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Global surface temperature has increased faster since 1970 than in any other 50-year period over at
least the last 2000 years. Temperatures during the most recent decade (2011-2020) exceed those of
the most recent multi-century warm period, around 6500 years ago (0.2 °C to 1 °C relative to 1850—
1900). Prior to sthat, the next most recent warm period was about 125,000 years ago, when the multi-
century temperature (0.5 °C to 1.5 °C relative to 1850-1900) overlaps the observations of the most
recent decade.

Panel A: Changes in global surface temperature reconstructed from paleoclimate archives (solid grey
line, years 1-2000) and from direct observations (solid black line, 1850-2020), both relative to 1850—

1900 and decadally averaged. ) The vertical bar on the left shows the estimated temperature during the

warmest multi-century period in at least the last 100,000 years, which occurred around 6500 years ago

during the current interglacial period. The Last Interglacial, around 125,000 years ago, is the next most

recent candidate for a period of higher temperature. These past warm periods were caused by slow

(multi-millennial) orbital variations.

Panel B: Changes in global surface temperature over the past 170 years (solid black line) relative to
1850-1900 and annually averaged, compared to Coupled Model Intercomparison Project Phase 6
(CMIP6) climate model simulations of the temperature response to both human and natural drivers

(grey line) and to only natural drivers ( ¢ ], dashed black line).

A B

(°C) (°C)
2.0 2.0
15 1.5
1.0 1.0
0.5 0.5
0.0 Al M -Jil 0.0
-0.5 0.5
1 500 1000  15004g50 2020 1850 1900 1950 2000 2020

(Adapted from “IPCC, 2021: Summary for Policymakers”) (IPCC, 2021: Summary for Policymakers. In: Climate
Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [Masson[]Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S.
Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K.
Maycock, T. Waterfield, O. Yelekei, R. Yu, and B. Zhou (eds.)]. In Press.)

(&%)
global surface temperature: A5G (MR EITRIE & R KIRD © BT L 7-°1-19)
paleoclimate: &Pt interglacial: FI7K#]  multi-millennial: £(T4EICH 75
Coupled Model Intercomparison Project: #&&€ 7 WHAIK 7’0y = 7+ (&dsE 7l % Bi%s L
feftd 2 EFR 2R iT%E 7’2 2 = 7 F ¢, Phase 6 13 2016 fFICF£ I Ni)



11 T#EEa) BETHERICONT, XERPSFHUZHS LTI TEZ L,

2 THEE D) Z2HERE X,

M3 6500 FEFjDOHFEEAHRIC D\ T, CEPOEAEZ 7036 HARGE T, 2175
N CHtHE X,

M4 [ ¢ 1WCAZRbLEYZENEZ, DFOT~TD) 556 —D1EN,
7”) solar and volcanic activity
A) carbon dioxide and methane
7) warming and ocean acidification

L) ice-sheet melting and sea-level rise

15 RV ABD22O06bhrsl 2@l TwEAL L UrbETLbD
Z, LFD7~ZD) b6 —D1FENX,
77) Orbital elements that have caused rapid global warming in recent years
A) Changes in global temperatures and effects of recent global warming on human society
7) How global temperature change affects human activity during the Last Interglacial

XI) History of global temperature change and causes of recent warming

6 % 50 4 (1970-2020 ) DHEFCEELEIC O VT, AE X ORICHED E,
DT oA %2 T XRTHWT, BEEET3IITUANTER K, 8.1 3XTHRLED X,

[human influence, relative to 1850-1900, warming rate]
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Wombats are an animal native to Australia perhaps best-known for being quite cute. Recently,
you might have seen that these charming animals use their hard butts™ to defend themselves.
That's not all their behinds are famous for: wombats are the only animals in the world that produce

cube-shaped poop™.

While their droppings have sparked much interest and debate, actual research into the intricacies™
of wombat scat? has been scant™. That’s left scientists largely in the dark about the
phenomenon—until recently. Here's what we know about their cube-shaped poop and the other

interesting way they use their back-ends.

In 2018, Patricia Yang, a researcher at the Georgia Institute of Technology who specializes in
bodily fluids, started to look into the topic more closely after hearing about it at a conference. “I
didn't really believe it,” Yang says. after confirming that it is, indeed, a fact, she began

trying @to figure out why, and how, wombats poop in cubes.

“People have had all sorts of theories,” says Mike Swinbourne, a wombat expert at the University
of Adelaide in Australia. One popular hypothesis is that wombats make cubes so that they can
pile them up to mark their territory, without the pieces rolling away. But Swinbourne says that’s
a misconception. While wombats do use their scat to mark territory, “it's not like they're trying to

build little brick pyramids,” he says. “They just poop where they poop.”

Instead, Swinbourne says the cubic shape is more likely related to the dry environments that most
wombats live in. “They have to really squeeze every drop of moisture out [of their food],” he said.
And sometimes, in zoos, where the animals have readier access to hydration™, Swinbourne says
their scat is less cubic. Being dry helps the scats form more rigid shapes with sharper angles.
Moisture plays a role, but “it's also a factor of the primary digestive tract,” adds Bill Zeigler,
senior vice president for animal programs at Brookfield Zoo in Chicago, which has had wombats
since 1969. Peter Clements, the president of the organization Wombats SA in Southern Australia,

concurs, speculating that it’s a combination of ythe two.

Finding a more concrete answer, however, hasn’t been easy. oBFFEH DY 4 >Ny k& AFE
TEHREITOEDIZ, I HEE L/, No zoos in North America had any, so Yang

had the intestines™® of two roadkill wombats shipped from Australia. She wasn’t sure what to

expect when they arrived.

“At first I thought they maybe have square anus™’, or maybe [the cube] forms right around the
stomach,” she said. But @neither of those hypotheses turned out to be the case. What she found
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to be more important was how the wombat intestines stretched. As food is digested it moves
through the gut™, and pressure from the intestine helps form the feces>—meaning that the shape
of the intestine will affect the shape of a dropping. So Yang and the team expanded both
wombat and pig intestines with a balloon to measure and compare their elasticities (or
stretchiness). The pig intestine had a relatively uniform elasticity, which would explain the
animal’s rounder poo. The wombat intestines, however, had a much more irregular shape. Yang

8

observed two distinct grooves*3, where the intestine is stretchier, which she believes helps

shape wombat feces into cubic scat.

“It's really the first time I've ever seen anybody come up with a good biological explanation,”

said Swinbourne, who reviewed the draft. Clements, who also read the early study, added, “I

think this is a useful contribution, EB more explanation of a possible mechanism would be

helpful.” Yang agrees that there are still a host of questions to answer and says her research is
ongoing. (9She has published a study on how the wombat's soft intestine can mold the faces

into these sharp-cornered cubes. But even the initial findings imply broader implications for

sectors such as manufacturing.

Cubes, Yang says, are very rare in nature. “We currently have only two methods to manufacture

cubes,” she said, explaining that humans either mold cubes from soft materials, or cut them
from harder objects. “Wombats have (pa third way.”

(Copyright © National Geographic; Tik Root. Wombats have buns of steel—and they poop in cubes.
Here's why. 2024, —#B&&T) (Used with permission of Royal Society of Chemistry, from Soft
matter, "Intestines of non-uniform stiffness mold the corners of wombat feces.", by Patricia J.

Yang, et al., Vol.17, 2021; permission conveyed through Copyright Clearance Center, Inc.)

Notes: “'butt: the part of your body that you sit on, *>poo(p)/scat/feces: solid waste from the body,
“intricacy: the state of containing a large number of parts or details, **scant: not enough,

*Shydration: the process of making the body absorb water, “‘intestine/gut: a long tube through
which food passes from the stomach, ““anus: the opening at the end of the digestive tract through

which solid waste leaves the body, **groove: a long, narrow space in the surface of a body part
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