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Camille M. Carlisle’s “How Galaxies Grow,” published as a feature in the September 2015 issue of Sky
& Telescope, examines a debate that changed the way astronomers describe galaxy formation. The
familiar picture of cosmic growth emphasizes dramatic collisions: large galaxies merge, smaller
systems are torn apart, and one galaxy increases its mass by consuming another. Carlisle does not
reject that process. Instead, she asks how important mergers are compared with quieter mechanisms,
especially the steady accretion of gas from the surrounding cosmic web and the capture of small
satellites. Her article is effective because it replaces a simple either-or explanation with a more
conditional one. Different galaxies grow through different combinations of gas inflow, in-situ star
formation, minor mergers, major mergers, and internal redistribution. The article also demonstrates
how astronomers reconstruct histories they cannot watch directly by comparing galaxies at different
distances, examining stellar ages and motions, using simulations, and identifying the structural traces
left by past encounters (Carlisle, 2015).

The Article’s Central Question

Carlisle organizes the discussion around a deceptively straightforward question: where does a galaxy
obtain the material that makes it larger? One route is ex-situ growth, in which already formed stars
arrive through mergers. Another is in-situ growth, in which gas enters a galaxy and forms new stars
there. The distinction matters because the two routes leave different signatures. A violent merger can
disturb a disk, create tidal tails, funnel gas toward the center, and trigger a burst of star formation.
Smooth or filamentary gas accretion can sustain star formation over a longer period and help build a
rotating disk without a spectacular collision. Minor mergers occupy a middle ground. They add stars
and gas, thicken disks, build halos, and alter structure while allowing the main galaxy to remain
recognizable. Carlisle’s strength is to show that “growth” is not one event. It includes increases in
stellar mass, physical size, central concentration, disk extent, and halo population, and these
properties need not change through the same mechanism.

Moving Beyond the Cannibalism Metaphor

The language of galactic cannibalism is memorable because it gives readers an immediate visual
model. A massive galaxy appears to eat smaller companions, and telescopes reveal spectacular
interacting systems that seem to support the metaphor. Carlisle uses that familiarity but also exposes
its limitations. Dramatic events are easier to notice than gradual inflow, so they can receive
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disproportionate attention in both media and scientific intuition. A galaxy can gain much of its stellar
mass by turning newly acquired gas into stars without visibly swallowing a comparable neighbor.
Even mergers vary in significance. A major merger between systems of similar mass can transform
morphology, whereas repeated small accretions may enlarge a galaxy’s outer regions over billions of
years. The article therefore teaches an important principle of scientific reasoning: visually impressive
mechanisms are not necessarily the statistically dominant ones. Frequency, mass contribution,
timing, and galaxy type must be measured rather than inferred from the most photogenic examples.

Gas as the Raw Material of Growth

The article’s most important corrective is its emphasis on gas. Stars are the visible inhabitants of
galaxies, but gas is the material from which new stellar populations form. In the modern cosmological
picture, galaxies develop within dark-matter halos embedded in a web of filaments. Gas can flow
along those filaments, become gravitationally captured, cool, and settle into a galaxy. Under suitable
conditions it fragments into molecular clouds and forms stars. At early cosmic times, relatively cool
streams may have supplied galaxies efficiently, while massive halos and later environments can heat
or disrupt inflow. Gas also arrives through gas-rich mergers and can be recycled when stars return
material to the interstellar medium. By foregrounding gas, Carlisle avoids treating galaxies as fixed
collections of stars. They are open systems that exchange matter and energy with their surroundings,
and their ability to continue growing depends on whether they can acquire, retain, cool, and convert
fuel.

Mergers Still Matter

A nuanced account should not swing from “mergers explain everything” to “mergers are
unimportant.” Carlisle’s article resists that reversal. Major mergers can build spheroidal systems,
ignite intense starbursts, rearrange angular momentum, and feed central black holes. Minor mergers
can add stellar mass to a galaxy’s outskirts and leave streams, shells, or chemically distinct
populations. The Milky Way itself contains evidence of past accretion in its stellar halo, and its current
interaction with satellite galaxies shows that assembly continues. NASA observations likewise
demonstrate that some mergers compress gas and trigger rapid star formation, while in other cases
energetic outflows from stars or active black holes remove or heat gas and suppress later growth. The
outcome depends on gas content, mass ratio, orbit, environment, and feedback. Carlisle’s discussion
is valuable because it turns merger from a universal answer into one variable within a broader
evolutionary system.

How Astronomers Reconstruct Galactic History

Astronomers cannot place one galaxy in a laboratory and watch it evolve for ten billion years. They
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instead combine several forms of indirect evidence. Looking farther into space means looking farther
back in time, so deep surveys provide populations of galaxies at earlier stages. Nearby galaxies can
be examined in greater detail to recover stellar ages, chemical abundances, rotation, and
substructure. Integral-field spectroscopy maps spectra across a galaxy and reveals how age and
metallicity change from the center to the outskirts. Studies such as the CALIFA survey have found
evidence that many galaxies build mass inside-out, with older central populations and later growth in
disks. Simulations test whether particular combinations of dark matter, gas physics, star formation,
and feedback reproduce observed populations. Carlisle explains this evidentiary mosaic effectively,
though readers should remember that every method has selection effects and model assumptions.
Galaxy history is reconstructed through convergence, not read directly from one image (Gonzalez
Delgado et al., 2015; National Aeronautics and Space Administration, 2026).

The Milky Way as a Case Study

The article’s use of the Milky Way makes an abstract problem more accessible. Our galaxy contains a
thin disk, thick disk, bulge, stellar halo, gas, dark matter, globular clusters, and satellite systems.
These components record different episodes. Some stars formed within the main disk from gas;
others were accreted from smaller galaxies. Chemical abundance patterns can identify groups of stars
that shared an origin, while their motions reveal whether they belong to a rotating disk or a disrupted
satellite. The Milky Way is useful because individual stars can be studied, but it is not necessarily a
universal template. Its merger history may be quieter or more active than that of other galaxies of
similar mass. Carlisle’s treatment works best when the Milky Way is presented as one detailed
example within a diverse population rather than as the standard against which every galaxy must be
measured.

Star Formation, Feedback, and Self-Regulation

The original short review treated gas supply as though it translated directly into growth. Carlisle’s
subject is more complex because star formation is regulated by feedback. Massive stars emit
radiation and winds, then explode as supernovae, injecting energy and momentum into surrounding
gas. Accreting supermassive black holes can power outflows that heat or expel material. These
processes can limit the efficiency with which gas becomes stars, distribute metals, and sometimes
halt star formation. In other circumstances, shocks compress gas and promote new stars. Galaxy
evolution is therefore a competition among inflow, cooling, star formation, feedback, stripping, and
outflow. This regulatory perspective explains why galaxies with similar halo mass can have different
colors and star-formation histories. A strong article review should recognize that growth depends not
only on obtaining matter but on what the galaxy does with that matter (Somerville & Davé, 2015).
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Scientific Communication and Accessibility

Carlisle writes for informed general readers rather than specialists, and her use of metaphors helps
translate unfamiliar scales. Terms such as collision, cannibalism, feeding, and snacking make
gravitational assembly intuitively imaginable. The article also introduces disagreement among
astronomers instead of presenting science as a finished collection of facts. This is one of its major
strengths. Readers see hypotheses changing as better observations and simulations appear. The
language could nevertheless encourage literal interpretation. Galaxies contain enormous empty
spaces, so when systems merge, individual stars rarely collide directly; gravitational fields and gas
interactions drive the transformation. Similarly, describing gas as food is useful only if readers
understand that inflow is governed by cosmic structure, thermodynamics, and angular momentum.
Carlisle generally balances accessibility and accuracy, but the review benefits from making the limits
of the metaphors explicit.

Strengths of the Article

The feature succeeds first because it identifies a genuine scientific debate rather than simply
cataloguing galaxy types. Second, it distinguishes major and minor mergers and shows that the
importance of each mechanism changes with cosmic time and galaxy mass. Third, it explains why
observational evidence can overturn a dominant story. The article also connects structure with
process: disks, bulges, halos, and stellar populations become records of how material entered and
moved through a galaxy. Finally, Carlisle avoids a false final answer. The reader learns that mergers,
accretion, and internal star formation all matter, but their relative contributions remain subjects of
measurement. That openness is scientifically honest and pedagogically useful.

Limitations and Areas for Expansion

The feature’s breadth necessarily limits depth. A reader unfamiliar with dark-matter halos, redshift,
stellar populations, or angular momentum may need more groundwork before following the debate
fully. The original student review correctly noticed the density of terminology, but it understated how
carefully the article’s structure moves from familiar merger imagery toward gas-fed growth. A fuller
treatment could explain observational bias more directly: disrupted galaxies are conspicuous, diffuse
gas is difficult to detect, and simulations depend on sub-grid models for processes smaller than their
resolution. Environmental effects also deserve more space. Galaxies in clusters may lose gas through
ram pressure or have their inflow restricted, while isolated systems experience different growth
histories. Since 2015, observations from Hubble, ALMA, Gaia, and the James Webb Space Telescope
have further complicated the picture by revealing unexpectedly mature early galaxies, detailed stellar
streams, and spatially resolved growth at high redshift. These developments support Carlisle’s plural
explanation rather than rendering it obsolete.
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Assessment of the Article’s Enduring Value

The article remains useful because it teaches readers how a scientific field revises its explanatory
balance. The issue was never whether galaxy collisions occur; they plainly do. The issue was whether
visible mergers account for most mass assembly and morphological growth, or whether steady gas
accretion and smaller events play a greater role than previously recognized. Current NASA summaries
continue to describe galaxy evolution through both mergers and gas accumulation, while recent
observations show that disk growth can proceed from the inside outward and that different
environments favor different mechanisms. Carlisle’s central lesson therefore survives: no single
dramatic process explains the diversity of galaxies. The strongest models must account for when,
where, and for which systems each mechanism dominates (National Aeronautics and Space
Administration, 2026).

Conclusion

“How Galaxies Grow” is an effective work of science journalism because it transforms a technical
debate into a question readers can follow without pretending that the answer is simple. Carlisle
begins with the striking image of galaxies tearing and consuming one another, then broadens the
story to include cold gas inflow, star formation, minor accretion, feedback, and internal development.
Her article shows how astronomers combine deep surveys, detailed nearby observations, stellar
archaeology, and simulations to reconstruct change across cosmic time. Its principal strength is
intellectual proportion: mergers remain important, but their visibility should not be confused with
universal dominance. The article could offer more introductory explanation and more explicit
discussion of uncertainty, yet its central argument is scientifically durable. Galaxies grow through
multiple pathways, and understanding them requires measuring the relative contribution of each
pathway rather than selecting the most dramatic one.
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