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AP® Biology 2023 Scoring Guidelines
Question 3: Scientific Investigation 4 points

Sand lances of the genus Ammodytes are small fish that function as keystone organisms in several coastal
ecosystems. These sand lances are prey fish that support organisms at higher trophic levels. Scientists
performed experiments to examine how sand lance populations are likely to be affected by the rising
temperatures and CO, levels associated with climate change.

Sand lance embryos typically develop and mature into adult fish at low temperatures (approximately 5°C)
and stable, low CO, levels (approximately 400 patm). Over the course of two years, the scientists measured

the survival rate of sand lance embryos allowed to develop and mature in a laboratory at three different
temperatures, 5°C, 7°C, and 10°C, with the level of CO, maintained at 400 patm, 1,000 patm, and

2,100 patm for each temperature.

(a) Describe the effect of increased biodiversity on the resilience of an ecosystem in a 1 point
changing environment.
e (Ecosystem) resilience/it will be greater (with increased biodiversity).

(b) Justify the scientists’ selecting 5°C as the lowest temperature and 400 patm as the lowest 1 point
CO, level in their study of sand lance embryo survival.
Accept one of the following:
e These are the normal/current conditions at which the embryos develop and were

used as a basis for comparison.
e These (current) conditions were used as a basis to compare the effects of changes in
environmental conditions/increases in temperature and CO,.

(c) State a null hypothesis for the experiment. 1 point
Accept one of the following:
e Climate change will have no effect on sand lance (embryo) survival/sand lance

development/the size of sand lance populations.

e (Increases in) temperature/ CO, levels will have no effect on sand lance (embryo)

survival/sand lance development /the size of sand lance populations.

e There will be no difference in the sand lance (embryo) survival rates/sand lance

development/the size of sand lance populations measured at all/different

temperatures and CO, levels.

(d) The scientists claim that a reduction in the population size of the Ammodytes sand lances 1 point
will affect the stability of the entire coastal ecosystem. Provide reasoning to support the
scientists’ claim.
Accept one of the following:
e There will be a negative effect on other trophic levels because the sand lance
provides food for many other species.
e There will be a negative effect on other trophic levels because there will be reduced
energy to transfer (to higher trophic levels).

Total for question 3 4 points
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Q3 Sample A 1 of 1

BEGIN Question3 =

Begin your response to QUESTION 3 on this page. Do not skip lines. .~

~ Inartasing biodivesity will alio ingeare dhe reiliance o O ecayston
N o haging ewienmet becawe if toe was o chage, @ small grovy
W P ewsysten  (all only be the oner @hckd o aet the majority,
The Sclaafists selected 5°C and 400t « Het [owert CO2 fovels @
e contol quup Sine sed  fores normally develop ool matut 1 Hhee

- loditons The  Sutatists can Use this (D grup fo wmpore wth oThe
Operinovtal goups fo obseve He changes To & lantey in respense +o chinger]
Tre Aull hypothesis 1s thet the g in (03 ayof temperatue |evels !
have nre affect on the  sand lante populoation  and Heir rate of ou rvial.

© Becaute Sand lancer are clagified ar a Keysrtone spedes they ae vey
Importart to onbol ¥ Caumnmet/ ecosysten.Bed uang the Sond lonces Con
Jq.-m,, He k(mJMd £ Tertiay consumess thet prg 0n iywhie f‘nwaﬂhg
Ao poducer  populotivn. UHimetely,the population of cand [ance prootors ioud
decrease becaure of e lack of Pod & competition hakivg the. ecosy cHom nshable)

Unauthorized copying or reuse of this page s illegal. Page 8 GO ON TO THE NEXT PAGE.

AR BREREHENEN dENNERE : ' ' |
N 1t e . 1 . * -. - L L !

Use a pen with black or dark biue ink only. Do NOT write your name. Do NOT write outside the box.

O P T




Q3 Sample B 1 of 1

]

il ‘LEFLEY : . , e 'RE .
. - - 1 i N .. . # "

-

BEGIN Question 3 - q

b)The scientists sélected S°C as the

z) Kmn tem

cl) The /”fmn’IOdyft’J sand lanoes are a ke}ﬁ-Pona

Unauthorized copying or reuse of this page is illegal. Page 8

Begin your mwwmsmmm Donouldpilnu

)Increased odll/ersn‘! hcreases the
resilience o an ecpsystem in a iii,”j’”ﬁ
enwronmenJr lhce re QLS;, a +

rie or qnfsms n the Ecosystem,
ll{ere yrs 2 qrbater rkejrhoO q{
Some of fHe organisms wil Surl/tl/e.

owest femperatyre £ $00 patm as the
owest CO; feve,l gec Use -l’hfése are normq}
Londi :ons and can be Used as a Contro
erouf 0 (,omFare, fo the development
mb r)/os at ofher +emPem ures and
Z 81/ Y

Pemfure«s and 0, |evels have
no effect on the 6V@lo]t>menf of
sand la nce embr 0.

Tpeués In e coas{’ | 6605)(5 ems, meaniny

at a reduc w? thon
size would resuI m Fe uc loilversu/
m Hhe 6(,05/6‘ em, owexﬁng ecos)/sfem

abm”y

GO ON TO THE NEXT PAGE.

Use a pen with black or dark biue ink only. Do NOT write your name. Do NOT write outside the box.

oe © e o o * wee @




Q3 Sample C 1 of 1
oY

BEGIN Question 3

Begin your response to QUESTION 3 on this page. Do not skip lines.

1 i onronent h
?«J Jﬁuﬁ:ﬁ?ﬁ% @MZWM ‘W m%m

b)y \ “\u st by e Iboekon, scientiths ane_
6)‘08 m& g\cw\;\MFnA}Wo& Q«Aﬂ'ﬁw :?m( fr *‘L_ y./\_’._
laces .

C) A’h WU thye. ~ LWWLLW\L snd CI)Z [DUL{, AM)W‘-
L\QW/ fn bt 1 H’\L &Mbwfh MOLD(M//- ot sad [ecey,

A) Sine gnd lay s & ko»fbu, argpaism. Fe %MM
(q;‘ & fCoSq)J(M\,s, Wicda Melang o \Paimd prey on Ho
s becas. O 1% Pames o deoneog ‘e 3eanh ks, ‘H«»\
N paiding lm)kw W i~ e boid s [oou, e Sumree oF vmw%

ik woald Hn gHed Hhm

Unauthorized copying or reuse of this page ls liegal. Page 8 GO ON TO THE NEXT PAGE.
Use a pen with black or dark biue ink only. Do NOT write your name,. Do NOT write outaide the box.

AR AR ERERE R R R R R R R R R R R R R R E R R R RN AR R R R R AR R RRERRRRRREERRE

e o oo O e o o L s @




AP® Biology 2023 Scoring Commentary

Question 3
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

Overview

The stimulus of Question 3 described small fish called sand lances (4dmmodytes spp.) that function as keystone
organisms and are preyed upon by organisms at higher trophic levels. A scientific investigation into the effect of
rising temperatures and CO, levels on sand lance development was presented.

In part (a) students were expected to describe that increased biodiversity results in increased ecosystem resilience
(Skill 1.A; Learning Objective [LO] SYI-3.F from the AP Biology Course and Exam Description [CED]).

In part (b) students were asked to justify the use of the control conditions in the experiment (Skill 3.C).
In part (c) students were expected to write a null hypothesis for the experiment (Skill 3.B).

Part (d) described a claim of the scientists that “a reduction in the population size of the Ammodytes sand lances
will affect the stability of the entire coastal ecosystem.” Students were asked to provide reasoning to support the
claim (Skill 6.B; LO SYI-3.G).

Sample: 3A
Score: 4

The response earned 1 point in part (a) for describing the effect of increased biodiversity as greater resilience. The
response earned 1 point in part (b) for justifying scientists’ selection of 5°C as the lowest temperature and 400 patm

as the lowest CO, level “since sand lances normally develop and mature in those conditions,” allowing them “to

compare with other experimental groups to observe the changes to sand lances.” The response earned 1 point in
part (c) for stating that “the changes in CO, and temperature levels will have no affect on the sand lance population

and their rate of survival.” The response earned 1 point in part (d) for supporting the claim that with a reduction in
the population size of the Ammodytes sand lances, “the population of sand lance predators would decrease because
of the lack of food.”

Sample: 3B
Score: 3

The response earned 1 point in part (a) for describing that increased biodiversity “increases the resilience.” The
response earned 1 point in part (b) for justifying the scientists’ selection of 5°C as the lowest temperature and

400 patm as the lowest CO, level as “these are normal conditions and can be used ... to compare to the
development of embryos at other temperatures and CO, levels.” The response earned 1 point in part (c) for stating,
“Rising temperatures and CO, levels have no effect on the development of sand lance embryos.” The response did

not earn a point in part (d) because it does not support the claim with the reasoning that there will be a negative
effect on other trophic levels because the sand lance provides food or energy for other trophic levels.

Sample: 3C
Score: 2

The response did not earn a point in part (a) because it does not describe the effect of increased biodiversity as
greater resilience. The response did not earn a point in part (b) because, while it indicates that the scientists’
selection of 5°C as the lowest temperature and 400 patm as the lowest CO, level simulated “natural conditions” at

which embryos develop, it does not justify that these conditions were used as a basis for comparison, or these
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AP® Biology 2023 Scoring Commentary

Question 3 (continued)

conditions were used as a basis to compare the effects of changes in environmental conditions. The response
earned 1 point in part (c) for stating, “An increase in temperature and CO, levels doesn’t have an effect on the
embryo development of sand lances.” The response earned 1 point in part (d) for supporting the claim that a

reduction in the population size of the Ammodytes sand lances would have the result that “organisms higher up in
the food chain loose a source of energy.”

© 2023 College Board.
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