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b a t h  in Norse Green'-nd 
By combining data from ice cores, archaeological diga, and fossil flies, researchers have shown how - 

inflexible culture-could have doomed this medieval Norse outpost 

In the 10th century A.D., the inhospitable to trigger abandonment of one of the two on the issue [of Norse extinction]. And it cre- 
coast of Greenland was transformed into Eur- major settlements, says Tom McGovem, a ates a much greater dynamic. There's not 
ope's westemmast outpost. Settlers from Scan- zooarchaeologist at the City University of enough of this kind of science done." This 
dinavia founded two major settlements on the New York (CUNY). The real mystery, adds new approach has yielded new insight, agrees 
narrow h g e o f  landbetween the ice sheet and Bucldand, is not why the Norse died out, but WWiam Ei.tzhugh, an Arctic archaeolog~~t at 
the sea, and raised dairy cattle andsheep in the why they clung to such a poorly adapted che National Museum of Natural History in 
face of glacial cold and fierce winter gales. The economy for 5 centuries. They lived the W-. mete's no doubt there has 
Norse, an estimated 5000 to 6500 strong at edge from the beginning to the end," he says. been a &tic impact," he says. "And it can 
the colony's height, built stone chmhes and "It didn't take much to push chem over." GesigniAcant inapke  like the North Atlan- 
apparently traded & ivory Many of the new studies were tic where dd societies cherished the 
bear in order to get z h i i  own done & the auspiocs of a 5-yeat- Etltopem way of life arid Jwe~enot adapt& 
Then, in one of the d d  r-& cwpewive called to the m v i r o m e n i $ ~ + @ $ ~ Q ~  
medieval history, the the No& Atlmtic B i o c u l d  

&= .,*a v*:,-i*- X"  5 

By 1361, a seafaring Organization (NABO)* head- The Norse way of tife 
Ivar B&rdarson, and Much of the new research draws on data 
ported Greenland's gleaned from the most northerly of the 

fi Norse outposts, the Western Settlement 
2 near modem-day Nu& (see map), where 

four separate archaeological teams have 
2 conducted extensive digs since the mid- 
8 1970s. To u n d d  the Norse economp, 

B McGovm spent nearly 2 decades studying 
Norse settlers had uttaly van&&&, d b o n e s ~ t h e s e d l g s a n d f r o m p r e -  

~ustwhathapperseawntb&tobe&e viously e x d  Eastem Settlement sites. 
subject ofdebate. ~ e ~ o r s ,  iafkmxd He and c o k g w s  idendkd tens of thou- 
byraremedievalawountsof ho&LiW,+& sandsofbonesbyspeciesmddyzedthe 
blameonwharingThule h u n t ~ o f  ~ o n s  of livestock and wild game to 
the mcdern I n u i t ~ ~ h ~ e ~ m e r e  the Norse diet. Combining these results 
Island in about AD. 1100. No adnedogical with b i l s  from the Icelandic sagas and 
evidence has ever su&d to q p r t  chis tdm, other dam, such as the habits of wild game, 
however, and o b  have f a d  dwqes in A4tSovem sketched the medieval settlers' 
climate. The North Atlanticregionwm unusu- seasonal m d s .  
ally mild &en the Norse fErst sealed Green- A dwws- The ~WM m W  @ B M ~ ~ ' s  He found that they journeyed north in 
land, then plunged into a 500-year cold spell W U ~ ' ~  sustain thefr of l i fe.  summer te hunt walrus for ivory to trade 
known as the Little Ice Age starting &out with Europe and spent winters tending 
1300. Now, researchers are bringing many quartered at CUNY, which focuses on the sheep, goats, and cattle confined in byres. 
different types of data tog& to paint the North Atlantic region since the h Age. The Norse also hunted caribou as well as 
clearest picture yet of the Norse colony's last And the collaboration between these ar- migratory harp and common seals in pupping 
days and the forces that led to its demise, chaeologists and the physical scieotists of areas. But they -n& did little fishmg: 

The data sources for these international, the ice-core program-the Greenland Ice M&ovem9s 2 decacEes of study turned up 
interdisciplinary studies range from fossil Sheet Project Two (GISP2)4mw$ kudos very little fish bone, and excavations in both 
flies to a d e l  of the settlers' economy to from the research fxrnmmiq. The fate of settlements have turrved up h o s t  no fishing 
the latest d of seasonal climate change, the Norse "was one ofthose mysteries that no gear. B u c W s  recent find* in press in a 
t e a d  out af core samples of G r d d  ice. one has ever known ampkely," says Noel Columbia University motlograph, confirm 
The rmlu  show that worsening climate was l3mdxmt, program k o r  fix the Arctic &is: Afrer screening nearly 1 metric ton of 
at least partly to blame, as rqxmed last year Social Sciences program at the National house floot and midden sediments through 
by Paul Buckland, a paleoec01ogist at the Science l%uwhion, whieh has just a d  300-micivaneter mesh, he and his associates 
University of Sheffield in the United King- NABO$2@3,000fotftror%shcpa,p&i-, g l d  d y  ane skate tooth and three fish 
dom, and colleagues. But researchers have and &eldwork onsubjects raaging from Narse vemhae. 30 this is a nonmktime culture 
now also found that the colony's economy settlement to hunting and-gadming ~~ on the edge of the sea," says Buckland. "It's 
was fragile from rhe start. Spurning fishing in Labrador. "What [the NaBO team b3 very strange." 
and Inuit hunting methods in favor of tra- done isbnngallthesea:hlarst~erfroma To examine the e t h s  of climate on this 
ditional Norse daiv farming, the colony number of diffemnt disciplines and put them economy, McGavem and wkagtm at CUNY 
had teetered dangerously dose to extinction devised a series of computer si- rising 
throughout its history. In the end, a 20-year * For more on m, L wet, site at my/ archaeol~eal data on d variables as dre 
serbof eool summers was apparently enough ~.hwnter.cuny.edu/anfhro.  sizes of pamires and the mtnber of cattle 



stalls-and therefore cattle-in each bvre. Tax 
records from medieval Norse ~celand added 
further data on the standard numbers of live- 
stock and farming laws. The CUNY team esti- 
mated the amount of fodder mown and con- 
sumed and the production ofudairy foods and 
meats, and put it all into a still-evolving com- 
puter model that has received NAB0 fund- 
ing. Then, they ran their model to see how the 
Norse economy would fare in three hypotheti- 
cal climatic scenarios, from optimal to cata- 
strophically cold. 

Their results, also in press in the mono- 
graph, reveal the difficulty Norse families 
had in amassing fodder and food surpluses to 
tide them over hard times. While the settlers 
could weather one bad year, a series of poor to 
moderate years would have pushed the entire 
community to the edge. Although the harsh- 
est weather was in winter, the model shows 
that the fate of the Norse hung on the sum- 
mers, when the community stocked up on 
fodder for the winter. In particular, says 
McGovern, "a series of closely spaced poor 
summers" would have been devastating, "draw- 
ing down all the resources of not just an indi- 
vidual farm but the whole communitv." Those 
shortages would have become most acute in 
late winter-"a period of maximum vulner- 
ability," says McGovern. 

To  arctic archaeologists such as Susan 
Kaplan, director of the Peary-MacMillan Arc- 
tic Museum at Bowdoincollege in Brunswick, 
Maine. this research offers much new clarifi- 
cation. "What he's presenting here is for some 
people not as romantic or mysterious a view of 
the Norse demise as some would like, but it's 
one that is probably realistic," she says. 

McGovern and others can now compare 
their model with actual data on the climate 
the Norse faced, extracted from the GISP2 ice 
core. The top part of the core yields a seasonal 
record of dust, trapped gas, and chemical 
changes in past atmospheres and is considered 
a particularly faithful record of Greenland 
itself. Researchers have already analyzed 
changes in the proportions of oxygen isotopes 
in the ice, thought to indicate past tempera- 
ture, to trace climate over thousands of vears. 
But as part of her dissertation research, Uni- 
versity of Colorado paleoclimatologist Lisa 
Barlow took a closer look at Greenland cli- 
mate, measuring another paleoclimate indica- 
tor-hydrogen isotopes-season by season in 
samples taken from a 200-meter section of the 
core. She charted summer and winter signals 
from medieval times to the mid-1980s. 

In the 14th centurv. Barlow discovered r ,  

four major isotopic excursions suggesting clus- 
ters of chilly periods from 1308 to 1318,1324 
to 1329,1343 to 1362, and 1380 to 1384. The 
longest cold spell, beginning in 1343, corre- 
lated almost exactly with the abandonment 
of the Western Settlement, as suggested by 
Bgrdarson's account and confirmed by such 

evidence as radiocarbon datine of mammal had even tried to eat the hooves. "The hooves u 

bones strewn over the top layers of Western are usually a waste piece," says Tom Amorosi, 
Settlement sites. And "if vou ~ u l l  out the a zooarchaeoloeist at CUNY. "If vou're find- , & " 
wintertime and summertime signals [in that ing that in the food remains, it means they're 
period], it looks like the excursions are hap- really searching for calories. They've scaled 
pening more in the summertime," says Bar- down to a point where there's no  food left." 
low, whose work is in ~ ress  at Holocene. Adds McGovern: "And of course. once 

Barlow's picture is persuasive, says Paul 
Mayewski, a paleoclimatologist at the Uni- 
versity of New Hampshire and a leader of the 
GISP2 team. In this time period, he says, "be- 
cause it's so close to the present, the calibra- 
tion with temperature is probably quite good." 
And he's pleased that the ice-core data are at 
last being applied to human history. "When I 
started GISP. one of the eoals we had was to 

you've eaten your cows, you're out of the 
dairy-farming business." 

Other, tinier fauna echoed this tale of de- 
cline and fall. In as-yet-unpublished research, 
entomologist andNABO member Peter Skid- 
more of the University of Sheffield discovered 
an intriguing succession of fossil flies pre- 
served in bedroom sediments at Nipaatsoq. 
In lower lavers. the dominant flv was Teko- 

k~naflawiPes, a species of housefly 
that required warm quarters and 
was accidentally introduced by the 

. Norse to Greenland. In the Den- 
& ultimate layer, however, T.  flakpes 

I cold-tolerant indoor carrion spe- 
cies. The nature of the camon- 
animal or human-is unknown. In 

predominated, as if the farmhouse 
The remains of their days. Archaeological digs suggest a roof had caved in. To McGovern, 
crisis on some Norse farms. all the evidence to date adds up 

to a final crisis-"a late-winter 
match climate records with archaeological disaster, in which they eat the cows and 
records. . . . There is an immense storv that thev eat the does and then the flies eetthem." " " 
can be pulled out of the paleoclimate data." Whether a similar crisis took place at the 

other settlement is unknown, but McGovern 
The final days and colleagues are eager to compare this 
With both the climate record and the model record with data from an u~comine excava- 
of the Norse economy suggesting that a se- 
ries of cool summers led to starvation in the 
Western Settlement, McGovern set out to 
trace the details of its last months and days. 
By reanalyzing animal bones gathered from 
the uppermost floor layers in farmhouses, he 
pieced together a bitter tale of desperation 
and disaster. For example, although canine 
bones were rare in the older lavers of the 

- 
tion at the Eastern Settlement. 

But not everyone is convinced that such a 
catastrophe unfolded. Jette Arneborg, a cu- 
rator at the Danish National Museum in 
Copenhagen and a principal investigator at 
one of the digs in the Western Settlement, 
has found scant evidence of such harrowing 
events. "To me, it doesn't really seem that 
there was adisaster." she savs. notine that the , . - 

house floors, four different teams unearthed buildings were abandoned in a very orderly 
remains of large elkhound-like dogs, likely fashion. The settlers seem to have taken all 
used in hunting caribou, in the top strata in their precious items, including church bells, 
four farms. Some bones revealed human cut away with them, leaving only ordinary bulky 
marks, suggesting that the Norse butchered items behind. "I think they simply decided to 
these valuable dogs for food. give up the area," says Arneborg, perhaps 

And before the inhabitants of a farm called leaving for the Eastern Settlement. Instead 
Nipaatsoq ate their dogs, says McGovern, they of starvation, she suggests that the settle- 
consumed all their dairv cattle-in violation ment was abandoned in Dart because of de- 
of traditional Norse law, which prohibits the clining trade with Europe, which left settlers 
slauehter of cows. Excavators at Ni~aatsoa isolated from their homeland. - 
found the hooves of five cows-the total Whatever the reason the settlers left, it's 
number of cattle sheltered in the farm's clear that they wanted to keep close ties with 
byre-scattered among other food remains Norway. Indeed, says McGovern, one of the 
across a lower layer of one room. Apparently, most intriguing findings to date is the key role 
fodder for the cattle had run out, and people that culture played in the colony's extinction. 
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Archaeological evidence shows that Green- 
land's other inhabitants, the Thule, flourished 
throughout the 14th century, thanks to their 
prowess in hunting ringed seals below the sea 
ice in  late winter, when few other sources of 
meat and fat were available. But the Norse 
failed to  adopt ringed-seal hunting methods 
and other technology from their highly suc- 
cessful neighbors, says McGovem. 

In fact, the cultural flow seemed to go in 
only one direction. Teams excavating Thule 
campsites have uncovered scavenged or stolen 
Norse artifacts, including chess pieces, iron 
nails, and fragments of cloth, but Ameborg and 
others working in the Norse farmsteads have 

found scarcely any Thule goods. "If you looked 
at the distribution of artifacts on the Norse side. 

suggests that for the Norse, ethnic purity tri- 
umphed at  the expense of biological sur- 
vival. While the starving settlers slaughtered 
their cattle and dogs. "there were seals in the 

you would say that there's been no contact," 
says McGovem. It may be, he adds, that the 
fervently Christian Norse spumed contact 
with the shamanistic Thule. 

- ,  

fjord, right under the ice." But without har- 
Doons and the skill to  find the seals' breath- 

The styles of clothing in Greenland further 
underline the isolation of the two cultures. 

ing holes in the ice, the Norse couldn't reach 
them. It seems. savs McGovern. that the 

Naturally mummified Thule women exhumed 
at the Qilakitsoq site in 1978 were swaddled 
in warm sealskin parkas and trousers, while 
women buried in a Norse churchyard were 
dressed in low-cut. narrow-waisted woolen 

Norse in  ree en land remained true to the 
laws and customs of their warmer home- 
land-and paid the final price for it. 

-Heather Pringle 

gowns like those th in  fashionable in Europe. 
T o  McGovem, all the evidence to date 

Heather Pringk, a Vancouuer-based science writer, is 
the author of In Search of Ancient North America. 

Thyroid Disease: A Case of Cell Suicide? trol thvroid cells to exmess Fas. 
~ u t '  what came nekt really surprised the 

team. Thev found that both normal thvroid T h e  name tells the story: Autoimmune dis- 
eases, such as diabetes and rheumatoid arthri- 
tis, result when the immune system goes awry 
and tums on  the body's own tissues. But how 
it does so is far from clear. Researchers do not 
know which of the immune system's several 
types of killer T cells carries out the attack. 
And even more puzzling, killer cells are scarce 

lymphocytes. Expression of the ligand allows 
these T cells not only to kill unwanted cells by 
prompting them to undergo apoptosis, but 
also to moderate their own activity by trigger- 
ing apoptosis in other T cells, which express 
both Fas and FasL. Researchers soon found 

cells and cells from patients with HT ex- 
pressed high levels of FasL. "That was totally 
unexpected," says immunologist Roberto Testi 
of the University of Rome "Tor Vergata," 
who is one of the team members. This result 

that a small number of other cell types ex- 
pressed FasL, such as cells in the eye chamber, 

suggested that the abnormal Fas expression 
leads the cells to trigger apoptosis in each 

at the site of tissue destruction in many au- 
toimmune diseases. New results published in 
this issue (p. 960), however, could resolve 
those puzzles. In at least one disease, they sug- 
gest, the immune system itself may not carry 
out the final act: Instead, the target cells com- 
mit suicide through a process called apoptosis. 

"These are intriguing results and present an 
appealing mechanism," says autoimmune dis- 
ease researcher Ricardo Pujol-Borrell of the 
University Hospital "Germans Trias i Pujol," in 
Barcelona, Spain. "What's interesting is that 
apoptosis is a natural process, and I've always 
believed autoimmune diseases result from an 
exaggeration of natural processes," adds immu- 
nologist Noel Rose of Johns Hopkins Univer- 
sity. So far, the results apply only to Hashi- 
moto's thvroiditis (HT). a disease marked bv a 

other or in themselves. 
T o  bolster this ~icture.  the team took IL-1. 

which they had shown in lab studies induces 
Fas expression, and added it to normal thyroid 
cells in culture. They found that large numbers 
of cells died with the characteristic features of 
apoptosis. "This puts a different slant on the 
role of FasL and suggests a completely unex- 
pected pathological role for the molecule," says 
Doug Green at the La Jolla Institute for Allergy 
and Immunology in California. 

There are some problems with the apoptosis 
theory, however: The rapid cell death demon- 
strated in the laboratory does not square with 
the normally slow progression of the disease, 
which can last for years. The team believes 
that tight control of Fas expression within the 
body may explain this slow pace. "We need to 
know the sequence of events," says Testi. An- 
other kev unknown is the source of the IL-1 

Apoptosis 

Kiss of death. IL-1 prompts FasL-bearing thy- 
roid cells to express Fas, and hence to die. 

~ ,, 

gradual dkstruction of thyroid tissue tha; is 
among the commonest autoimmune diseases. parts of the nervous system, and the testis. 

These sensitive sites use FasL to protect them- 
selves from immune attack by prompting 
apoptosis in attacking T cells. 

Now, the Italian researchers have identi- 

" 

But they suggest that in this and possibly other 
autoimmune diseases, the immune system may 
have a less direct role than currently thought. 

The new work, done in four laboratories in 
Italy, builds on rapid progress in the past few 

that sets the process in motion. IL-1 is nor- 
mallv ~roduced bv activated cells of the im- 

1 .  

mune system to stimulate other cells within 
the system. "People have not thought of IL-1 

fied a role for Fas in the converse phenom- 
enon-autoimmune disease. T h e  team was 
studying cells from patients with HT,  a 
chronic disease, most common in middle- 
aged women, that leads to loss of thyroid hor- 
mone-producing cells. The team's first clue 
that apoptosis was involved came when they 
found Fas on the surface of cells taken from 
the thyroid glands of several patients, while it 
did not appear on thyroid cells from control 
glands. They then showed that interleukin-1 
(IL-1 ), an immune messenger molecule found 
in the diseased thyroid glands, induced con- 

as a destructive cytokine, but they now may 
want to look again." savs Green. But if these years in under~tandin~~a~~~tosis, a normal pro- 

cess for eliminating unwanted cells in tissues 
" . ,  

loose ends in the theory can be tied up, re- 
searchers can begin looking for ways to block 
cell death to prevent thyroid destruction. 

The Italian team's results may also hold 
out hope for a better understanding of other 
autoimmune diseases-and why T lympho- 
cytes are puzzlingly scarce in so many of them. 
Says Green: "The new work is a fascinating 
hint at an entirelv new disease mechanism. I 

and organs during development and for reining 
in immune responses. One key to triggering 
this process of cell suicide is a molecule called 
Fas. found on the surface of manv different 
types of cells. When another molecule, the Fas 
ligand (FasL), binds to it, Fas initiates a series of 
events inside the cell that leads to its death. 

Although many cell types can express Fas 
on  their surfaces, FasL at first seemed to occur think we are going to see more of this." 

-Nigel Williams mainly on  the immune system's activated T 
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