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ETHNOSCIENCE, THE
"OLDEST SCIENCE"

A Needed Complement to Academic Science and
Citizen Science to Stem the Losses of Biodiversity,
Indigenous Languages, and Livelihoods

BENJAMIN T. WILDER, CAROLYN O'MEARA,
LAURA MONTI, AND GARY PAUL NABHAN

ITH ACCELERATING LOSSES of biodiversity, habitats, and native

languages, ethnoscience—including the study of traditional eco-

logical knowledge of species and landscapes held by indigenous
cultures—has become ever more significant. Globally, 20 percent of described
species are likely to face extinction over the next two to three decades (Maffi
w0or). Indeed, current extinction rates vastly exceed background rates among
vertebrate taxa by 114 times under the most conservative of calculations (Cebal-
los et al. 2015). Simultaneously, Rogers and Campbell (in press) estimate that
one language goes extinct every 3.5 months, and that 3,134 of the 6,901 known
living languages are endangered. Linguistic and biological diversity are tightly
voupled and face similarly grim futures (Gorenflo et al. 2011).

Collaborative efforts to adequately document local biological classifications
ind associated traditional knowledge of species distributions and habitats are,
in a very real sense, time-sensitive. While indigenous knowledge of the natural
world can arguably be honored as “the oldest science,” since it predates the
lormal articulation of Western scientific tenets and organized citizen science
hy thousands of years, it is in many ways rapidly shifting, if not dramatically

\ complementary discussion of this topic is in preparation with the journal Bioscience as this
volume goes to press.
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eroding. This is especially true among communities suffering from declining
use of their indigenous languages. As such, there is an urgent need to support
the communities attempting to revitalize their native tongues and maintain
their traditional livelihoods based on natural resources. Fortunately, there are
growing efforts among indigenous cultures to direct projects that restore habi-
tats of declining species and resuscitate lost practices and knowledge.

Recently, citizen scientists efforts to help inventory and monitor the world’s
declining biodiversity have been given the attention they have long deserved
(Miller-Rushing et al. so12). Laudable efforts are underway to reengage a
broader segment of the population in making natural history observations of
biodiversity imperiled by climate change, and discussing the moral implications
of such changes (Nisbet et al. 2010; Miller-Rushing et al. 2012). Here we wish
to direct comparable attention to the value of indigenous knowledge embedded
in local taxonomies. Few scientists open to citizen science collaborations have
found appropriate means of accommodating observations made by indigenous
foragers, fishers, hunters, farmers, and artisans who have a particularly sophis-
ticated grasp of place-based changes in biodiversity through time and space.
Accommodating their knowledge should be of keen interest to those scholars
working to bridge the environmental sciences with social sciences, arts, and
religion to better engage the diverse constituencies in addressing the biological
and cultural consequences of climate change (Nisbet et al. 2010). It may help us
avoid a truncated approach to knowledge that limits the horizon of discovery
and merely pays lip service to averting the loss of biocultural diversity.

INDIGENOUS SCIENCE AS COMPARED
TO ACADEMIC AND CITIZEN SCIENCE

As never before, direct comparisons of relatively comprehensive treatments of
species, habitats, and landscapes from Western and indigenous perspectives are
now possible. The junction of different ways of perceiving and cataloguing bio-
diversity is a bountiful realm for collaboration and respectful learning across
cultures. The nexus of diverse worldviews can be the departure point for future
efforts to both document and conserve. However, we must consider that dispar-
ate cultures have not necessarily arrived at parallel typologies and classification
structures for discerning the lives and habitats around them. Why are there
widely heralded cases of one-to-one correspondences of Western and local
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classifications, but intriguing divergences as well? Can indigenous names and
mythology of the geographic origins of certain species serve as the basis of test-
able hypotheses, just as a scientist’s observations have been utilized?

The knowledge base of most indigenous science is ancient yet dynamic.
Place-based natural history observations gathered over centuries or millennia
are distilled in the lexicon, calendars, place names or maps, and other practices
of indigenous resource managers. Indigenous scientific knowledge is in many
ways complementary to—not contradictory or redundant with—academic sci-
ence and citizen science (Table 3.1). In fact, local taxonomies already bridge
detailed place-based natural history observations with moral dimensions and
artistic, effective communication strategies that some biodiversity and climate
scientists are now striving to encompass in their own work (Nisbet et al. 2010).

As linguistic loss accelerates and traditional livelihoods decline, there is a
concomitant loss of traditional ecological knowledge of biodiversity and hab-
itats within which it is nested. This compromised knowledge base—as indi-
cated by disuse of lexemes that refer to particular organisms—may hamper the
indigenous community itself and humanity at large in gaining a more holistic
understanding and management framework for dealing with imperiled species,
habitats, and the stresses currently being placed on them (Berkes 2012). Nev-
crtheless, the distributions, habitat needs, and behavior of locally declining or
plobally endangered species may remain better known by indigenous or local
peoples who have long resided in their territories than by Western-trained sci-
entists (Nabhan 2000). We desperately need such place-based knowledge to
help guide both species recovery and habitat restoration efforts. These efforts
may also be essential in supporting the persistence of resources on which liveli-
hoods for indigenous fishers, foragers, or hunters are based (Berkes 2012).

Fortunately, for decades, individuals in the biological and social sciences
have worked with leaders in indigenous communities to document the biocul-
tural diversity still extant in First Nations’ lands and waters (Maffi 2001). Until
recently, only a small minority of studies were formally guided or directed by
(raditional tribal elders, with technical support being provided by professional
or academic scientists (Gupta et al. 1993). But more than ever before, indigenous
lcaders are taking full leadership in documenting the diversity in their territory.
I'oremost among them are the ethno-ornithological and traditional medicinal
plant inventories in the Kuna Yala homelands of the Kuna in Panama.

‘There remain creative tensions to deal with when attempting to integrate
information, values, and cosmologies of distinct cultures. Perhaps there has



TABLE 3.1. Comparison of features of Western science, citizen science, and indigenous
knowledge/ethnoscience, following Berkes (2012) and Miller-Rushing et al. (2012)

CHARACTERISTICS

WESTERN SCIENCE

CITIZEN SCIENCE

INDIGENOUS
KNOWLEDGE/
ETHNOSCIENCE

Goals Seeking universals Offering local data Usually offering data
and testing theories to those seeking and pattern analysis
through experiments, | universals and testing specific to or bounded
analysis of data,and | theories by a culturally-defined
models space and time

Participants Largely done by Largely done by Largely done by
academically enlightened/commit- | “proto-professional”
trained professional ted “amateur” natural- | naturalists: foragers,
technicians, some of | ists, often trained in hunters, fishers, farm-
them naturalists other professions ers, and shamans

Communication | Primarily transmit- Primarily transmitted | Primarily transmitted
ted through written | through field notes, | orally in an indige-
works, graphs, social media, online nous language, also
and formal oral databases, and infor- | through song, story,
presentations mal oral presentations | maps,and art

Framework Done by individu- Done for pleasure by | Done in multi-
als, small teams, or cohorts of volunteer | generational
cyber-networks for participants in communities primarily
universal benefit informal networks for the community

often guided by
professionals

Worldview In most cases, wary Variable in directly Seamlessly linked to
of spiritual dimen- addressing spiritual, | spiritual dimensions
sions and ambivalent | moral,and ethical and ethical-moral
on ethical-moral dimensions, depend- | considerations
context ing on community

Methodological Insists on separation | Ambivalent on Less object-subject

concerns of object-subject object-subject dichotomy

dichotomy

Location/Scale Increasingly done Preferably affection- | Embedded in cultural

irrespective of place
or focused on model
systems

ately done as place-
based inquiry

cosmology specific to

place
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been a prevailing ideological bias among linguists and biologists toward finding
“universal principles” of classification embedded in folk biological taxonomies
(o which most, if not all known cultures have adhered to. Such apparent com-
monalities have been enough to convince some scientists that the prevailing
one-to-one correspondences of folk and scientific taxonomies indicate that such
taxa are “biologically real” entities and not just arbitrary constructs of human
minds (Begossi et al. 2008). Such over-simplified use of universal principles
risk ignoring the very essence of diversity itself. Instead, we must give particular
ittention to the anomalies, the unique cultural expressions, and the collisions of
dissonant taxonomic structures. Historically, while linguists or taxonomists may
have favored certitude over dissonance, we no longer wish to risk doing so at the
expense of the very diversity we wish to honor.

PRIORITIZING ACTIONS

As Gewin (2002) has capably described, there are many new emerging collab-
orations to adapt taxonomic inventories for the Internet age. These innovative
approaches often involve broader collaborations and participatory strategies to
inventory the world’s remaining biodiversity before it is too late. Some of these
cngage citizen scientists as “parataxonomists” to assist academic scientists with
All Taxa Biodiversity Inventories (ATBI), such as those initiated in the Guan-
acaste Conservation Area of Costa Rica (Janzen 2004), the NaturaLista pro-
gram spearheaded by the Mexican National Commission for the Knowledge
and Use of Biodiversity (CONABIO, http://conabio.inaturalist.org), and in
Great Smoky Mountains National Park in the United States. However, we wish
to encourage comprehensive collaborative work toward documenting inven-
tories of indigenous and Western knowledge for local biodiversity such as the
case study we present below. We also stress that knowledge maintained in rural
communities is equally valuable and in need of recognition and collaboration.

Given that the crisis in biocultural diversity is more complex and time-
sensitive than what we can gain by merely inventorying species, we argue that
before more species and languages (or merely lexical items) are lost, indige-
nous, rural, citizen, and professional scientists should collaborate to accomplish
five tasks:

1. Document in understudied/minority languages not only the local names (sim-

ple or compound lexemes) for, but descriptive natural history knowledge about
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as many plants and animals as possible, with particular focus on endangered
and endemic species;

2. Document more precisely the convergence and congruency between local tax-
onomies and Western knowledge schemas, as well as which species appear to
have culturally influenced distributions and abundances;

3. Attempt to discern the extent to which the very structures of local classification
systems in languages now at risk appear to be aberrant or incongruous with the
Western (or Linnaean) scientific classification system;

4. Engage indigenous or local communities in biodiversity documentation and
stewardship through culturally driven intergenerational learning, using native
language-based approaches as well as other ecological knowledge tools and
strategies;

5. Empower and support indigenous or local communities that choose to develop
their own programs for managing and recovering rare species in their home-
lands and waters, as a means to maintain or revitalize native languages and

customs in order to sustain traditional livelihoods.

CASE STUDY INVOLVING THE COMCAAC
OF THE GULF OF CALIFORNIA, MEXICO

Let us consider as a case study the progress made on these five tasks through
long-term collaborations between the Comcaac (Seri People) of Sonora, Mex-
ico, and a group of linguists, ethnobiologists, anthropologists, geographers, and
conservation biologists who have gained momentum and diversity over the last
quarter-century. The Comcaac are a seafaring and hunter-gatherer culture. They
or their ancestors or predecessors have lived in the arid coastal region of the
Sonoran Desert and Gulf of California for millennia (Bowen 2009). There are
around goo speakers of Crmiique Iitom (the Seri language) as of 2007 (Lewis
et al. 2015), almost all of whom are bilingual in Spanish. Crmiigue Titom has been
described as vibrant and its status as “vigorous” (Lewis et al. 2015), even while
taking into consideration its status as an endangered language (Moser and Mar-
lett 2010). Cmiique Iitom is not genealogically related to the neighboring cultures
in the family of Uto-Aztecan languages, and it has been classified as a language
isolate, meaning that we do not know with any precision its linguistic relatives.
A group of professional scientists from Mexico and the United States has
been engaged with Comcaac community leaders and young “para-ecologists”
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in what began ad ho, but has emerged as an ATBI. It encompasses both land-
scapes and seascapes along the Sonoran Desert coast of the Gulf of California
of Sonora and among the Midriff Islands. These efforts have documented sev-
cral sets of taxa in Cmiique Iitom and Western or Linnaean scientific terminol-
ogy to classify the biodiversity of that region.

In recent years, young Seri para-ecologists as well as elders have been co-
authors or listed as contributors on several significant studies of biodiversity
inventory, habitat conservation, and restoration published in a half-dozen ref-
ereed journals and four books from academic presses. Substantive collaborative
studies have been completed with contributors who are Comcaac regarding
vascular plants, marine invertebrates, fish, reptiles, birds, and mammals regard-
ing species migration, endangered species recovery, habitat restoration, and
indigenous (economic) uses.

These multicultural assessments of biodiversity serve as the departure point
for a more refined grasp of a region, in this case, the remarkably diverse Gulf of
California and the surrounding Sonoran Desert. Many researchers (e.g., Mar-
lett and Moser 1995; O’Meara 2010) have considered the way that the Comcaac
conceptualize and talk about their land and seascapes, containing abundant
references to plants and animals, as well as other “affordances,” or knowledge
that conveys the interweave between humans and their environments. Exam-
ples include Moosni Oofjja (lit. ‘what the green sea turtles encircle’), which refers
(0 a shoal in the ocean where Chelonia mydas individuals of certain age classes
apgregate, and Seenel Iitxo (lit. ‘where there are many butterflies’) an aggregation
site around scarce springs, seeps, or floral resources. The latter term may have
olfered human survival value, since it refers to a place where one would find
fresh water after rains on the extremely arid San Esteban Island. These names
clearly provide a context regarding biological resources located at culturally sig-
nificant sites.

As such, the collective knowledge of biodiversity among the Comcaac that
cvolved over millennia is embedded in complex local linguistic expressions and
cultural practices, which contributes new and often surprising information to
regional conservation efforts, particularly with regard to endemic or endan-
prered species (Nabhan 2003).

'These efforts have often led Western taxonomists to populations of plant
npecies previously uncollected in the region (Felger and Moser 198s). They
ilso document observed behaviors and interspecific interactions not initially
¢ncountered by academic scientists (Nabhan 2000), such as an undocumented



30 REDEFINING ETHNOBIOLOGY

overwintering population of sea turtles previously thought by scientists to
migrate away from the region during cold periods (Felger et al. 1976).

Seri place names also encode biological knowledge that has otherwise been
lost. The name in Crmiigue Iitom for Rasa Island, a small yet globally import-
ant seabird island in the middle of the Gulf of California is Tosni Iti Ihiiquet
(lit. ‘where the pelicans have their offspring’). However, the island has not had
breeding pelicans in the recent past (Anderson et al. 2013). Yet, translation of
Ttalian naturalist Federico Craveri’s journals from an 1856 voyage in the Gulf
reveals the presence of young pelicans on Rasa Island and corroborates the
accuracy of the Seri name (Bowen et al.in press).

Conversely, scholarly research can be incongruous with knowledge held by
the Comcaac. Seri mythology and historical records supported 2 longstand-
ing absence of desert bighorn sheep on Tiburén Island. The recent finding of
1,500-year-old dung of this herbivore on Tiburén demonstrates the presence
of this species on the island prior to its unintentional rewilding to the island in
1975 (Wilder et al. 2014). This is a situation where science is finding something
traditional knowledge has not preserved. We see opportunities to increasingly
use Seri knowledge and mythology to inform scientific hypotheses to be tested
through cross-cultural collaboration.

We equally value the contributions of professionally trained botanists and
citizen scientists in refining the scientific taxonomy and geography of desert
plants and animals in this region, especially when they attempt to correlate it
with Seri knowledge. Nabhan (2003), Bowen (2009), and Davy et al. (2011) have
refined our biological knowledge of which plant and animal taxa the Seri them-
selves culturally dispersed among islands and coastal habitats. O’Meara (2010)
showed that the landscape domain conceptualized by the Comcaac (based on
generic landscape terms) describes unique environmental characteristics. These
landscape categorizations could lead to new understanding of distribution pat-
terns of local species guilds.

Still other studies reveal major knowledge gaps, such as the names of mol-
lusks that refer to species currently unidentified by scientists or that have possi-
bly been locally extirpated already (Marlett 2014). Accounts of mythological sea
creatures and reptiles also unknown to Western science are embedded within
the songs and stories of their ancient navigation journeys throughout the Gulf
of California (Monti 2002).

As any other source of knowledge, indigenous ecological knowledge is
fluid and dynamic. Emerging medicinal knowledge of the Comcaac has been
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demonstrated by Narchi et al. (2014) in their documentation of the recent adop-
tion of a marine algae for medicinal purposes. Monti (2002) and her indigenous
vollaborators have also demonstrated how the Comcaac have adapted tradi-
tional knowledge to deal with emerging diseases and climate-driven environ-
mental stresses affecting human health in their region. Climate change, loss of
habitat, recently dispersed pathogens, and dietary changes have forced Com-
viac herbalists to innovate new uses of medicinal plant species.

Active efforts are being made not merely to archive but also to share this
knowledge within indigenous communities. With respect to language conserva-
tion and maintenance, Moser and Marlett (2010) have compiled and published
u (rilingual Seri-Spanish-English dictionary that defines and describes folk
taxa documented over the course of a half-century. Their efforts also encom-
s the publication of numerous monolingual booklets of stories in Cmiigue
litom for community use (Marlett 2013). Intensive courses and workshops on
native language literacy have been offered in recent years, which support lan-
juage maintenance and restoration that have involved dozens of younger Seri
imdividuals. Thanks to these efforts, various Seri adults have some reading and
writing ability in their own language. Now the younger generation can assure
that traditional knowledge held by Seri elders is being documented, retained,
and celebrated in their communities.

[n short, strengthening intergenerational knowledge transmission processes
in indigenous communities may be a necessary investment for engaging the
next generation in biodiversity stewardship. The combined efforts of commu-
nity and academic researchers over decades has led to both traditional knowl-
cdge and Western scientific knowledge being readily taught, accepted, and
tesulting in measureable benefits to species recovery and habitat restoration.
(“omcaac ecologists and researchers are gaining recognition in their community
and throughout the world, as their impressive list of publications and on-the-
pround achievements only hints.

Seri individuals who underwent para-ecologist training are now working for
Mexico’s Commission for Natural Protected Areas (CONANP), and the tribal
natural resources program. The quality of their work has been recognized by the
Smithsonian Institution’s Museum of the American Indian, the National Geo-
praphic Society, the Cousteau Society, Conservation International, the Amazon
(Conservation Team, Slow Food International, and many other international
organizations. Many of the participating researchers (academics and Comcaac
alike) are now members of the Next Generation Sonoran Desert Researchers
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(N-Gen; Wilder et al. 2013), a network of 300+ of the leading scholars in the
region—so percent based in the United States, and 50 percent based in Mex-
ico. Indigenous leaders from different cultures together with academics in the
region have convened the Biocultural Network of Sonora—an affiliate of the
national Biocultural Network in Mexico—to address some of the most pressing
ecological challenges confronting their communities. The next era of collabo-
ration can increasingly support the Comcaac as leaders in science and conser-
vation projects.

It is important to recognize the persistent external pressures not just on the
Seri, their language and homelands, but also on those of other indigenous com-
munities in rapid-changing coastal areas. The loss of their traditional livelihoods
is strongly linked to economic pressures. Efforts to appropriate indigenous ter-
ritory and natural resources by outside forces are unabated in many parts of
the world. Strategies to conserve and honor traditional ecological knowledge
must take into account the rights of indigenous communities for self-gover-
nance, intellectual property, prior informed consent, and maintenance of their
language and culture, while seeking sustainable economic development options
as affirmed in the United Nations Declaration on the Rights of Indigenous
Peoples in 2008.

The complex nuances of local classification systems are intricately connected
with the biocultural diversity that global actions aim to maintain. By not fully
honoring the real and potential value of indigenous science, as society often
does, our institutions risk ignoring the opportunity for consilience among the
many funds of knowledge collected over the millennia. It is especially danger-
ous to do so in a time of paired and accelerated loss of biodiversity and tradi-
tional knowledge. We strive for a future in which academics, governments, and
nonprofits working in civil society will document, honor, and value every bit of
cultural information regarding biodiversity, whether or not it initially appears
anomalous, incongruent, or not fitting with the prevailing opinion. Much may
be at stake if we sweep such “messiness” under the rug.
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