on
decreasing sediment run-off from disturbed land [Practice 4-Scientific Experiments, Topic 4.2 Soil Formation
and Erosion, Topic 8.2 Human Impacts on Ecosystems]. In addition, after being presented with data from the
experiment, students were asked to make a claim about a presented hypothesis. In part (c) students were asked
to describe the survivorship curve of fish species living in streams affected by sediment [Topic 3.3
Survivorship Curves] and asked to explain the effects of sediment run-off on the reproductive ability of these
fish [Practice 7-Environmental Solutions, Topic 8.2 Human Impacts on Ecosystems].

Sample: 1A
Score: 10

One point was earned in part (a)(i) for identifying the scientific question “what is the effect of percent slope on
annual erosion for four agricultural practices?” One point was earned in part (a)(ii) for identifying “crop rotation”
as the agricultural practice. One point was earned in part (a)(iii) for describing “no till with cover crop is much
more effective at reducing soil erosion than no-till by itself.” One point was earned in part (a)(iv) for identifying
“rainfall” as a natural mechanism of soil erosion. One point was earned in part (b)(i) for identifying “the amount
of sediment run-off” as the dependent variable. One point was earned in part (b)(ii) for describing one way to
“add a control group [is] by getting a third plot of land near a road under construction and not putting any method
to reduce run-off there.” One point was earned in part (b)(iii) for identifying “the slope of the different plots” as
one variable that was not discussed that could affect the results of the study. One point was earned in part (b)(iv)
for making a claim that “the stated hypothesis is incorrect because the straw bales do not reduce more sediment
run-off than planted grass does.” The response supports the claim with “the planted grass was more effective
because it took 28 cm until the object couldn't be seen in comparison with only 12 ¢cm for the straw bale plots.”
One point was earned in part (c)(i) for describing “fish lay several (hundreds) of eggs at a time and ... they display
a Type III survivorship curve with very few surviving initially, a [population] drop down, and then a stabilizing of
the ones that do survive.” One point was earned in part (c)(ii) for explaining, “An increase in sediment equals an
increase in turbidity [which] means there is less albedo so the water absorbs more sun and ... the temperature
increases. Warmer waters have less dissolved oxygen and ... fish may not be healthy enough to reproduce, due to
a lack of oxygen.”
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Question 1 (continued)

Sample: 1B
Score: 6

One point was earned in part (a)(i) for identifying the scientific question “how does the slope of an area and
tillage practice affect the amount of soil erosion?” One point was earned in part (a)(ii) for identifying “Crop
rotation” as the agricultural practice. One point was earned in part (a)(iii) for describing, “The addition of a cover
crop as compared to a no till with no cover crop leads to ... less soil erosion.” No point was earned in part (a)(iv).
One point was earned in part (b)(i) for identifying “the amount of sediment discharge” as the dependent variable.
One point was earned in part (b)(ii) for describing “A way to add [a] control to the study is to measure a third plot,
which has no treatment of erosion prevention.” One point was earned in part (b)(iii) for identifying “one variable
that could affect the results is the location of each plot ... because ... both plots ... may not be on the same slope.”
No point was earned in part (b)(iv). No point was earned in part (c)(i). No point was earned in part (c)(ii).

Sample: 1C
Score: 3

One point was earned in part (a)(i) for identifying the scientific question “What are the effects of different
agricultural practices and slopes on annual erosion rates.” One point was earned in part (a)(ii) for identifying
“Crop rotation” as the agricultural practice. One point was earned in part (a)(iii) for describing, “When adding a
cover crop, anual erosion decreases compared to using the no-till method.” No point was earned in part (a)(iv). No
point was earned in part (b)(i). No point was earned in part (b)(ii). No point was earned in part (b)(iii). No point
was earned in part (b)(iv). No point was earned in part (c)(i). No point was earned in part (c)(ii).
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