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This pilot study is part of a larger project that aims to investigate possible links between material culture, language, and environment in New Guinea. We explore
potential links with a methodology that predicts the best fit niche using raster GIS layers and occurrence data. We also test Nettle’s (1998) hypothesis that
ecological risk and linguistic diversity are inversely correlated.

Materials and Methods
An eco-linguistic niche (ELN) represents the range of environ-
mental conditions exploited by a population speaking the same
language, or by groups that shares specific language traits.

ELN Modeling

To reconstruct ELNs of language groups from New Guinea, we use a predictive
algorithm developed by ecologists: DesktopGARP1.

Diagram explaining how an ecological niche or an eco-

linguistic niche is computed by a predictive algorithm

This algorithm allows one to re-
construct a species’ ecological niche
and its geographic distribution.
DesktopGARP requires the geo-
graphic coordinates of the locations
where the target species has been
observed, and raster GIS layers sum-
marizing environmental dimensions
potentially relevant to shaping the
geographic distribution of that pop-
ulation. In this study, a ”species”
occurrence is represented by a vil-
lage inhabited by the speakers of a
particular language group. Degree
of overlap between reconstructed
ELNs was calculated using ENM-
tools software2. To characterize
each ELN, we used R software (R
Development Core Team, 2005) to
perform Principal Component Anal-
yses and descriptive statistics of en-
vironmental variables.

Mek area, Highland New Guinea, secondary vegetation in the foreground, rainforest on the right

Environmental Data

ELN modelling was performed using 25 variables (environmental GIS layers):

19 bioclimatic variables derived from monthly temperature and precipitation data
(worldclim3)
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6 topographic variables calculated from elevation data (ETOPO14)
Altitude in meters

Slope in degrees

Topographic Position Index

Terrain Ruggedness Index

The 8 surrounding cells altitude diff.

The flow direction of water

Linguistic Data

Language group occurrence data (n=1746) were obtained following two steps:

1) Georeferencing polygons of the area occupied by speakers of each language group from
linguistic maps ( Ross, 2005 adapted by WS, Ethnologue5, Muturzikin6)

2) Random sampling of up to 50 villages from DIVA-GIS database7 per language group
polygon

ELNs were reconstructed for: 26 Papuan languages and 9 Austronesian languages.

Ecological risk calculation

Nettle (1998) defines ecological risk as the reciprocal of the
Mean Growing Season (MGS) where the MGS is the period
(number of months) during which vegetation can grow. He
uses the Le-Houérou’s formula (1989) and states:
≪A month is included in the growing season if the average
daily temperature is more than 6➦C and the total precipitation
in millimeters is more than twice the average temperature in
centigrade.≫

Number of languages in each country regressed against the mean growing season in

months once the effects of the country’s size have been controlled for (Nettle, 1998)

In Nettle’s study, the MGS of Papua New-Guinea (i.e half
of the region we studied here) was estimated, based on data
from 8 meteorological stations, at 10.88± 1.92 months. Net-
tle’s correlation is however questionable: the territory of a
country often encompasses a number of ecological regimes
resulting in meaningless MGSs. In order to more realistically
test Nettle’s hypothesis we apply Le-Houérou’s Growing Sea-
son (GS) formula at very high resolution (a value/km2) as
follows:

if ( Precipitation
Temperature∗10 > 2 and Temperature > 6➦C )

=⇒ Month is include in the GS

Results

ELN reconstructions of 35 language groups of New
Guinea identify two cases.

Case 1: The language group occupies a small subset of its potential ELN
This is the case for 13 Papuan language groups located
in the Highlands. Their ELNs cover, in each case, the
whole mountain range. The same applies to 15 language
groups (8 Papuan and 7 Austronesian) located outside
the Highlands (e.g. two Papuan and two Austronesian
language groups in the Transfly savanna and grassland
area, two Papuan and one Austronesian language in the
Bird’s Head area, one Papuan language in the South-
ern foothills, and seven have a relatively patched ELN).

Ekari ELN Demal ELN

Marind ELN Gogodala Suki ELN

Motu ELN Roro ELN

Manus ELN Bosavi ELN

For ELN reconstructions of different languages, the intensity of the red increases as

function of higher predictions, the unsuitable predictions are depicted in grey. The

geographic boundaries of languages are delineated in blue

Mek ELN PCA analysis

Mek ELN

Principal Component Analysis of the ELN reconstruction of a

Highland language group (the Mek) shows that the environ-

mental variables that determine this ELN strongly depend on

altitude and temperature.

The Eipo: Members of the Mek Group of Cultures and Lan-

guages, Highlands of West-New Guinea

Case 2: The area occupied by the language group and its potential ELN largely overlap

This is the case for 7 language groups (five Papuan
and two Austronesian) that occupy the swampy
coastal deltas bordering the Gulf of Papua and the
Arafura Sea.

Awyu Domot ELN Eleman ELN

Kiwai Porome ELN Mekeo ELN

Asmat-Kamoro ELN PCA analysis

Asmat Kamoro ELN

Principal Component Analysis of the ELN reconstruction of a language group

(the Asmat-Kamoro) living in the swampy coastal deltas bordering the Arufa Sea

shows that the environmental variables that determine the ELN mainly depend

on temperature.

Table of overlap between some reconstructed ELN

ELNs that are identical have an overlap value of ”1”, those
that are completely different a value of ”0”.
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1.00 0.58 0.76 0.10 0.19 0.61 0.03 0.01 0.02 0.28 0.08 0.25 0.13 0.01 0.19 0.21

x 1.00 0.54 0.05 0.13 0.61 0.12 0.08 0.09 0.42 0.15 0.15 0.34 0.00 0.21 0.13

x x x 1.00 0.78 0.14 0.01 0.02 0.02 0.04 0.02 0.62 0.01 0.01 0.27 0.71

x x x x 1.00 0.28 0.07 0.06 0.07 0.13 0.06 0.65 0.08 0.01 0.31 0.73

x x x x x 1.00 0.15 0.12 0.12 0.43 0.17 0.29 0.30 0.02 0.29 0.26

x x x x x x 1.00 0.85 0.79 0.11 0.04 0.02 0.33 0.00 0.07 0.01

x x x x x x x 1.00 0.85 0.05 0.01 0.02 0.28 0.00 0.04 0.02

x x x x x x x x 1.00 0.06 0.00 0.02 0.31 0.00 0.04 0.02

x x x x x x x x x 1.00 0.45 0.18 0.46 0.13 0.30 0.13

x x x x x x x x x x 1.00 0.15 0.27 0.21 0.17 0.08

x x x x x x x x x x x 1.00 0.08 0.08 0.39 0.83

x x x x x x x x x x x x 1.00 0.02 0.26 0.04

x x x x x x x x x x x x x 1.00 0.12 0.04

x x x x x x x x x x x x x x 1.00 0.38

x x x x x x x x x x x x x x x 1.00

Overlap > 0.70 are represented in bold red
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31 Biak

32 Manus

37 Roro

38 Motu

01 West Bomberai

02 Ekari *

04 Demal *

08 Mek *

09 Asmat Kamoro

10 Awyu Domot

12 Marind

15 Bosavi

25 Eleman

27 Kiwai Porome

28 Gogodala Suki

 overlap between Austronesian ELNs

 overlap between Papuan  ELNs (*) Papuan language groups located in the Highlands

overlap between Austronesian and Papuan ELNs

Overlap measures are high between ELNs of Papuan language groups living in

the Highlands, between some insular Austronesian (e.g. New Ireland and Biak), and

between some main island Austronesian and Papuan language groups as well (e.g.

Roro, Motu, and Gogodala Suki)

Correlation between ecological risk and linguistic diversity
Application of the ecological risk formula to the studied area iden-
tifies higher GS values in the highlands where the highest linguistic
diversity is observed. This is congruent with Nettle’s (1998) ex-
pectations that ecological risk and linguistic diversity are inversely
correlated and that this pattern is particularly marked in the tropics.

The highest values of recalculated growing season geographically matches more or less with ELNs

of the Highland language groups. It is also observed that the majority of language groups clas-

sified in case 2 (via ELN reconstruction) are located in areas characterized by elevated values of

ecological risk

Attempts have been made in the past to understand to what extent linguistic diversity related to environment (Nettle, 1998; Collard and Foley, 2002). Our study represents the first case in
which ecological niche modeling methods are used to explore and quantify this relationship. We hypothesize that close correspondence (large degree of overlap) between ELN and language group
represents a situation in which language affiliation reflects ethnic affiliation and specific material culture and subsistence strategies. A lack of coincidence between ELN and language group likely
points to situations in which language groups are largely independent from subsistence strategies (i.e. people speaking different languages but having similar subsistence strategies). Mechanisms
determining linguistic diversity and its geography in these last cases are not influenced by ecology. Additional investigation is required to further test these hypotheses. Understanding the links
and mechanisms at play between the interactions that exist between language, material culture and ecology is key when attempting to interpret the variability that we observe in the ethnographic
record. Such interpretations may prove useful when investigating the more distant past.
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