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Abstract. In this paper we describe two network models as a base for under-
standing the relevance of social processes involving collectors for shaping the
composition of biological collections. Species-Collector Networks (SCNs) rep-
resent the interests of collectors towards particular species, while Collector
CoWorking Networks (CWNs) represent collaborative ties between collectors
during fieldwork. We demonstrate the practical use of our models with species
occurrence data from the University of Brası́lia Herbarium.

1. Introduction
Biological collections are regarded as invaluable sources of primary biodiversity in-
formation, storing a large amount of physical materials and digital records that docu-
ment the history of existence of organisms on geographic space. Data from biologi-
cal collections have been increasingly used for a multitude of ecological and conserva-
tionist investigations, including the prediction of species responses to climate change,
the selection of areas of high priority for conservation, the construction of red lists of
threatened species, and the study of routes of biological invasion, just to cite a few
[Nualart et al. 2017, Chapman 2005].

Many of the aforementioned studies involve the investigation of biogeographical
patterns of species using species occurrence records (Figure 1), regarded as a funda-
mental source of biodiversity information. Each species occurrence record represents a
gathering act, in which a collector (or team of collectors) collects a material evidence of
the existence of a species at some locality and at some point in geographical space and
time. Such an evidence is referred to as a specimen (not to be confused with species).
After the specimen is properly incorporated to a collection, its taxonomic identity can be
determined by professional taxonomists. This process consists of assigning a scientific
name to the specimen, at the highest taxonomic rank as possible (usually species).

One important caveat of biological collections is that they are composed of occur-
rence records gathered at an enormous variety of circumstances, by a large community
of collectors with distinct interests and using distinct sampling strategies. Collectors also
tend to oversample species of their direct interests, at their preferred locations. As a con-
sequence, biological collections fail to accurately represent the biological diversity within
their actuation regions.Instead, they provide a partial sampled view, biased towards the
interests and habits of their most productive collectors.

In this context, we propose a network-based approach for understanding how com-
plex arrangements of the perceptions, interests and interactions of collectors shape the
assemblage of biological collections. The approach is based on two classes of network
models structuring collaborative relations involving pairs of collectors; and interest rela-
tions involving collectors and the species they record.
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Figure 1. Entity-relationship diagram illustrating the main features of species
occurrence records. The cardinality of relationships is represented using the
Crow’s foot notation.

2. Network Models
Network models have been used in a myriad of contexts for the investigation of com-
plex systems of interacting entities, from documents referring to each other in the
World Wide Web [Barabási and Albert 1999] to organisms interacting in ecological webs
[Bascompte 2007]. Networks are mathematically structured as graphs, composed of
nodes (representing entities) and edges (representing links between pairs of entities). In
this section we describe two classes of network models for investigating the taxonomic
interests and collaborative behavior of collectors.

2.1. Species-Collector Networks

Species-Collector Networks (SCNs) are a particular type of interest network, representing
the interests of collectors towards species they have recorded in field (Figure 2). Interest
relationships necessarily involve a species and a collector, and can be semantically de-
scribed as “collector samples species” or, conversely, “species is sampled by collector”.
As the network is composed of two distinct classes of entities which necessarily interact
with each other, the network is formally represented as an undirected bipartite graph

SCN = (Scol, Ssp, E), (1)

where Scol and Ssp are disjoint sets of nodes representing collectors and species, respec-
tively; and E is the set of undirected edges connecting members of Scol to Ssp. The
bipartite constraint ensures that all edges necessarily connect nodes from distinct sets,
thus avoiding the introduction of semantic inconsistencies in the model.

The network is constructed from a species occurrence dataset, requiring informa-
tion on (i) the names of the collectors and (ii) the species identity of the specimen at each
record. Each collector in the team is linked to the recorded species, and the total number
of times each collector or species occurs in the dataset is stored in their respective nodes
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Figure 2. Multiple perspectives of a Species-Collector Network (SCN): (a) Unpro-
jected bipartite network, showing collectors (green) linked to the species they
have recorded (red); (b) Projection onto the species set; (c) Projection onto the
collector set. In this figure, node size reflects the degrees of species and collec-
tors, and edge thickness reflects the strength of the links.

as the count attribute. Edges are weighted proportionally to the number of times each
species-collector association is observed in the dataset.

It is often convenient to summarize bipartite graphs into one-mode graphs, by link-
ing together nodes from the same set if they are intermediated by a node from the opposite
set. This operation is called a bipartite projection, and can be performed over each set of
nodes of a bipartite graph. A projection over the Ssp set provides a species-centric per-
spective (Figure 2(b)), in which species are directly connected if they have been recorded
by at least one collector in common. A complementary collector-centric perspective (Fig-
ure 2(c)) is obtained by performing a projection over the Scol set, such that collectors are
directly connected if they have recorded at least one species in common. At each pro-
jection, the weight of edges connecting nodes from the same set is proportional to the
similarity of their neighborhoods in the unprojected bipartite graph (i.e., the composition
of nodes from the opposite set to which they are linked).

Another relevant operation defined for SCNs is the taxonomic aggregation. This
process simplifies the network by grouping species nodes into taxa1 at higher taxonomic
ranks (e.g. genus or family). Therefore, taxonomic aggregation reduces the number of
nodes from the Ssp set, with the side-effect of increasing network density2. The taxo-
nomic resolution of a SCN is thus equivalent to the taxonomic rank at which species are
aggregated in the model.

1Plural of taxon.
2Network density is a measure of how close a network is to being fully connected.
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2.2. Collector CoWorking Networks
Collector CoWorking Networks (CWNs) are a particular type of collaboration network,
structured from collaboration (or coworking) relationships between collectors who col-
lect specimens together in field (Figure 3). Each coworking tie involves a pair of
collectors, and can be semantically described as “collectora records a specimen with
collectorb”. As opposed to SCNs, the taxonomic identities of the specimens recorded
are not represented in CWNs. The network is composed of nodes from a single entity
class, being formally represented as an undirected graph

CWN = (S,E), (2)

where S is the set of nodes representing collectors and E is the set of undirected edges
connecting members of S.

Figure 3. General aspect of a Collector CoWorking Network (CWN). Node size
reflects the number of records a collector has authored, and edge thickness re-
flects the number of collaborative records coauthored by a pair of collectors.

This network is also constructed from species occurrence datasets, though it only
requires information on the names of the collectors that have co-authored each record.
For each record with team size n,

(
n
2

)
links connecting all collectors in a pairwise fash-

ion are either formed or strengthened. Similarly to SCNs, the count attribute of each
collector node stores the number of times the collector is observed in the dataset. Edge
weight represents the strength of each link between collectors, and is calculated based on
some user-defined weighting rule. We have obtained good results by adopting the hyper-
bolic weighting rule [Newman 2001], which assumes that collaborative ties derived from
interactions in smaller teams tend to be stronger.

3. Proof of Concept: the University of Brası́lia Herbarium
In order to demonstrate the applicability of our models, we explored the social
structure and interests of collectors from the University of Brası́lia Herbarium (UB)
[Munhoz et al. 2018]. We used the species occurrence dataset of the UB herbarium, made
available through the GBIF3 platform, for building both the SCN and CWN models. In
order to improve the readability of the figures4, we aggregated the SCN at the family
rank, and filtered out some less relevant nodes, which we considered irrelevant for the
interpretation of the networks.

3https://www.gbif.org/
4Interactive versions of the networks are available at https://lncc-netsci.github.io/

pedrocs/networks/

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted June 8, 2018. ; https://doi.org/10.1101/341297doi: bioRxiv preprint 

https://doi.org/10.1101/341297


(i)

(ii)

(iii)

Acanthaceae

Achnanthaceae

Achnanthidiaceae

Alstroemeriaceae

Amaranthaceae

Amaryllidaceae

Amblystegiaceae

Amphipleuraceae

Anacardiaceae

Anemiaceae

Annonaceae

Anomoeoneidaceae

Apiaceae

Apocynaceae

Aquifoliaceae

Araceae

Araliaceae

Arecaceae

Aspleniaceae

Asteraceae

Bacillariaceae

Bartramiaceae

Begoniaceae

Bignoniaceae

Blechnaceae
Boraginaceae

Botryococcaceae

Brachysiraceae

Brachytheciaceae

Bromeliaceae

Bryaceae

Burmanniaceae

Burseraceae

Cactaceae

Calophyllaceae

Calymperaceae

Campanulaceae

Celastraceae

Chlorellaceae

Chroococcaceae

Chrysobalanaceae

Closteriaceae
Clusiaceae

Cocconeidaceae

Combretaceae

Connaraceae

Convolvulaceae

Cucurbitaceae

Cymbellaceae

Cyperaceae

Desmidiaceae

Diadesmidaceae

Dicranaceae

Dilleniaceae

Dioscoreaceae

Droseraceae

Dryopteridaceae

Ebenaceae

Entodontaceae

Ericaceae

Eriocaulaceae

Erythroxylaceae

Euglenaceae

Eunotiaceae

Euphorbiaceae

Fabaceae

Fabroniaceae

Fissidentaceae

Fragilariaceae

Gentianaceae

Gesneriaceae

Gomphonemataceae

Hookeriaceae

Hydrodictyaceae

Hymenophyllaceae

Hypnaceae

Icacinaceae

Iridaceae

Lamiaceae

Lauraceae

Lejeuneaceae

Lentibulariaceae

Lepidoziaceae

Loganiaceae

Loranthaceae

Lycopodiaceae

Lythraceae

Malpighiaceae

Malvaceae

Marantaceae

Melastomataceae

Meliaceae

Meteoriaceae

Moraceae

Myristicaceae

Myrtaceae

Naviculaceae

Neckeraceae

Nostocaceae

Nyctaginaceae

Ochnaceae

Onagraceae

Oocystaceae

Orchidaceae

Orobanchaceae

Orthotrichaceae

Oscillatoriaceae

Oxalidaceae

Parmeliaceae

Passifloraceae

Peraceae

Peridiniaceae

Phyllanthaceae

Physciaceae

Pinnulariaceae

Piperaceae

Plagiochilaceae

Plantaginaceae

Pleurosigmataceae

Poaceae

Polygalaceae

Polygonaceae

Polypodiaceae

Polytrichaceae

Pottiaceae

Primulaceae

Proteaceae

Pteridaceae

Pterobryaceae

Racopilaceae

Rhamnaceae

Rosaceae

Rubiaceae

Rutaceae

Salicaceae

SantalaceaeSapindaceae

SapotaceaeScenedesmaceae

Selaginellaceae

Selenastraceae

Sellaphoraceae

Sematophyllaceae

Siparunaceae

Smilacaceae

Solanaceae

Sphaerocystidaceae

Sphagnaceae

Splachnobryaceae

Stauroneidaceae

Stephanodiscaceae

Stereophyllaceae

Styracaceae

Surirellaceae

Thelypteridaceae

Thuidiaceae

Treubariaceae

Turneraceae

Velloziaceae

Verbenaceae

Vitaceae

Vochysiaceae

Xyridaceae

abdo,msa

aedo,c

alava,r

albuquerque,v

alho,k

alkimim,w

allem,ac

almeida,sp

almeida,te

alvarenga,d

alves,m

alves,mm

amaral,ag

amaral,jp

amaral,mce

amaral,mf

amorim,ama

amorim,eh

amorim,prf

anderson,le

anderson,wr

andersson,l

andrade,mc

aquino,ppu

arantes,aa

araujo,gm

araujo,je

arbo,mm

arcela,v

argent,gcg

astle,wl

augusto,mm

azevedo,mlm

bailey,wm

barbosa,a

barbosa,e

barbosa,m

barbosasilva,d

barreto,m

barros,mag

barroso,gm

batalha,ma

batista,jan

batista,ma

bausen,e

belem,rp

ben

bergo,nm

bezerra,kmg

bijos,nr

bishop,le

black,ga

bonasora,mg

bordin,j

brade,ac

brandao,m

bredt,a

breedlove,de

bresolin,a

bridgewater,s

bringel,jba

brito,ds

brito,hs

bucci,ffb

buck,wr

caires,cs

calago,k

caliente,ad

camara,peas

camargo,mgg

campos,lzo

campos,mbs

cappellari,sc

cardoso,a

cardoso,agt

cardoso,cfr

cardoso,de

cardoso,es

carmo,mrb

carrijo,t

carvalho,avm

carvalho,ja

carvalho,jfv

carvalho,phs

carvalho,ps

carvalhosilva,m

castellanos,a

castelobranco,cw

castro,bm

castro,ra

cavalcante,pb

cavalcanti,tb

cerqueira,rm

cervi,ca

cesar,hl

cezare,chg

chacon,rg

chagas

chagas,ur

chagas-e-silva,fc

chaves,be

chaves,da

chaves,e

clayton,wd

coelho,gsf

conceicao,as

conceicao,gm

concha,c

consolaro,hn

coradin,lc

cordeiro,i

cordeiro,j

cordovil,sp

cornelio,in

correa,acg

correia,cas

costa,dp

costa,ir

costa,rs

costich,d

cota,mrc

coveny,rg

cristine,a

damascenojunior,ga

dambros,la

dantas,ts

davidse,g

delprete,pg

dianese,jc

dias,eba

dias,rra

duarte,ap
duarte,pj

duartesilva,ag

duval,fg

eduardojunior

edward,woo

eiten,g

eiten,lt

elliott,gn

emmert,p

equipedachesfctnopetcon

eugenio,cuo

fagg,cw

fankdecarvalho,sm

faria,ala

faria,jeq

farias,ca

farias,r

fechina,f

felfili,jm

fernandes,cm

fernandes,mh

fernandes,sdc

fernandezalonso,jl

ferreira,a

ferreira,mb

filgueiras,ts

flores,tb

folli,da

fonseca,js

fonseca,ml

fonseca,sf

fonseca,sg

fonsecafilho,j

fontes,cg

franca,f

francener,a

francisco,em

franczak,dd

fryxell,pa

furlan,a

furtado,mtr

gama,r

ganev,w

gates,b

giotto,ac

giulietti,aml

godfrey,rk

gomes,bm

gomes,sm

gomesjunior,jc

goncalves,eg

goncalves,mf

gonzaga,rmo

goodland,r

gottsberger,g

gottsberger,is

grando,jv

grearjunior,jw

guglieri,a

guimaraes,ll

guimaraes,pjf

guimaraes,rm

gusmao,ef

hagberg,m

hage,jl

haidar,rf

hall,cf

hamburg,hf

hamnede,m

haridasan,m

harley,rm

harris,sa

harvey,lh

hass,jh

hatschbach,g

hattori,eko

hawthorne,w

hedenas,l

hensold,n

heringer,ep
hiago,f

hill,sr

hoehne,w

hunt,dr

ianhez,ml

ibrahim,m

iglesias,jov

ipse

iri

irwin,hs

ivanauskas,nm

izetti,c

james,ek

jardim,jg

jesus,fpr

jesus,ng

jungbluth,p

junqueira,di

kallin-arroyo,mt

kause,i

killip,ep

king,rm

kirkbride,mcg

kirkbride-junior,jh

kitaura,m

klazenga,n

klein,rm

klein,vlg

krieger,pl

kuhlmann,jg

kuhlmann,mp

kummrow,r

laine,k

laine,u

landim,mf

landrum,lr

landrum,ss

lee,eyt

leitao-filho,h

leite,alta

leite,lq

leite,rn

lemos,rpm

lima,as

lima,df

lima,jcm

lima,jh

lima,n

lindeman,jc

lucas,ej

lughadha,en

lunardelli,c

macedo,m

machado,aimr

machadoneto,a

magalhaes,m

magill,re

magnago,h

maguire,b

maria,j

marimon,bs

marocollo,jf

marquete,r

marshall,c

martins,cr

martins,ds

martins,rc

matos,mq

mattos,j

maxwell,hh

mazine-capelo,ff

mecenas,vv

medri,c

mello,trb

mellosilva,r

melo,e

melo,md

melo,ms

mendes,ica

mendes,mra

mendes,s

mendes,vc

mendonca,rc

meneguzzo,tec

menezes,lc

menezes,nl

milhomens,lc

mimura,i

minervino,js

miranda,sc

miranda,zjg

moreira,ga

moreira,hjc

moreira,ph

moreira,tb

mori,sa

moura,co

moura,os

mundim,jv

munhoz,cbr

muniz,fh

nakajima,jn

nascimento,ea

nascimentojunior,ic

nitikman,lz

nobrega,mg

nogales,t

nogueira,lmg

noletto,lg

novelino,rf

odell,d

odelvik,g

oku,w

oliveira,de

oliveira,e

oliveira,fcao

oliveira,hc

oliveira,jrpm

oliveira,rc

oliveira,rg

oliveira,rir

oliveira,rs

onishi,e

pacheco,ma

pacheco,ra

paiva,jga

paixao,jl

passos,fb

pastore,jfb

paula,je

pennington,rt

peralta,df

pereira,ams

pereira,bas

pereira,cg

pereira,dv

pereira,e

pereira,ffo

pereira,im

pereira,jb

pereirasilva,g

peresjunior,ak

petracco,p

philcox,d

pinheiro,eml

pinheiro,gs

pinheiro,m

pinheiro,r

pinheiro,rs

pinto,jrr

pinto,rnm

pirani,jr

pires,jn

plowman,tc

pohl,rw

pott,a

pozo,p

prance,gt

proenca,ceb

projetobiodiversidadebp

queiroz,lp

raimundo,r

ramalho,cl

rambo,b

ramos,ae

ramos,j

ramos,mvv

ramos,pcm

ratter,ja

raynal,a

raynal,j

reis,gr

reis,pa

reisjunior,fb

ribas,os

ribeiro,aj

ribeiro,aro

ribeiro,dg

ribeiro,jf

richardspwin

rios,mns

rivera,vl

rizzo,ja

robinson,ea

rocha,dms

rocha,mal

rodrigues,as

rodrigues,wm

rolim,lb

romao,go

romero,r

ronblom,k

rosa,po

rossi,l

rua,gh

saddi,n

salino,a

salles,sc

salmito,we

samii,mbb

sampaio,ab

santana,sc

santiago,m

santos,aa
santos,e

santos,eb

santos,er

santos,gb

santos,jb

santos,jr

santos,ml

santos,nd

santos,rrb

santos,ts

schiffner,v

schliewe,ma

sendulsky,t

senna,e

shaw,aj

shevock,jr

silva,ap

silva,as

silva,dp

silva,f

silva,gpsilva,jcs

silva,jfg

silva,jm

silva,jma

silva,js

silva,lam

silva,lf

silva,lv

silva,ma

silva,mg

silva,n

silva,nf

silva,nt

silva,rr

silva,ss

silvafilho,ap

silvajunior,ma

silvajunior,mc

silvestre,lfv

simon,mf

simpson-junior,pl

siqueira,gs

siracusa,p

skvortzov,b

smith,gm

soares,aer

soares-silva,lh

sobral,m

soderstrom,tr

solorzano,a

soto,d

sousa,mwssouza,acm

souza,enf

souza,jp

souza,lf

souza,mc

souza,mgm

souza,rr

souza,rv

souza,vc

souzasilva,s

splett,s

staggemeier,vr

staggmeier,vg

stieber,mt

sucre,d

swayne,jr

symon,de

taxonomyclassofuniversidadedebrasilia

teixeirajunior,aq

teles,am

thomas,ww

thome,ga

touw,a

turmadebotanicadecampo

turmadevegetacaodocerrado

tyski,l

vale,gd

vanrooy,j

vasconcelos,lv

vasconcelos,tnc

verola,cf

versiane,afa

vicente,jc

villarroel,d

vinha,sg

viollati,lg

vital,dm

viveiros,r

walter,bmt

wasshausen,dc

wilson,kl

windler,dr

wood,jri

zanatta,mrv

zartman,ce

Figure 4. General aspect of the UB SCN, taxonomically aggregated at the family
rank. Species and collector nodes are colored in pink and green, respectively.
Node size is based on the count attribute, whilst the color and width of edges
reflect their weight. Polygons (i), (ii) and (iii) are placed around communities that
are visually most distinguishable.

A first aspect to notice is that few collectors in the SCN have recorded a very high
number of families (e.g. ‘irwin,hs’), while the majority of them have recorded only a few.
Conversely, most families have been collected by few collectors, while some of them (e.g.
Fabaceae) are collected by many. The central region of the SCN (Figure 4) contains some
of the most relevant collectors of the herbarium (including ‘irwin,hs’ and ‘heringer,ep’),
as well as very representative families of the Cerrado biome (Fabaceae, Myrtaceae, Aster-
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Figure 5. General aspect of the UB CWN. A total of 30 distinct coworking groups
have been identified, and are differentiated by color. Node size is based on the
count attribute, whilst the width of edges reflext their weight.

aceae). Families at the central region are those more widely collected, while those towards
the extremities are recorded by more specialized groups of collectors. We visually identi-
fied three main communities of common interests, formed by groups of collectors who
are more specialized towards particular subsets of families than are other collectors, ex-
ternal to the group. Nodes within polygon i comprise a large part of the collectors from
the Cryptogams Lab5 (headed by ‘camara,peas’, ‘carvalhosilva,m’ and ‘souza,mgm’), to-
gether with the families they are more interested in (especially Sematophyllaceae, a fam-
ily of mosses). Polygon ii contains green algae collectors (‘leite,alta’, ‘castelobranco,cw’
and ‘grando,jv’, mostly recording family Desmidiaceae); and polygon iii contains another
member of the Cryptogams Lab (‘souza,mgm’), who is particularly interested on diatoms,
especially from families Eunotiaceae, Naviculaceae and Pinnulariaceae. However, col-
lectors composing communities of common interests do not necessarily also collaborate
during field collections. This aspect can be investigated from the CWN.

5http://labcriptounb.blogspot.br
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Similarly to what we observed for the SCN, few collectors have collaborated with
many others in the CWN (e.g. ‘proenca,ceb’, at the center of the network), while the
majority of them hold collaboration ties with quite a few colleagues (Figure 5). We iden-
tified a total of 30 coworking groups in the CWN, by using the Louvain algorithm for
community detection [Blondel et al. 2008]. In some cases, collectors forming commu-
nities of common interests also form coworking groups (as it is the case of the Cryp-
togams Lab team, colored in pink, except for ‘souza,mgm’). It also happens that col-
lectors belong to the same community of common interests but do not collaborate (e.g.
‘bringel,jba’ and ‘chaves,da’, specialists in family Asteraceae); or that collectors belong
to the same coworking group but have very distinct taxonomic interests (e.g. ‘faria,jeq’
and ‘zanatta,mrv’). Finally, coworking groups can only be formed between collectors
whose periods of collecting activities overlap. For instance, collectors from the green
group (around ‘irwin,hs’) are considered to be the founders of the herbarium, with activ-
ities ranging from years 1960 to 1980, while a considerable part of collectors in network
became active since 1990. Thus, coworking groups can also be formed on a temporal
basis.

4. Final Remarks and Perspectives

Collaboration networks have been widely adopted in scientometric studies for investi-
gating the patterns of collaboration within scientific communities [Newman 2004]. To
the best of our knowledge, however, no previous attempts to investigate how collector
social structures shape the composition of biological collections have been reported in
scientific literature. The most similar study that we are aware investigates the forma-
tion of botanical exchange clubs from the 19th and 20th centuries in Britain and Ire-
land [Groom et al. 2014]. Such clubs were composed of botanists who corresponded to
each other by exchanging plant specimens, with the goal of expanding their collections.
Another recent study uses network analysis to investigate the connectivity patterns and
roles of organizations in the Biodiversity Informatics landscape [Bingham et al. 2017].
Another interesting study, which is at some level analogous to our SCNs, uses a network-
based approach for modeling the interests of music listeners towards genera, with the
goal of characterizing collective music listening habits among users of media streaming
platforms [Lambiotte and Ausloos 2006].

We believe our network models open new perspectives for research in the field
of Biodiversity Informatics, especially for applications that rely on data from biological
collections. With further developments from this work, we expect to provide mechanisms
for systematically profiling collectors: classifying them according to their expertises, their
collecting behaviors and their social roles in the collections they contribute to. Conversely,
species can be also characterized based on the profiles of collectors who most record
them. For instance, rare species tend to be mostly collected by experienced collectors, as
they usually explore higher diversities of habitats while collecting [ter Steege et al. 2011].
We also believe these models provide the structural basis for a mechanism of contextual
enrichment of records, allowing the investigation of how informative the composition of
collector teams can be about the circumstances of the gathering act (e.g. an experienced
collector teaming with many novices could indicate a recording taken during a field class).
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