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Abstract

We examined the limitations of parataxonomic invento-
ries for developing management plans for woody plant re-
sources in tropical rain forests of southwestern Amazo-
nia. Using compilations of herbarium labels, forest per-
sonnel interviews and published species descriptions, we
assessed the accuracy of common names as parataxo-
nomic units (PUs).

We identified 384 common names for 310 harvested
woody plant species in the Brazilian state of Acre, of which
only 50% were unique to a single taxonomic species.
About 10% of common names referred to more than one
species, more than half of which included multiple genera.
For the 106 species from the Acre sample common to the
MAP region including Madre de Dios, Peru and Pando,
Bolivia, we identified 198 common names. Splitting was
much more frequent in this sample, with more than 80% of
species having more than one common name. When the
Acre sample was expanded to 131 species from the Bra-
zilian Amazon region, including the states of Amazonas
and Para, we identified 740 common names, with nearly
90% of species being represented by more than one com-
mon name.

Errors and inaccuracy of parataxonomy may contribute to
market instability if product orders can not be homogenized
within regional markets, and to unsustainable harvests if
species are mistakenly lumped into single parataxonomic
units. We discuss several programs currently being imple-
mented by our collaborative team in the region to address
this issue, including field guides based on digital photog-
raphy, field courses, and workshops featuring discussions
between regional inventory personnel and botanists.

Introduction

Recent studies examining the integration of local peoples
and their traditional knowledge into biodiversity conser-
vation have debated the utility of parataxonomy, or the
identification of biological specimens by local person-
nel that have not received formal training in taxonomy
and systematics (Basset et al. 2000, 2004, Janzen 1993,
2004, Krell 2004, Oliver & Beattie 1996). Parataxonomy
has been championed because of a growing recognition
that descriptive taxonomy has been losing both funding
and prestige in recent years, resulting in shortages of
personnel and finances (Godfray 2002, Oliver & Beattie
1996). Accordingly, much attention has focused on how
and when parataxonomy should be used for global inven-
tories of biodiversity (Raven & Wilson 1992, Sheil 2001).
Despite the common participation of parataxonomists in
inventories for harvested resources, considerably less at-
tention has been paid to the application of parataxonomy
to the conservation of harvested organisms including fish
and forest products (Costa-Neto 2000, Drew 2005). Jan-
zen (2004) suggested that parataxonomy will benefit bio-
diversity conservation by dissuading local peoples from
harvesting forest products. Yet many conservation biolo-
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gists recognize that emerging smallholder management
systems in tropical rain forests will oblige local person-
nel to conduct inventories designed to harvest the organ-
isms they census (Rockwell et al. 2006, Sheil & Lawrence
2004).

Several authors have cautioned that the benefits of
parataxonomy, such as increased efficiency and compre-
hensiveness of collections, may be offset by the error in-
curred when the information is not verified by profession-
al taxonomists (Basset et al. 2004, Krell 2004, Oliver &
Beattie 1996). Two major criticisms have surfaced. First,
some have questioned the replicability of the sorting pro-
cess wherein organisms are divided into discrete groups
sharing morphological features (often referred to as mor-
phospecies or recognizable taxonomic units, RTUs; here-
after referred to as parataxonomic units, PUs, after Krell
(2004)). Because much of this work is done outside of the
traditional taxonomy system associated with museum col-
lections holding type specimens or species descriptions,
hypotheses of PU assignation may be erroneous and are
often unable to be tested (Krell 2004). Two types of errors
can occur during sorting. Frequently, subtle distinctions
in morphology are overlooked, and multiple similar taxa
are lumped into a single parataxonomic unit (Basset et
al. 2004, Oliver & Beattie 1993). Conversely, when large
numbers of samples are encountered, or when persons
with different training share work on a sample, single taxo-
nomic species may be split into multiple PUs (Krell 2004,
Oliver & Beattie 1993).

A second criticism raised for parataxonomy is that the
naming of sorted samples is not standardized as with
taxonomic binomials (Krell 2004). Sorting personnel may
use different naming systems because of differences in
language, training and/or regional customs. Both lump-
ing and especially splitting can result from different nam-
ing systems, the former because of the application of the
same name to different species among parataxonomists
of different training, and the latter because of different
naming systems used for the same taxa.

The consequences of lumping and splitting for biodiver-
sity inventories are the obvious over- or under-estimations
of species counts (Basset et al. 2004, Krell 2004, Oliver
& Beattie 1993). Errors in parataxonomic inventories for
harvested organisms are perhaps even more danger-
ous (see Table 1). When multiple species share the same
common name (lumping), harvesting guidelines based on
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maximum sustained yield may be violated without any in-
dication in the management plan. Furthermore, buyers
may receive a different species from what they intended
because their association between common name and
species was not the same as the parataxonomist work-
ing with the seller. Negative consequences can also occur
when more than one common name is used for the same
species (splitting). A given species may be under-harvest-
ed because its true population size was underestimated,
potentially limiting the market for the seller.

In this paper, we examine the limitations of parataxonomic
inventories for developing management plans for woody
plant resources in tropical rain forests of southwestern
Amazonia. We combine data from interviews, herbarium
research, and literature reviews to evaluate the consisten-
cy of parataxonomic naming by local forest inventory per-
sonnel for woody plant species in the Amazon region. We
ask two general questions to address the two problems
associated with forest resource inventories. First, with
what frequency is more than one common name attribut-
ed to a harvested taxonomic species? Conversely, we ask
how often a single common name has been associated
with multiple plant taxa? We examine each of these ques-
tions at three scales: among inventory technicians within
Acre, Brazil, and between regions both within parts of Bra-
zilian Amazonia (Acre, Amazonas, Para) and between the
three countries in the MAP region (Madre de Dios, Peru;
Acre, Brazil; Pando, Bolivia). We discuss the implications
of our findings for the development of the emerging mar-
ket for community forest products in the Amazon, and we
present a strategic approach being implemented in Acre
to improve the current situation.

Methods

An overview of parataxonomic forest inventories

Botanical identification in many tropical forest manage-
ment inventories, including those used in communities in
the Amazon, generally takes place in two steps. The first
step occurs in the field, during which an inventory team,
including local tree spotters (mateiros) and sometimes
agents from a state agency or NGO, identify, mark, mea-
sure, and map trees in a pre-defined inventory unit of tens
of hectares. Species names are assigned by the mateiro
as a common name, based on learned associations be-
tween a series of morphological features (bark, slash,

Table 1. Lumping and splitting errors occurring in parataxonomic inventories and their potential ecological and economic

consequences for harvested species.

Definition Ecological Consequence Economic Consequence
Lumping > 1 species Overharvesting Discrepancies with orders

1 common name
Splitting 1 species Poor choice of trees to harvest | Underharvesting;

> 1 common name and to leave for seed trees Insufficient volume to fill orders
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odor, etc.) and associated common names of diverse ori-
gins. These names are then written on the inventory sheet
by the agent or another community member. The second
step in most forest inventories generally takes place in
the office of a local NGO or state agency. In this step, the
common names from the inventory sheets are converted
to taxonomic binomials. Conversions are made based on
reference with lists circulating within the agencies; to our
knowledge this conversion never involves consultation
with professional taxonomists.

Database for harvested woody plant species

To examine the accuracy of this method to avoid the po-
tential negative consequences associated with parataxo-
monic errors (Table 1), we constructed a database for all
common names associated with taxonomic species that
have been collected and identified by professional taxono-
mists. The database was divided into three parts. Our pri-
mary region of interest was the state of Acre, Brazil, where
the authors are involved with community forest manage-
ment for timber and non-timber forest products. Because
the market for many of these products has been extend-
ed within the immediate international region, as well as to
other areas within Brazilian Amazonia, we also expanded
the database to include sites from these areas.

We identified harvested woody plants as species attain-
ing at least 5 cm in diameter at breast height (DBH) that
have been cited in the literature or on herbarium labels
as useful for wood, seeds or fruit, bark, or exudates. We
compiled common names associated with each identified
species for each of the three databases using herbarium
ticket labels (Parque Zoobotanico, Acre; INPA, Manaus;
EMBRAPA, Belem), published flora and checklists (Ace-
vedo 2006, Araujo & da Silva 2000, Lorenzi 1998, Pen-
nington et al. 2004, Ribeiro et al. 1999, Vargas et al. 2005)
and interviews conducted during workshops and training
courses for more than 40 local treespotters in the region.
When identifications to species level were unavailable or
uncertain with no vouchers (less than 10% of entries),
we attributed only the genus, resulting in potentially in-
flated error rates. We considered each common name
as a distinct parataxonomic unit, because it is treated as
such for management plans that outline harvesting proce-
dures. Spelling modifications based on phonetic interpre-
tations or accents were eliminated, potentially resulting
in underestimates of actual error rates in forest manage-
ment plans. All database files are available from the cor-
responding author upon request.

Analyses

We identified lumping errors as cases where a single
common name was applied to more than one taxonom-
ic species. We identified splitting errors as cases where
more than one common name was applied to the same
taxonomic species. In addition to simple cases of lump-

ing and splitting such as those reported in other studies
of parataxonomist error rates (Basset et al. 2000, Krell
2004, Oliver & Beattie 1993), we also found a consider-
able number of cases where both lumping and splitting
occurred. That is, a common name was applied to mul-
tiple species, at least one of which had at least one other
common name.

Two assays have been proposed to assess the error as-
sociated with parataxonomic inventories. Oliver and Be-
attie (1993) calculated an error rate as the difference be-
tween the number of species and number of parataxo-
nomic units, standardized by the number of species in the
sample. Krell (2004) points out that this index can be mis-
leading because lumping and splitting errors compensate
in this calculation. He suggests the use of the accuracy
rate, which is simply the proportion of cases where a PU
is unique to a single taxonomic species.

For inventories of harvested species, we highlight what
we believe is the most telling statistic to assess errors of
species identification, the frequency of lumping, because
of its potential for negative ecological and economic con-
sequences (Table 1). We further analyze the taxonomic
levels at which lumping errors occur to prioritize species
complexes requiring immediate attention.

Results
Lumping and splitting at different regional scales

We identified 384 common names for 310 harvested
woody plant species in the Brazilian state of Acre, of which
only 50% were unique to a single taxonomic species. Al-
most half (43%) of common names shared another com-
mon name for the species with which they were associat-
ed, and 11% represented more than one species (Fig. 1).
For the 106 species from the Acre sample common to the
MAP region including Madre de Dios, Peru and Pando,
Bolivia, we identified 198 common names. Splitting was
much more frequent in this sample, with more than 80%
of species having more than one common name. Lumping
was consistent with the Acre sample, with nearly 11% of
common names representing more than one species.

When the Acre sample was expanded to 131 species from
the Brazilian Amazon region, including the states of Ama-
zonas and Para, we identified 740 common names, with
more than 90% of species being represented by more
than one common name.

Taxonomic levels of lumping

Overall, about half of lumping cases involved multiple spe-
cies from the same genus (Table 2). In the Acre sample,
more than 10% of common names referred to more than
one species, more than half of which included multiple
genera. Genus and family-level lumping rates were similar

www.ethnobotanyjournal.org/vol5/i1547-3465-05-077 .pdf



80

Ethnobotany Research & Applications

Frequency

A.Within Acre, Brazil, N=384

0.8

o
(2]
1

o
ES
1

0.2 1

0.0 -
<1 1 >1 *
Split Unique Lumped Split& Lumped
1.0 .
B. Within M-A-P Region, N=198 i
0.8 1 .
> 0.6
o 1
e |
= 1
o 1
2 0.4
L 1
0.2 !
0.0 :
<1 1 >1 *
Split Unique Lumped Split& Lumped
1.0 .
C.Within Brazilian Amazon, N=740 i
0.8 1 .
> :
© 0.6 i
o 1
[} 1
3 |
o I
2 0.4 |
=04 :
0.2 !
0.0 :
<1 1 >1 *
Split Unique Lumped Split& Lumped

Figure 1. The frequency of errors of
parataxonomic assignments of common
names to taxonomic species of woody
plants inventoried for community forest
management in Amazonia. Each plot shows
the percentage of cases where species are
split among common names (ratio < 1),
names are unique and correct (ratio = 1),
species are lumped for a single common
name (ratio > 1), or where a common name
was applied to multiple species - at least
one of which had at least one other common
name (*). Plots include databases compiled
for sites within (A) eastern Acre, Brazil; (B)
Acre and Madre de Dios, Peru and Pando,
Bolivia (MAP); and (C) Acre and Amazonas
and Para states (Brazilian Amazon). Sample
sizes refer to the number of common names
analyzed in each dataset. Species counts
are reported in Table 3.

in the Brazilian Amazon sample, but within
the international MAP region most grouped
species from the same genus. About one in
ten cases of lumping involved species from
more than one family, and this result was
consistent across the three data samples.
Accuracy and error of common names as
Parataxonomic Units

We found considerable differences among
the three indices we used to assess
parataxonomic sorting errors, despite the
relative consistency of each of these indi-
ces among the three sampled databases.
As Krell (2004) suggested, the error rate
was not at all consistent with the accura-
cy index (Table 3). In the regional samples
where splitting was common, the error rate
suggested by Oliver and Beattie (1993) may
represent overestimates. For example, if 30
species are lumped into 15 PUs the error is
50% according to the formula, whereas if
100 species are lumped into 1 PU, the er-
ror rate is only 99%, i.e. lower than splitting
15 species into 30 PUs. For the same rea-
son, however, the accuracy index may also
over-state the problem, although to a lesser
extent. The lumping frequency in all of our
samples was relatively consistent at about
10% (Table 2).

Discussion

The state of Acre in Brazil has become a
global model for community forest manage-
ment, in which local community members in
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Table 2. Taxonomic levels at which taxonomic species have been lumped into the same common name class. Data
are the frequency of sampled common names (N) corresponding to each taxonomic level. Columns indicate samples
from Acre, Brazil alone; Acre and Madre de Dios, Peru and Pando, Bolivia (M-A-P); and Acre and Amazonas and Para

states (Brazilian Amazon).

Taxonomic Location

Level Acre M-A-P Brazilian Amazon
Number of common names 380 198 740

1 species 190 4 1"

> 1 species, 1 genus 19 14 11

> 1 genus, 1 family 22 10

> 1 family 4 2 4

extractive reserves or colonial settlements design and im-
plement forest management plans that maintain forest cov-
er while harvesting forest resources (Kainer et al. 2003).
An oft-overlooked yet integral component in the manage-
ment of tropical forests by local peoples is the proper bo-
tanical identification of plants from which resources such
as timber or non-timber products are harvested. Our study
underlines the prevalence of mistakes in botanical identifi-
cation that may be common in Amazonian forest invento-
ries; a recent study in the Tapajos region found that more
than half of the species identification submitted in the
management plan for commercial timber harvests were
errors based on association of PUs (Lacerda 2005). Our
results are very consistent with this finding, if one consid-
ers that in the cases of splitting the probability of correct
identification can be estimated by the ratio of species to
common names, the mean of which was between 0.3 and
0.5 across the three samples. Below we discuss the scale
of the problem of using common names as PUs in forest
inventories at different regional scales. We then describe
several programs currently being implemented by our col-
laborative team in Acre to address this issue.

Scale of the problem
Mistaken associations between common names and bi-

ological species can occur during the field identification
(sorting) or data entry (naming) processes. In the field, two

types of problems can arise. First, the mateiros some-
times simply make mistakes identifying a tree due to oft-
shared characteristics among species. Our observations
suggest that this problem is the least frequent, although
we have not quantified this frequency. A second problem
occurring in the field results from parataxonomists using
different common names when identifying the same spe-
cies. In most cases, these multiple names are synonyms
for the same species, resulting in splitting. In some cases,
however, the same name is used by another mateiro to
identify a different species, resulting in lumping.

In our opinion, a graver mistake is being made during the
conversion of these common names to scientific names.
Conversions may be erroneous for one of at least two
reasons, both of which are related to the different use of
common names among mateiros who have immigrated
from, or have been trained in, different regions of Brazil
(Schmink & Cordero 1992). First, many of these lists are
made based on common names indicated by one or sev-
eral mateiros (who work together frequently) and scien-
tific names from subsequent identification of a collected
sample. Although these lists do provide one set of corre-
spondences between common and scientific names, they
are unfortunately far from complete. During our study we
encountered mateiros using the same names to indicate
completely different species (often multiple genera and
sometimes multiple families). In other cases, names were

Table 3. Error rate and accuracy of common names as parataxonomic units representing taxonomic species of woody
plants in Amazonia. Shown are the number of species and common names, and the corresponding error and accuracy
estimates, for each of three samples: Acre, Brazil alone; Acre and Madre de Dios, Peru and Pando, Bolivia (MAP); and

Acre and Amazonas and Para states (Brazilian Amazon).

Sample Number of Number of % Error’ % Accuracy? % Lumped?®
Species Common Names
Acre 310 384 23.9 50.0 11.6
MAP 106 198 86.7 2.1 10.3
Brazilian Amazon 131 740 465 1.5 7.0
1. Calculated after Oliver & Beattie (1993), as % Error = (Number of Species - Number of Common Names)/Number

of Species.

2. Calculated after Krell (2004) as the number of cases where a common name was unique to a single taxonomic

species.

3. Includes all cases where a common name represents more than one taxonomic species.
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used that were unreported in any previously published
study; we have observed tens of common names used
by community mateiros for which no reference from the
region includes a record. A compounding observed fac-
tor stems from an understandably strong desire among
forestry agents to use a complete species name in their
management plans. As a result, they may search any
source to obtain any scientific name for which they find a
reference to an observed common name.

The regional comparisons underline a need for open lines
of communication to reduce the frequency of splitting.
Clearly, regional patterns of common names exist that are
related to local dialects and the importance of characters
(Kakudidi 2004). We present the present coarse analysis
regrouping multiple samples in a region to underline the
need for immediate coordinated action to address this is-
sue. We suggest that state and federal government agen-
cies and/or NGOs should create and distribute a list of ac-
cepted common names and their associations with biolog-
ical species for use in all forest management inventories.
Working with local taxonomists and parataxonomists, the
key features of these complexes can be established to im-
prove the accuracy of these associations and to develop
materials for training of future taxonomists.

Collaborative initiatives in the region

Our observations have led to a list of needs both within
local communities and the agencies (governmental, non-
governmental and university) aiming to serve them.

«  Work with community mateiros to homogenize
names. The most important need we have identified
is to homogenize the use of common names such
that one common name is consistently used for each
species, both within and among communities, states
and nations.

«  Train more mateiros in the communities. A related
need is the training of more mateiros in many com-
munities. In some cases, communities are hiring ex-
ternal specialists to conduct their forest inventories.
In other communities, only one often older man is
recognized as a knowledgeable mateiro. We have
witnessed a strong interest and motivation among
younger community members, both male and fe-
male, to learn botany and inventory techniques. We
also note that trained parataxonomists can find well-
paid periodic employment as the local forest resource
markets develop, to supplement family incomes.

*  Get one homogenized list to all agencies working
with conversion of inventory data. Homogenization of
names during the field component of forest invento-
ries will be meaningless if not accompanied by con-
current efforts in the office activities during which for-
est management plans are written. An integral com-
ponent will be the production and distribution of an
updated list of correspondence that includes plurality
of common names. This list should be elaborated by
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a team including taxonomists and experienced ma-
teiros.

* Train agents in government and NGO agencies to
use this list and to work with mateiros to homogenize
names. As noted above, trained mateiros will need
to work with agents trained to understand the pitfalls
of identification and their potential ecological and eco-
nomic consequences.

»  Getreferenced material to local university herbaria and
to specialists to verify these names. Essential to the
entire process will be the development of a research-
oriented support network based in the regional her-
baria (see Stern & Eriksson 1996). Available voucher
material will be vital because many of the commercial
taxa are from difficult species complexes (e.g., Table
4) that may include new species and for which names
are likely to change in the near future.

Products addressing needs

Several excellent guides have been developed for tree
identification in the Amazon region, including the flora of
the Ducke reserve (Ribeiro et al. 1999), a guide to the trees
of Peru (Pennington et al. 2005) and the dendrological
guides of the Dendrogene project of EMBRAPA in the Bra-
zilian state of Para. In addition, the checklist of the Flora
of Acre prepared by collaborators from UFAC and the New
York Botanic Garden, will be published in early 2007.

To complement these resources, we have developed a se-
ries of botanical guides catered to mateiros and agency
agents that we hope will eventually address all five of the
identified needs. The first guide was designed as part of
the Rapid Color Guide series produced by Robin Foster
and his colleagues at the Field Museum of Chicago, with
support from the Gordon and Betty Moore Foundation.
This guide is being designed principally for field use by
sometimes analphabetic mateiros. Each plastified sheet
contains photos of trunk, slash, leaf and fruits for each of
six species, along with a list of common names and the ap-
propriate scientific name and family. The trial version was

Table 4. List of prioritized commercial tree species
complexes for further botanical study in Acre, Brazil..

Common Name(s) Genus Family
Abiu/maparajuba multiple Sapotaceae
Angelim multiple Fabaceae
Catuaba/Cedrinho/ | multiple Vochysiaceae
Guaruba

Copaiba Copaifera | Fabaceae
Cumaru (ferro) Dipteryx Fabaceae
Jutai Hymenaea | Fabaceae
Macaranduba Manilkara | Sapotaceae
Sucupira multiple Fabaceae
Tauari/Corrimboque | multiple Lecythidaceae
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published in June 2005 and was used in training work-
shops in July and August 2005. Subsequent revisions
include changes suggested by participants during work-
shops and courses. The guide can be downloaded in pdf
format free of charge from the internet at www.fmnh.org/
plantguides.

A second series of species sheets was developed by Dr.
Ferreira as part of courses he taught for mateiros in the
three-state MAP region in 2004. These guides are cur-
rently being updated by our group to serve as compre-
hensive information for all persons working with forest
management in the region, and will comprise two-sided
plastified sheets for each of 30 woody species including
ten palms. The front side will have photos of many char-
acteristics, including seedlings; the flip side will include a
botanical description of the species and a dichotomous
key that illustrates features distinguishing the species
from those with similar morphology.

To address the second two needs, our collaborative
group including the Acrean NGO Centro dos Trabalha-
dores da Amazonia (CTA) and the regional federal uni-
versity (UFAC) has begun to develop an updated list of
correspondence between common and scientific names,
based on the Acre database reported here, that incor-
porates the taxonomic level of certainty due to different
common name use among interviewed mateiros. The
current list includes more than three hundred common
names that have been used during forest inventories in
the Acre communities of Porto Dias and S&o Luis do Re-
manso. The list has been developed as a Microsoft Excel
file that includes a linking macro for the forest inventory
sheets used by technicians in the region.

Activities addressing needs

To address the first two needs, we have been conduct-
ing botany workshops in 2004 and 2005 within two of the
communities, and we participated in a module organized
by CTA for the training of community forest agents. Over-
all, these workshops have included 55 participants from
ten communities in eastern Acre, with 30 participants less
than 25 years old, and 14 women. Each workshop in-
cluded a series of discussions about pertinent botanical
characteristics, presentations about taxonomy and the
importance of names, and field discussions about links
between names and characteristics using actual trees.
We have also held a series of small inventory data train-
ing sessions for the forest agents working with inventory
data to discuss techniques and strategies for the collec-
tion, conversion and analysis of data. These sessions in-
cluded training in Microsoft Excel to use the macro func-
tions linking the forest inventory data files to the updated
correspondence list file.

To address the final need of botanical reference vouch-
ers, we have been working to help organize and inventory
the collections of commercial species within the regional
herbarium in Acre. This work has uncovered a surpris-

ing under-representation of samples for some of the dif-
ficult complexes of commercially-important species, lead-
ing to a prioritization list for future collections (Table 4).
It is our hope that these collections will be made as part
of field and herbarium training workshops with develop-
ing parataxonomists and local forestry agents. We be-
lieve these workshops will foster bi-directional exchanges
wherein traditional ecological knowledge held by local ma-
teiros regarding characters informing folk taxonomy may
prove taxonomically informative (Kakudidi 2004, Sheil &
Lawrence 2004). In this way parataxonomists could com-
plement the work of professional taxonomists and molecu-
lar biologists to resolve the true taxonomy of these difficult
genera.
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