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Keystone Species, and the Fragile Equilibrium of
Ecological Systems

An original essay for advanced SAT Verbal preparation

A forest, a coastline, a grassland — each appears to the casual observer as a collection of
organisms living in proximity, their relationships incidental or merely competitive. This
impression, while understandable, is profoundly misleading. What ecology has revealed
over the past century of sustained inquiry is that natural communities are not
aggregations but architectures: intricately organized systems in which energy flows along
defined pathways, species occupy functional roles as precisely as components in a
machine, and the removal or disruption of a single element can propagate consequences
through the entire structure with a speed and thoroughness that no superficial
observation would predict. The concept of ecological equilibrium — the capacity of an
undisturbed system to sustain its diversity and its functional relationships across time —
is not a romantic notion borrowed from pre-scientific nature writing. It is a rigorously
documented property of living systems, one whose mechanisms are now understood in
considerable detail, and whose violation by human activity has produced consequences
both instructive and sobering.

The energy pyramid: a architecture of constrained abundance

The foundational framework for understanding how ecological communities are
organized is the energy pyramid, a concept formalized by the ecologist Charles Elton in
the 1920s and refined by subsequent generations of researchers. The pyramid captures a
simple but consequential thermodynamic reality: energy is lost at each transfer between
trophic levels. When a plant converts solar radiation into chemical energy through
photosynthesis, it captures approximately one to two percent of the light energy available
to it. When a herbivore consumes that plant, it assimilates roughly ten percent of the
plant's stored energy into its own biomass — the remainder is lost as heat, expended in
digestion and movement, or passed through as waste. The same ten percent rule applies,
approximately, at each subsequent level: a carnivore consuming the herbivore retains
about ten percent of the herbivore's energy, and a top predator consuming that carnivore
retains ten percent again.

The implications of this cascading energy loss are structural. Because each successive
trophic level receives only a fraction of the energy available to the level below it, higher
trophic levels must necessarily support smaller populations. The base of the pyramid —
the primary producers, the photosynthetic plants, algae, and cyanobacteria that fix solar
energy into organic matter — is by far the most abundant level in terms of both biomass
and individual numbers. Above it, primary consumers — herbivorous insects, grazing
mammals, zooplankton — exist in smaller quantities. Secondary consumers are smaller



still, and apex predators, at the pyramid's narrow summit, are typically rare relative to
the teeming populations they ultimately depend upon. A single wolf requires the caloric
equivalent of many elk, which in turn require vast acreages of grass and forb. This is not
inefficiency but geometry: the inevitable shape of any system organized around
thermodynamic reality.

The pyramid's lower tiers include two categories of organism whose roles are frequently
underappreciated in popular accounts of ecology: detritivores and decomposers.
Detritivores — organisms such as vultures, dung beetles, millipedes, and certain
crustaceans — consume dead organic matter, fragmenting it into smaller particles and in
the process making nutrients available to the organisms that complete the cycle. Vultures,
for instance, perform a sanitary and epidemiological function of considerable importance:
their highly acidic digestive systems destroy pathogens including anthrax and botulinum
toxin that would otherwise persist in carcasses and infect other scavengers or grazing
animals. The catastrophic decline of vulture populations across South Asia following
widespread veterinary use of the anti-inflammatory drug diclofenac — a drug lethal to
vultures but harmless to livestock — led to dramatic increases in feral dog populations
feeding on unprocessed carcasses, with associated increases in rabies transmission to
humans. The vulture, often regarded as merely repellent, turned out to be providing an
ecosystem service of direct public health significance. Decomposers — principally fungi
and bacteria — operate at a finer scale still, breaking complex organic molecules into their
constituent mineral components and returning nitrogen, phosphorus, carbon, and other
elements to the soil and water where primary producers can access them again. Without
decomposers, the nutrient cycles that sustain all life would grind to a halt within decades,
locked in ever-accumulating deposits of unprocessed organic material. The pyramid's
base is not merely its foundation but its recycling system, the mechanism through which
the entire structure perpetually renews itself.

Robert Paine and the keystone species concept

Within this architectural framework, ecologists long assumed that community stability
was a property distributed across the system — that no single species was so central to the
whole that its removal would trigger systemic collapse. This assumption was overturned
by a series of elegant field experiments conducted in the 1960s by the American marine
ecologist Robert T. Paine along the rocky intertidal shores of Washington State. Paine was
studying communities of starfish, mussels, barnacles, limpets, and algae in the wave-
swept zone between tidal marks — a habitat of high biological diversity packed into a
narrow vertical band of rock. He devised a simple but audacious experiment: he
systematically removed the dominant predator, the ochre sea star Pisaster ochraceus,
from an experimental plot and monitored what happened to the community in its
absence.

The results were dramatic and theoretically transformative. Without Pisaster to prey upon
them, mussel populations exploded, carpeting the rock surface and competitively
excluding nearly every other species from the experimental plot. Within months, a
community of fifteen to twenty species had been reduced to a near-monoculture of
mussels. The control plot, where Pisaster remained, maintained its full diversity. Paine
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concluded that Pisaster was playing a role in the community wholly disproportionate to
its numerical abundance — that it was, in effect, holding open the ecological space for
dozens of other species by preventing any single competitor from monopolizing the
available substrate. He termed such disproportionately influential species keystone
species, borrowing the architectural metaphor of the central stone in an arch that locks
all other stones in place: remove it, and the structure collapses. The concept proved one
of the most generative in twentieth-century ecology, reshaping conservation biology,
wildlife management, and ecosystem restoration in ways that continue to accumulate.

Wolves, willows, and the Yellowstone cascade

The most celebrated demonstration of keystone dynamics in a terrestrial ecosystem is the
reintroduction of gray wolves to Yellowstone National Park in 1995, following a seventy-
year absence during which they had been systematically exterminated from the American
West. The reintroduction, controversial at the time among ranching communities and
hunting interests, has since become one of the most intensively studied natural
experiments in the history of ecology — and its results have illuminated the concept of the
trophic cascade with a richness of detail that no laboratory study could have generated.

The trophic cascade, a concept developed and formalized by Paine and subsequently
elaborated by ecologists including William Ripple and Robert Beschta, describes the
indirect effects that propagate through an ecosystem when a top predator is added or
removed. In Yellowstone, the mechanism operated as follows. In the absence of wolves,
elk populations had grown large and were largely free of the behavioral constraints
imposed by predation risk. Elk grazed heavily and persistently along riverbanks and valley
floors, consuming willow, aspen, and cottonwood seedlings before they could establish.
Stripped of riparian vegetation, stream banks eroded, water temperatures rose as shade
was lost, and the habitat available to beaver, songbirds, and cold-water fish contracted
dramatically. The absence of a single predator species had, through a chain of behavioral
and vegetative consequences, altered the physical geography of stream channels.

The return of wolves reversed this cascade through two distinct mechanisms: direct
predation, which reduced elk numbers, and what ecologists call the landscape of fear —
the behavioral modification of elk movement patterns in response to predation risk. Elk
in Yellowstone after wolf reintroduction avoided lingering in open valley floors and
riverside meadows where wolves could easily pursue them, moving instead into terrain
that offered cover and escape routes. This behavioral shift, as much as the numerical
reduction in elk, allowed riparian vegetation to recover. Willows and aspens regenerated
along stream banks, their root systems stabilizing soils and reducing erosion. Beaver,
whose engineering activity — dam construction, channel modification — creates wetland
habitat for dozens of other species, returned in significant numbers as willow stands
recovered. Songbird diversity increased as shrub cover thickened. Stream temperatures
dropped as shade returned, improving conditions for native trout. The physical structure
of Yellowstone's river channels measurably changed — a phenomenon some researchers
described, with a phrase that has become famous in popular ecological writing, as the
wolves changing the rivers. The trophic cascade had operated not merely through the food



web but through the landscape itself, demonstrating that the consequences of predator
presence or absence are ecological in the fullest sense of that word.

Sea otters, urchins, and the kelp forest coast

A parallel cascade, equally instructive and carrying more immediate conservation
urgency, has been documented along the Pacific coast of North America in the
relationship between sea otters, sea urchins, and kelp forests. Kelp forests — dense
underwater canopies of giant brown algae reaching heights of thirty meters or more — are
among the most productive and biodiverse marine ecosystems on the planet, supporting
hundreds of species of fish, invertebrates, and marine mammals, and providing nursery
habitat for commercially important fisheries. They are also among the most dramatically
altered ecosystems on the North American coast, their fate tied with exceptional
directness to the history of a single mammal species.

Sea otters were hunted to near-extinction across their North Pacific range during the
maritime fur trade of the eighteenth and nineteenth centuries, their extraordinarily dense
fur making them among the most commercially valuable animals ever harvested. In areas
where otters were eliminated, sea urchin populations — normally suppressed by otter
predation — exploded into what ecologists call urchin barrens: vast expanses of seafloor
dominated by urchins that had consumed every available piece of kelp, leaving behind a
denuded substrate supporting perhaps five percent of the species diversity of a healthy
kelp forest. The connection was not immediately obvious, because the elimination of
otters and the collapse of kelp forests were separated in time and required careful analysis
to link causally. The ecologist James Estes and his colleagues, working across Aleutian
Island sites with and without otter populations, documented the relationship with a
clarity that made it a canonical example of keystone predation in marine systems.

Where sea otters have recovered, through legal protection following the 1911 Fur Seal
Treaty and subsequent conservation legislation, kelp forests have returned with them.
The otter-urchin-kelp cascade carries implications beyond biodiversity: kelp forests are
significant carbon sinks, absorbing carbon dioxide from seawater and sequestering
organic carbon in deep water when kelp fronds sink after dying. Their destruction releases
stored carbon and eliminates a source of ongoing sequestration. The erosion of coastal
bluffs and beaches in areas where kelp forest loss has removed the wave-buffering effect
of offshore canopy structure represents a further material consequence — one with direct
implications for coastal communities and infrastructure. A species hunted for its fur turns
out to have been maintaining the structural integrity of an entire coastal ecosystem,
including the shoreline itself.

Equilibrium as a dynamic property

The word equilibrium, applied to ecological systems, requires careful qualification. It does
not mean stasis — natural communities are never static, varying seasonally, responding
to climatic fluctuation, absorbing the consequences of disease outbreaks, fire, and flood.
What it denotes, more precisely, is dynamic stability: the capacity of a system to absorb
disturbance and return to its characteristic structure and species composition over time.
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A forest recovering from a natural fire, an intertidal community rebuilding after a storm,
a predator-prey system oscillating within a bounded range of population sizes — these are
all expressions of ecological equilibrium in the dynamic sense. The system has resilience:
a property analogous to the elasticity of a material that deforms under stress but returns
to its original shape when stress is removed.

What human activity has repeatedly demonstrated is that this resilience has limits, and
that the most consequential disruptions are those that remove the keystone species and
apex predators whose disproportionate influence holds the system's structure in place.
Below a certain threshold of predator abundance, the regulatory mechanisms that prevent
competitive exclusion and maintain diversity cease to function. The system does not
merely oscillate — it transitions to an alternative stable state, a fundamentally different
configuration of species and energy flows that may persist indefinitely even after the
original disturbance is removed. Urchin barrens, once established, are self-reinforcing:
dense urchin populations consume any kelp recruitment before it can establish,
preventing the forest recovery that would require the urchin populations to be
suppressed. Restoring the original state requires active intervention — not merely the
cessation of harm but the deliberate rebuilding of the functional relationships that
sustained the system.

This is the deepest lesson that trophic ecology has to offer: that the equilibrium of natural
systems is not passive but maintained — held in place by the continuous activity of
organisms whose functional roles we are only beginning to map with adequate
comprehensiveness. Robert Paine's sea star experiment, the Yellowstone wolf
reintroduction, the sea otter's governance of the kelp coast — each demonstrates that the
living world is organized around relationships of mutual dependence that are invisible
until broken, and that the cost of breaking them is borne not only by the species directly
involved but by the entire architecture of life that their interactions sustain. To
understand an ecosystem is to understand that every species, from the apex predator to
the soil bacterium, occupies a position in a structure whose integrity depends on all of
them remaining in place — and that what we choose to remove, we may find ourselves
unable to restore.
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SECTION A — Main Idea of the Passage (2 Questions)

These questions test the ability to identify what the passage as a whole argues, as distinct from
what individual sections illustrate or support.

Question 1

A forest, a coastline, a grassland — each appears to the casual observer as a collection of
organisms living in proximity, their relationships incidental or merely competitive. This
impression, while understandable, is profoundly misleading. What ecology has revealed
over the past century of sustained inquiry is that natural communities are not aggregations
but architectures: intricately organized systems in which energy flows along defined
pathways, species occupy functional roles as precisely as components in a machine, and the
removal or disruption of a single element can propagate consequences through the entire
structure with a speed and thoroughness that no superficial observation would predict.

Q1. Which of the following best states the central claim of the passage as a whole?

A. Apex predators are the most important organisms in any ecological system and their
removal inevitably leads to environmental collapse.

B. Ecological communities are structurally organized systems in which
species occupy interdependent functional roles, and disruption of key
species can destabilize the entire system.

C. Human activity has caused irreversible damage to ecosystems by removing keystone
species, making recovery impossible without active intervention.

D. The energy pyramid model, developed by Charles Elton, remains the most
comprehensive framework for understanding how natural communities maintain
stability.

Answer & Hint: B — Passage-wide scope; eliminates A (too narrow), C (too absolute on
irreversible’), D (one framework # central claim)

Question 2

This is the deepest lesson that trophic ecology has to offer: that the equilibrium of natural
systems is not passive but maintained — held in place by the continuous activity of
organisms whose functional roles we are only beginning to map with adequate
comprehensiveness. Robert Paine's sea star experiment, the Yellowstone wolf
reintroduction, the sea otter's governance of the kelp coast — each demonstrates that the
living world is organized around relationships of mutual dependence that are invisible until
broken, and that the cost of breaking them is borne not only by the species directly involved
but by the entire architecture of life that their interactions sustain.

Q2. The author's use of the word 'maintained’ in the closing section primarily serves to:
A. suggest that ecological balance is achieved naturally and requires no external
management or human intervention.

B. imply that scientists have fully mapped the functional roles of all species in major
ecosystems.



C. distinguish between a passive, self-sustaining equilibrium and one that
depends on the active participation of specific organisms.

D. argue that the concept of equilibrium is fundamentally flawed as a description of
ecological systems.

Answer & Hint: C — Word-in-argument; ‘not passive but maintained' is a deliberate contrast;
track the logic of the sentence

SECTION B — Purpose of a Statement or Passage Section (2 Questions)

These questions ask why the author includes a specific example, quote, or section — what

argumentative work it performs — rather than what it literally describes.

Question 3

The catastrophic decline of vulture populations across South Asia following widespread
veterinary use of the anti-inflammatory drug diclofenac — a drug lethal to vultures but
harmless to livestock — led to dramatic increases in feral dog populations feeding on
unprocessed carcasses, with associated increases in rabies transmission to humans. The
vulture, often regarded as merely repellent, was providing an ecosystem service of direct

public health significance.

Q3. The author includes the example of vulture population decline and its consequences
primarily to:
A. argue that the pharmaceutical industry bears primary responsibility for biodiversity
loss in South Asia.

B. demonstrate that detritivores, though often overlooked, perform
ecologically and socially critical functions whose disruption carries
measurable consequences.

C. provide evidence that feral dog populations are the principal vector of rabies
transmission in densely populated regions.

D. illustrate that the energy pyramid model fails to account for the role of scavengers in
ecological systems.

Answer & Hint: B — Purposive reading; the example is placed in the detritivores section to
elevate a 'frequently underappreciated’' category — not to argue about pharma or dogs

Question 4

Paine was studying communities of starfish, mussels, barnacles, limpets, and algae in the

wave-swept zone between tidal marks — a habitat of high biological diversity packed into a

narrow vertical band of rock. He devised a simple but audacious experiment: he

systematically removed the dominant predator, the ochre sea star Pisaster ochraceus, from
an experimental plot and monitored what happened to the community in its absence. The

results were dramatic and theoretically transformative.



Q4. The author describes Paine's experiment as 'simple but audacious' in order to:
A. suggest that Paine lacked the resources for more sophisticated experimental design
and was forced to rely on elementary methods.

B. indicate that the experiment's elegance lay in its directness, and that its
conceptual boldness was what made it scientifically consequential.

C. contrast Paine's field methods with the laboratory-based approaches that dominated
ecology at the time.

D. imply that the scientific community initially dismissed Paine's findings as
insufficiently rigorous.

Answer & Hint: B — Authorial tone and word choice; 'simple’' = methodological directness,
‘audacious' = willingness to challenge prevailing assumptions — both are compliments

SECTION C — Which Statement Provides Evidence for a Claim (2
Questions)

These questions present a claim from the passage and ask which answer choice most directly
supports it as evidence. Eliminate options that are true but tangential.

Question 5

The passage claims that the behavioral modification of elk — rather than their numerical
reduction alone — was a significant mechanism through which wolf reintroduction restored
Yellowstone's ecosystem.

Q5. Which of the following statements from the passage most directly supports this claim?

A. "The trophic cascade describes the indirect effects that propagate through an
ecosystem when a top predator is added or removed."

B. "Elk in Yellowstone after wolf reintroduction avoided lingering in open
valley floors and riverside meadows where wolves could easily pursue them,
moving instead into terrain that offered cover and escape routes."

C. "The return of wolves reversed this cascade through two distinct mechanisms: direct
predation, which reduced elk numbers, and what ecologists call the landscape of fear."

D. "Beaver, whose engineering activity creates wetland habitat for dozens of other
species, returned in significant numbers as willow stands recovered."

Answer & Hint: B — Evidence precision; C names both mechanisms but does not specifically
evidence the behavioral one; B gives the concrete behavioral detail that directly supports the
claim



Question 6

The passage argues that the destruction of sea otter populations had consequences extending
beyond biodiversity loss to include physical and climatic effects.

Q6. Which of the following statements from the passage best supports this argument?

A. "Sea otters were hunted to near-extinction across their North Pacific range during
the maritime fur trade of the eighteenth and nineteenth centuries, their extraordinarily
dense fur making them among the most commercially valuable animals ever harvested."

B. "The otter-urchin-kelp cascade carries implications beyond biodiversity:
kelp forests are significant carbon sinks, absorbing carbon dioxide from
seawater and sequestering organic carbon in deep water when kelp fronds
sink after dying."

C. "The connection was not immediately obvious, because the elimination of otters and
the collapse of kelp forests were separated in time and required careful analysis to link
causally."

D. "Where sea otters have recovered, through legal protection following the 1911 Fur
Seal Treaty and subsequent conservation legislation, kelp forests have returned with
them."

Answer & Hint: B — Directly evidences 'beyond biodiversity' with carbon sequestration and
coastal erosion; A is historical context, C is methodology, D is recovery — none extend to
physical/climatic effects

SECTION A — Inference (1 Question)

Inference questions require the reader to draw a conclusion that the passage supports but
does not state explicitly. The correct answer follows necessarily from the text; the wrong
answers either overreach or contradict.

Question 7

Below a certain threshold of predator abundance, the regulatory mechanisms that prevent
competitive exclusion and maintain diversity cease to function. The system does not merely
oscillate — it transitions to an alternative stable state, a fundamentally different
configuration of species and energy flows that may persist indefinitely even after the
original disturbance is removed. Urchin barrens, once established, are self-reinforcing:
dense urchin populations consume any kelp recruitment before it can establish, preventing
the forest recovery that would require the urchin populations to be suppressed. Restoring
the original state requires active intervention — not merely the cessation of harm but the
deliberate rebuilding of the functional relationships that sustained the system.

Q7. Based on the passage, which of the following can most reasonably be inferred about
ecosystems that have transitioned to an alternative stable state?

A. They will eventually return to their original configuration once the source of
disruption has been fully eliminated.



B. They are incapable of supporting any form of biological life and represent a terminal
condition for the affected habitat.

C. Their recovery to the original state is unlikely to occur through natural
processes alone and will typically require deliberate human intervention.

D. They demonstrate that the energy pyramid model is an inadequate framework for
predicting ecological outcomes under stress.

Answer & Hint: C — Inference from evidence; the passage states recovery requires ‘not merely
cessation of harm but deliberate rebuilding’'— A directly contradicts this; B overstates; D is out of
scope

SECTION B — Words in Context (4 Questions)

These questions ask for the meaning of a word or phrase as it functions in its specific context.
The correct answer preserves the author's precise argumentative intent. Beware of options
that reflect a common dictionary meaning of the word but do not fit the passage's logic.

Question 8

What ecology has revealed over the past century of sustained inquiry is that natural
communities are not aggregations but architectures: intricately organized systems in which
energy flows along defined pathways, species occupy functional roles as precisely as
components in a machine, and the removal or disruption of a single element can propagate
consequences through the entire structure.

Q8. As used in the opening paragraph, the word 'aggregations' most nearly means:

A. complex interdependent networks of organisms linked by energy and nutrient
exchange.

B. random or incidental collections of organisms with no meaningful
structural relationship.

C. populations of a single species gathered in a shared habitat for reproductive
purposes.

D. communities shaped by competition for limited resources such as food, light, and
territory.

Answer & Hint: B — Contrast logic; 'not aggregations but architectures' sets up a binary —

aggregations must mean the opposite of structured, purposeful organization; eliminates A and D
which imply structure

Question 9

Paine concluded that Pisaster was playing a role in the community wholly disproportionate
to its numerical abundance — that it was, in effect, holding open the ecological space for
dozens of other species by preventing any single competitor from monopolizing the
available substrate.
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Q9. Asused in this sentence, the phrase 'holding open the ecological space' most nearly
means:

A. physically clearing the rock surface so that sessile organisms have room to attach and
grow.

B. maintaining the geographic boundaries of the intertidal zone against encroachment
by terrestrial species.

C. preserving the conditions that allow multiple species to coexist by
preventing any single species from dominating.

D. expanding the total area of suitable habitat available to organisms in the intertidal
community.

Answer & Hint: C — Figurative precision; 'space’ here is ecological opportunity, not physical

area — the key is 'preventing any single competitor from monopolizing'; A is too literal, D
contradicts the passage

Question 10

The word equilibrium, applied to ecological systems, requires careful qualification. It does
not mean stasis — natural communities are never static, varying seasonally, responding to
climatic fluctuation, absorbing the consequences of disease outbreaks, fire, and flood. What
it denotes, more precisely, is dynamic stability: the capacity of a system to absorb
disturbance and return to its characteristic structure and species composition over time.

Q10. As used in this passage, 'stasis' most nearly means:
A. acondition of rapid and unpredictable change driven by external environmental
pressures.
B. a state of complete, unchanging stillness or arrested development.

C. atemporary pause in ecological succession before a community reaches its climax
state.

D. the gradual decline of species diversity in an ecosystem undergoing chronic
disturbance.

Answer & Hint: B — Definitional contrast; the author immediately clarifies that communities 'are
never static' and vary seasonally — stasis is being rejected as a synonym for equilibrium
precisely because it implies no change whatsoever
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Question 11

A single wolf requires the caloric equivalent of many elk, which in turn require vast acreages
of grass and forb. This is not inefficiency but geometry: the inevitable shape of any system
organized around thermodynamic reality.

Q11. The author's use of the word 'geometry' in this context is best understood as referring
to:

A. the spatial arrangement of species across a landscape as determined by their
energetic requirements.

B. the mathematical principles governing the relationship between predator home
range and prey density.

C. the inevitable structural consequence of energy loss at each trophic level,
which determines the relative abundance of organisms at each level.

D. the branch of ecology concerned with measuring and mapping the physical
dimensions of animal territories.

Answer & Hint: C — Metaphorical precision; 'geometry’ here means shape/structure as a logical
necessity — the pyramid's narrowing tiers are the 'inevitable shape' produced by thermodynamic
law; not literal spatial geometry

SECTION A — Conventions of Standard English (4 Questions)

Each question below presents a sentence adapted from the essay with one deliberate
grammatical or stylistic error introduced. Select the option that corrects the error while best
preserving the meaning and tone of the original.

Question 12

Error Type Introduced: Subject-verb agreement across an interrupting prepositional phrase

The following sentence has been adapted from the essay's section on the energy pyramid. One
error has been introduced:

The density and variety of flint debris at Gobekli Tepe, along with the large limestone
fragments protruding from the hillside, were telling Schmidt that tool production had
occurred here at an industrial scale — far beyond anything consistent with a small
settlement.

Note: For this question, treat the sentence as standing alone, independent of its original
source essay.

Q12. Which choice best corrects the underlined portion of the sentence?

A. were telling
B. told

C. have told
D. are telling
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Answer & Hint: B — Subject-verb agreement + tense; the true subject is 'density and variety'
(singular concept), the phrase 'along with..." is parenthetical and does not create a plural subject;
past simple 'told’ fits the historical narrative tense

Question 13

Error Type Introduced: Dangling/misplaced participial modifier

The following sentence has been adapted from the essay's section on Robert Paine's
experiment:

Having removed Pisaster systematically from the experimental plot, the mussel
populations were observed by Paine to explode across the rock surface, carpeting it
and competitively excluding nearly every other species within months.

Q13. Which choice best corrects the underlined portion of the sentence?

A. the mussel populations were observed by Paine

B. Paine observed the mussel populations

C. it was observed by Paine that the mussel populations

D. the observation made by Paine was that mussel populations

Answer & Hint: B — Dangling modifier; the participial phrase 'Having removed Pisaster' must
logically attach to the grammatical subject of the main clause — that subject must be Paine, not
the mussel populations, which did not remove anything

Question 14

Error Type Introduced: Comma error — restrictive clause incorrectly set off by commas

The following sentence has been adapted from the essay's section on sea otters and kelp
forests:

Sea otters that were hunted to near-extinction during the maritime fur trade have
since recovered in areas where legal protection has been consistently enforced, allowing
kelp forests to regenerate along the Pacific coast.

Q14. Which choice best corrects the underlined portion of the sentence?

A. that, were hunted to near-extinction,
B. which were hunted to near-extinction,
C. hunted to near-extinction

D. that were hunted to near-extinction,

Answer & Hint: C — Restrictive vs. non-restrictive; the modifier here is essential to identifying
which sea ofters are meant, so no commas; restructured as a patrticipial phrase 'hunted to near-
extinction' flows cleanly, B incorrectly uses 'which' for a restrictive clause and adds an erroneous
comma
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Question 15
Error Type Introduced: Pronoun-antecedent ambiguity across compound antecedents

The following sentence has been adapted from the essay's closing section on ecological
resilience:

When keystone species and apex predators are removed from an ecosystem, they can
transition to an alternative stable state that persists long after the original disruption has
ended — a condition from which natural recovery, without deliberate intervention, is rarely

achievable.

Q15. The underlined word 'they' creates ambiguity in this sentence. Which choice best
eliminates the ambiguity while preserving the sentence's meaning?

A. these species

B. the ecosystem
C. theyeach

D. the former

Answer & Hint: B — Pronoun ambiguity; 'they' could refer to either 'keystone species and apex
predators' or 'ecosystem’ — context makes clear it is the ecosystem that transitions to an
alternative stable state, not the removed species; 'the ecosystem’ resolves the ambiguity
precisely

SECTION A — Rhetorical Synthesis (1 Question)

Rhetorical Synthesis questions present two or more related pieces of information — notes,
data points, or statements — and ask which answer choice most effectively combines them
into a single, coherent, well-constructed sentence that serves a specified rhetorical purpose.

Question 16

A student researching ecological disruption has made the following notes:

Note 1: Robert Paine's 1960s experiments in Washington State's intertidal zone showed
that removing the sea star Pisaster ochraceus caused mussel populations to explode and
species diversity to collapse from approximately fifteen species to a near-monoculture.

Note 2: The gray wolf's reintroduction to Yellowstone National Park in 1995 led to the
recovery of riparian vegetation, the return of beaver populations, and measurable changes
to river channel structure — effects produced as much by the behavioral modification of elk
as by their numerical reduction.

Note 3: The concept of the keystone species describes an organism whose influence on its
ecosystem is disproportionately large relative to its numerical abundance.

Q16. The student wants to write a sentence that introduces the keystone species concept

and immediately supports it with evidence drawn from two distinct ecosystems. Which
choice most effectively accomplishes this goal?

14



A. Robert Paine's removal of Pisaster from intertidal zones and the reintroduction of
wolves to Yellowstone both produced dramatic ecological changes, suggesting that
individual species can matter more than their numbers imply.

B. A keystone species exerts influence on its ecosystem far beyond what its
abundance would predict — a principle demonstrated both by Paine's sea
star experiments, in which removing one predator collapsed a fifteen-
species community to near-monoculture, and by the Yellowstone wolf
reintroduction, whose effects cascaded from elk behavior to river channel
structure.

C. The keystone species concept, developed by Robert Paine, has been confirmed in
both marine and terrestrial ecosystems, proving that predator removal is the primary
driver of ecological collapse worldwide.

D. Wolves in Yellowstone and sea stars in Washington State are both examples of
keystone species, and their removal or reintroduction has consequences for vegetation,
waterways, and species diversity across entire landscapes.

Answer & Hint: B — Rhetorical synthesis; only B introduces the concept first, then immediately
deploys specific evidence from two distinct ecosystems in a single grammatically integrated
sentence; A buries the concept; C overgeneralises (‘primary driver worldwide'); D identifies
examples but does not define the concept before using it

CORRECTION — Revised Question 12

Note to teacher: Q12 in Chunk 3 inadvertently drew its sentence from the Gébekli Tepe essay rather
than the Ecological Equilibrium essay. The corrected version below replaces it. The error type tested
— Subject-verb agreement across an interrupting phrase — is identical. Please substitute this version
in the consolidated question set.

Question 12 — Revised

Error Type Introduced: Subject-verb agreement across an interrupting prepositional phrase

The following sentence has been adapted from the essay's section on the energy pyramid. One
error has been introduced:

The density and variety of organisms at each trophic level, along with the energy
constraints imposed by the ten percent transfer rule, determine why apex predators are
invariably rare relative to the herbivores and primary producers that ultimately sustain
them.

Note: The error has been underlined and highlighted in red for teacher reference.

Q12R. Which choice best corrects the underlined portion of the sentence?

A. determine

B. determines

C. have determined
D. are determining
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Answer & Hint: B — Subject-verb agreement; the true subject is 'density and variety' — a
compound noun functioning as a unified concept, singular; 'along with..." is a parenthetical
addition, not a conjunction creating a plural subject; singular ‘determines’ is correct

FULL ANSWER KEY — All 16 Questions

Correct answers are listed below with category and one-phrase hint. This key is for teacher
use only.

Q1 B Mainldea | Passage-wide scope; eliminates options that are too narrow or too absolute

Q2 C Mainldea/Word in Argument | ‘Not passive but maintained'— deliberate contrast; track the
sentence logic

Q3 B Purpose | Purposive reading; example placed to elevate 'frequently underappreciated’
detritivore category

Q4 B Purpose | Authorial tone; 'simple’ = directness, ‘audacious' = conceptual boldness — both
compliments

Q5 B Evidence | Evidence precision; C names both mechanisms but only B gives the concrete
behavioral detail

Q6 B Evidence | 'Beyond biodiversity' — carbon sequestration and coastal erosion; other options
are historical or methodological

Q7 C Inference | Inference from evidence; 'not merely cessation of harm but deliberate rebuilding’
rules out A directly

Q8 B Words in Context | Contrast logic; 'not aggregations but architectures’' — aggregations must
mean unstructured collections

Q9 C Words in Context | Figurative precision; 'space’ = ecological opportunity, not physical area

Q10 B Words in Context | Definitional contrast; stasis rejected as synonym for equilibrium because
it implies no change

Q11 C Words in Context | Metaphorical precision; 'geometry’ = inevitable structural shape
produced by thermodynamic law

Q12R B Standard English — Subject-Verb Agreement | 'Density and variety'is unified singular
subject; 'along with' is parenthetical, not conjunctive

Q13 B Standard English — Dangling Modifier | Participial phrase 'Having removed Pisaster' must
attach to Paine, not to mussels

Q14 C Standard English — Restrictive Clause Punctuation | Essential modifier needs no
commas; participial phrase 'hunted to near-extinction' is cleanest fix

Q15 B Standard English — Pronoun Ambiguity | 'They'has two plausible antecedents; context
confirms ecosystem, not the removed species, transitions

Q16 B Rhetorical Synthesis | Only B introduces concept first, then deploys specific evidence from
two ecosystems in one integrated sentence
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