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ABSTRACT
The importance of a scientific collection is related to the preservation quality of its specimens. Speci-
mens that have been properly preserved may contain more quantity and quality of data than neglected 
specimens. The objective of this study was to determine the curation status of the specimens of the or-
der Coleoptera in the Invertebrate Collection of the Charles Darwin Research Station (ICCDRS) of the 
Charles Darwin Foundation, Santa Cruz Island, Galápagos, Ecuador. Our diagnostics of the collection 
included the analysis of ten metrics of 9201 dry-pinned beetles. We found that 8612 specimens are in 
optimal conditions, and damaged specimens are randomly distributed in the collection, indicating that 
handling and storage are appropriate. 83% of the beetles are identified as species, and 85% of the spec-
imens have been assigned a catalog number. These results indicate a very good curation status of this 
growing collection. Additionally, we discuss future directions to improve the curatorial process of this 
collection and incentivize its scientific use.
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RESUMEN
La importancia de una colección científica está relacionada con la calidad de preservación de sus espe-
címenes. Los especímenes conservados apropiadamente pueden brindar mayor cantidad y calidad de 
datos que especímenes descuidados. El objetivo de este estudio fue determinar el estado de curación de 
los especímenes del orden Coleoptera en la Colección de Invertebrados de la Estación Científica Char-
les Darwin (ICCDRS) de la Fundación Charles Darwin, Isla Santa Cruz, Galápagos, Ecuador. Nuestro 
diagnóstico de la colección incluyó el análisis de diez variables a 9201 especímenes montados con al-
fileres. Encontramos que 8612 especímenes están en óptimas condiciones, y los especímenes dañados 
están distribuidos al azar en la colección, indicando que la manipulación y el almacenamiento son 
apropiados. 83% de los escarabajos están identificados hasta especie, y 85% de los especímenes tienen 
asignado un número de catálogo. Estos resultados indican un buen estado de curación de esta colección 
que está en crecimiento. Adicionalmente, discutimos futuras direcciones para mejorar la curaduría de 
esta colección e incentivar su uso científico.

Palabras clave. colecciones científicas, Ecuador, evaluación de especímenes, identificación taxonó-
mica, manejo de colecciones.

INTRODUCTION

Natural history collections contain scientific material, that 
allows improve our understanding of the biological diver-
sity of the planet (Sánchez-Almazán 2017). The specimens 
harbored in collections with their associated data constitu-
te valuable records that help us to document changes (e.g., 
natural and anthropogenic) across different scales (Mesa 
and Bernal 2006, Ossa et al. 2012). The traditional use of 
collections is primarily in the field of taxonomy and ser-
ving as depositories of specimens that can be taxonomical 
references; thus collections are analogous to reference li-
braries for elaborating biodiversity inventories, ecological 
evaluations, and support studies in areas such as anatomy, 
evolution, ecology and, genetics (Mesa and Bernal 2006, 
Mora-Ambriz and Fuentes-Moreno 2006, Vélez et al. 
2012, García and Morffe 2020).

The scientific value of a collection is related to its cura-
tion, quality of the associated information, number of type 
specimens, diversity of groups represented, rarity, and ex-
clusivity of specimens (Sánchez-Almazán 2017). Properly 
preserved specimens provide invaluable data for the stu-
dy and conservation of biodiversity (Suarez and Tsutsui 
2004, Omedes 2005, Mesa and Bernal 2006, García and 
Morffe 2020); on the other hand, poorly managed collec-
tions diminish the original value of their holdings by not 

preventing specimen decay nor properly curating their as-
sociated data.

Management of biological collections demands a constant 
effort in the preservation of their holdings, and constantly 
improving methods to make the collections accessible 
and useful to the scientific community (García and Morffe 
2017). Lack of economic resources, personnel, and opera-
tional protocols can be detrimental to the normal functio-
ning of a collection, and it is usually evidenced in the ac-
cumulation and decay of specimens generating further 
issues in the management of the collection (Danks 1991, 
Arbeláez-Cortés et al. 2015, Martínez and Medina 2017).

The Invertebrate Collection of the Charles Darwin Research 
Station (ICCDRS), located in Puerto Ayora (Santa Cruz), 
contains more than 42 000 cataloged specimens belon-
ging to the Phylum Annelida, Arthropoda, Mollusca, and 
Onychophora. Since 1980, we have had data on Lepidoptera 
and Coleoptera species collected and donated by researchers 
as reference collections (Keating 1980). ICCDRS is the lar-
gest reference collection of terrestrial invertebrates of the 
Galápagos Islands, and its mission is to provide data for re-
search that would benefit the proper management and con-
servation of the islands (Jaramillo et al. 2013, FCD c2016). 
Because of its global and regional importance as the largest 
and most active repository of Galápagos biodiversity, it is 
necessary to determine how well preserved is the ICCDRS 



288

Román et al., 2023. Caldasia 45(2):286-295

collection. Our main objective was to conduct an evaluation 
of the curation status of the Coleoptera collection deposited 
at the ICCDRS using standardized techniques that may allow 
the replicability of this evaluation. Having an assessment of 
the conditions of the collection will help to improve the pro-
cesses for managing the collection with the goal to increase 
the lifetime of the specimens and make the associated data 
available to the scientific community.

MATERIAL AND METHODS

We evaluated the pinned specimens of the order Coleop-
tera of the ICCDRS collection. These specimens are stored 
in two large cabinets, that contain a total of 33 drawers— 
standard entomological boxes made with wood and co-
vered with a glass lid—which contain a total of 495 trays. 
For the evaluation of the smaller specimens (< 10 mm) we 
used a stereo microscope Leica EZ4E. 

Traditionally, the evaluation of collections has been per-
formed with metrics such as the collection profiling system 
and the collection health index (McGinley 1993). These 
well know metrics are ideal for large collections because 
the units that are measured are specimen containers such 
as drawers of pinned insects. Although, these metrics were 
designed for large collections, there are proposals of mo-
difications of these metrics to be used to quantify attribu-
tes of individual specimens if required (e.g., Fernández et 
al. 2005, Cárdenas and Delgadillo 2019). In this study for 
the evaluation of the collection—here referred as curation 
status—we used ten metrics retrieved directly from speci-
mens of the beetle collection at the ICCDRS: 

1) Curation level: We ranked each specimen in one out 
of seven categories of curation level; each of these levels 
has a value from zero to ten. The values were assigned fo-
llowing the criteria evaluated in Table 1. In the hypotheti-
cal case that all specimens are in excellent condition, we 
would have a total value of ten, and if all specimens were in 
very poor condition, we would obtain values close to 0.2) 
Status of specimens: we calculated a modified version of 
the metric ‘state of the specimen’ (Cárdenas and Delgadi-
llo 2019) for the entire collection. We added all the values 
of curation level and divided that value for the total num-
ber of examined specimens. 3) Status of trays: The cura-
tion level of all individuals in a tray was averaged, then 
the values were added and divided for the total number of 
examined trays. 4) Status of drawers: The curation level of 

all individuals in a drawer was averaged, then the values 
were added and divided for the total number of examined 
drawers. 5) Taxonomic representativeness: we calcula-
ted the percentage of beetle species in the ICCDRS out of 
all the beetle species reported for the Galápagos in Peck 
(c2017). 6) Status of taxonomic identification at the spe-
cies level: the percentage of specimens with taxonomical 
identification to the species level. 7) Status of taxonomic 
identification at the genus level: percentage of specimens 
whose lower taxonomic identification is at the genus level. 
8) Status of missing catalog numbers: the percentage of 
specimens that lack museum catalog number. 9) Informa-
tion status of complete specimens: the percentage of spe-
cimens with curation level equal to ten without identifica-
tion labels and locality data. 10) Type specimen holdings: 
number of type specimens.

Results and discussion 
Curation level: A total of 9402 dry-pinned specimens 
were reviewed. Most of the specimens—8612—belong to 
the category ten. The remaining of individuals are in the 
levels: zero (82 specimens), one (198 specimens), two (180 
specimens), four (89 specimens), six (eleven specimens) 
and seven (29 specimens) (Fig. 1a). The distribution of the 
curation level of specimens shows that most of the values 
are high at ten, with small peaks at values of one and two 
(Figs. 1a-b).

Status of specimens: We obtained a value of 9.49 out of 
ten for status of specimen (Fig. 1b), a result that indicates 
that the preservation of beetle specimens in the collection 
is high. In a study that analyzed the status of specimens in 
a Colombian collection of dung beetles, the results were 
excellent: all the specimens where in perfect condition 
(Martínez and Medina 2017). One reason why the preser-
vation in both collections is quite high could be related 
to the presence of a robust exoskeleton in the specimens 
of Coleoptera that brings protection and support in their 
handling in collections (Lease and Wolf 2010, Reeves et 
al. 2021).

Status of trays: The average curation level of specimens 
per tray was 9.41 out of 10 (Fig. 1c). There is a clear diffe-
rence between the distribution of curation level values at 
the specimen and tray levels. At the tray level, the distribu-
tion thickens at the higher level, with most of the average 
values ranging from eight to ten, and the peaks at lower va-
lues reduced got fewer observations (Fig. 1c). This pattern 
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suggests that there are few trays that include mostly dama-
ged specimens, and the trays with mostly well-preserved 
specimens buffer the low values of damaged specimens.

Status of drawers: The obtained value is also very high, 
9.48 out of ten (Fig. 1d), and the pattern of the distribution 
of values of curation levels is quite different to the distribu-
tion of the statuses of specimens and trays. All the values 
at the drawers’ level range only between nine and almost 
ten, which indicates that all drawers mostly contain well 
preserved specimens. The buffer effect that produces the-
se high curation level values is most striking in this case. 
From a collection management perspective, this pattern is 
a good indication that the presence of specimens in poor 
conditions is restricted to random places in different trays 
and drawers. This indicates that the management of sto-
rage units (i.e., trays and drawers) is adequate and is not 
promoting further damage of the specimens. If the cura-
tion level values at the level of several trays and drawers 
would be low, it may indicate that the poor management 
of these containers is happening. 

Taxonomic representativeness: The ICCDRS conta-
ins 9201 pinned specimens of beetles grouped in 273 spe-
cies, which is more than half (64.69%) of the 422 species 
reported for Galápagos (Peck c2017). There are 248 gene-
ra reported for the Galápagos, the ICCDRS harbors 184 
(74%); the most represented genera in the collection are: 
Blapstinus Sturm, 1826, Ammophorus Guérin, 1831, Hy-
pothenemus Westwood, 1836 of the family Tenebrionidae, 
Galapaganus Lanteri, 1992 and, Stomion Waterhouse, 
1845 of the family Curculionidae. 

The California Academy of Sciences (CAS) is an appropria-
te collection to compare with the ICCDRS holdings because 
of the large expeditions that were conducted during the XX 
century, including the Galápagos International Scientific 
Project of 1964, which served to enormously increase our 
understanding of the insect diversity of the islands (Linsley 
and Usinger 1966, Peck 2006). The CAS has representati-
ves of 57% of the beetle species reported for the Galápagos 
and contains the following six species that are not represen-
ted in the ICCDRS holdings: Chrysobothris williamsi Van 
Dyke, 1953, Cryptorama joannae Español, 1976, Endeius 

Figure 1. Curation levels and status of specimens of the order Coleoptera at the ICCDRS. a) Number of specimens assigned to each curation level; Y 
axis and size of bars were ln transformed to control the high values that affect the visualization of the data in the graphic. b) Violin plot of the distri-
bution of curation levels of specimens, in the box are the sample size and the metric status of specimen. c) Violin plot of the distribution of average 
curation levels of specimens by trays, in the box are the sample size and metric status of trays. d) Violin plot of the distribution of average curation 
levels of specimens by drawers, in the box are the sample size and metric status of drawers.
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multipunctatus Coiffait, 1981, Minthea rugicollis (Walker, 
1858), Nesoeme kuscheli  Linsley and Chemsak, 1966, 
Rhantus galapagoensis  Peck and Balke, 1993 (Monarch 
c2022). In contrast, the ICCDRS has 74 species that are not 
represented in the CAS, belonging to 48 genera (Table 2).

Several of the species represented in the ICCDRS collec-
tion are rare, for example, the 31% of the species is re-
presented by less than ten individuals. Furthermore, the 
species Blennidus insularis (Boheman, 1858), Blennidus 
blairi (Van Dyke, 1953), Blennidus waterhousei (Van 
Dyke, 1953), Laemophloeus suturalis Reitter, 1876, Sco-
paeus galapagosus Coiffait, 1981, Ablechrus flavipes Wa-
terhouse, 1877 and Placonotus politissimus (Wollaston, 
1867) are represented by only one specimen each. These 
species represented by singletons were collected mostly in 
the 80’s: B. insularis collected in 1986 at Volcán Sierra Ne-
gra in Isabela Island, B. blairi in 1987 in Santiago Island, 
B. waterhousei in 1987 in Isla Gardner, L. suturalis with 
no collection date in Santa Cruz Island, S. galapagosus in 
1992 in Pinta Island, A. flavipes in 2001 at Volcán Alce-
do in Isabela Island, and P. politissimus in 2006 in Santa 
Cruz Island

Status of taxonomic identification at the species 
level: The ICCDRS shows a high level of identification of 
its material. 83% of its specimens are identified to species, 
10.35% are identified only to genus, and the remaining 
6.65% are considered indetermined. The species with the 
higher abundances are Blapstinus pubescens (Waterhou-
se, 1845) with 335 individuals, Stomion linelli Blair, 1933 
with 241, Oosternum costatum (LeConte, 1853) with 237, 
Hypasclera collenetti Blair, 1928 with 168 y Ammophorus 
obscurus (Waterhouse, 1845) with 164. 

Status of taxonomic identification at the genus le-
vel: The specimens identified only to genus were grouped 
in 37 genera, being the most represented: Ataenius with 
212, Mordellistena Costa, 1854 with 109, Hypothenemus 
Westwood, 1834 with 89 and Stelidota Erichson, 1843 
with 41. Two entomological collections in Colombia have 
reported that only 40.6% of their analyzed specimens have 
been identified to the species level (Martínez and Medina 
2017, Forero et al. 2019). This contrast greatly with the 
83% of the ICCDRS; it seems that the focus in taxonomic 
research and the low diversity, albeit the high endemism, 
of the Galápagos Islands may have helped to reach this 
high percentage of identified specimens.

Status of missing catalog numbers: 1388 specimens 
(15.09%) do not have catalog numbers. This value is lower 
that the reported for a Colombian collection where 30.6% 
of the individuals did not have catalog numbers (Martínez 
and Medina 2017). The families at the ICCDRS with grea-
ter number of specimens with missing catalog numbers 
were: Staphylinidae with 230 individuals, Scarabaeidae 
with 197 and Hydrophilidae with 137.

Information status of complete specimens: Among the 
specimens of curatorial level ten, only 125 specimens (1.45%) 
do not have labels of geographic location. This low number 
of missing geographic data facilitates an exercise to pinpoint 
the missing information in labels cross-referencing different 
data sources such as field notes, personal communications, 
and data of other specimens collected by the same collectors.

Type specimen holdings: While conducting this eva-
luation of the curation status of the ICCDRS, we located 17 
type specimens, holotypes and paratypes, of Coleoptera: five 
Ataenius cristobalensis Cook & Peck, 2000 and three Atae-

Table 1. Curation levels, and their respective values, used to calculate the status of specimens of the order Coleoptera in the ICCDRS. 

Value Curation Levels

0 Absence or destruction of specimen: Lacking two or more structures that are important for taxonomical identification (e.g., 
head and thorax)

1 Mutilation: absence of one structure that is important for its taxonomical identification (e.g., head, thorax, or abdomen)
2 Mutilation with preservation of mutilated structures in plastic capsule or point mounted 

4 Damage: absence of structures that do not hamper taxonomic identification; usually missing duplicated structures such as 
legs, wings, and antennas

6 Poorly mounted: specimens with structures that are not properly mounted 

7 Fungus: fungus that does not damage the specimen, usually only forms a small and thin hypha layer on the specimens; and 
rusting pins: rust produced by pins, may be corrosive to the specimen

10 Specimen in excellent condition
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Table 2. Species of Galápagos that are present in the ICCDRS collection but not reported at the CAS collection.

Species Authors
Acalymma limbata (Waterhouse, 1877)

Aegomorphus galapagoensis galapagoensis (Linell, 1898)
Acanthoscelides manleyi Johnson, 1990

Acanthoscelides rossi Kingsolver & Rivera-Costa, 2001
Acrotona pseudoclaudiensis  (Klimaszewski & Peck, 1998)

Acrotrichis discolouroides Johnson, 1969
Ammophorus cooksoni Waterhouse, 1877
Ammophorus insularis (Boheman, 1858)

Ammophorus laevis Van Dyke, 1953
Araecerus fasciculatus (De Geer, 1775)

Ataenius floreanae Cook & Peck, 2000
Belonuchus rufipennis (Fabricius, 1801)

Bembidion galapagoensis (Waterhouse, 1845)
Blapstinus apicalis (Van Dyke, 1953)

Blapstinus barrigtoni (Van Dyke, 1953)
Blapstinus blairi (Van Dyke, 1953)

Blapstinus caudatus (Van Dyke, 1953)
Blapstinus costatus (Waterhouse, 1845)

Blapstinus culpepperi (Van Dyke, 1953)
Blapstinus darwini Aalbu & Triplehorn, 1991

Blapstinus desenderi Schatz, 1994
Blapstinus galapagoensis (Waterhouse, 1845)

Blapstinus morio (Boheman, 1858)
Blapstinus spatulus (Van Dyke, 1953)
Blapstinus uniformis (Van Dyke, 1953)
Blapstinus wenmani (Van Dyke, 1953)
Blapstinus williamsi (Van Dyke, 1953)

Bythinoplectus peregrinus peregrinus Schuster & Grigarick, 1966
Caccodes oceaniae (Bourgeois, 1884)
Calleida migratoria Casale, 2002
Carpelimus aequalis (Jacquelin-Duval, 1857)

Cis creberrimus Mellié, 1849
Conoderus galapagoensis Van Dyke, 1953
Coproporus galapagosus Coiffait, 1981
Cryptolestes klapperichi Lefkovitch, 1962

Cybocephalus serrativentris (Waterhouse, 1877)
Dipropus puberulus (Boheman, 1858)

Espeson franzi Coiffait, 1981
Eubulus pilipectus Champion, 1906
Euspilotus nigritus (Blanchard, 1842)

Galapaganus conwayensis (Mutchler, 1938)
Galapaganus howdenae Lanteri, 1992
Galapaganus williamsi (Van Dyke, 1953)
Holoparamecus franzi Rücker, 1985

(Continúa)
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nius floreanae Cook & Peck, 2000, both species belonging to 
the family Scarabaeidae; the remaining nine specimens are 
Acrotona pseudoclaudiensis (Klimaszewski & Peck, 1998) of 
the family Staphylinidae. These specimens after been loca-
ted were transferred to a designated type of cabinet. These 
type specimens were collected between 1989 and 1996 in the 
islands San Cristóbal, Floreana, Santa Cruz and Isabela (Kli-
maszewski and Peck 1998, Cook and Peck 2000). 

Implications of the collection status measure-
ments in the management of the collection: The 
metrics reported above indicate that the ICCDRS beetle co-
llection has been properly managed. This work is compara-
ble to the study published by Milán et al. (2010) in a Cuban 
collection. Both beetle collections have important holdings 

Species Authors
Hypasclera seymourensis Mutchler, 1925

Lispinus sulcicollis (Coiffait, 1981)
Lissohypnus pecki Bordoni, 2004

Lithocharis ochracea (Gravenhorst, 1802)
Megacerus minusculus (Pic, 1934)

Metophthalmus nodosus Rücker, 1984
Nacaeus galapagosus (Coiffait, 1981)
Nesaecrepida darwini (Mutchler, 1925)

Olla hageni Vandenberg, 1992
Olla lacrimosa Vandenberg, 2004

Paraneda pallidula (Mulsant, 1850)
Paroxacis galapagoensis (Linell, 1898)

Pentagonica flavipes flavipes (LeConte, 1853)
Philonthus pauxillus Solsky, 1868

Piestus minutus Erichson, 1840
Pitnus galapagoensis galapagoensis (Franz, 1985)

Pitnus pintae pintae (Franz, 1985)
Platypus linearis Stephens, 1832

Platypus santacruzensis Mutchler, 1925
Pseudopentarthrum cunicollis (Van Dyke, 1953)

Pseudopentarthrum towerensis (Mutchler, 1925)
Blennidus calathoides (Waterhouse, 1845)

Blennidus duncani (Van Dyke, 1953)
Blennidus insularis (Boheman, 1858)

Blennidus mutchleri (Van Dyke, 1953)
Blennidus waterhousei (Van Dyke, 1953)
Scopaeus galapagosus Coiffait, 1981
Stomion punctipennis Van Dyke, 1953

Trigonodera lineata (Champion, 1891)
Trogossita galapagoensis (Mutchler, 1938)

starting in the XX century, 1963 and 1928 respectively, 
both have been kept well preserved with adequate cura-
torial techniques, and the accessibility to the collection by 
specialist and researchers has ensured high levels of iden-
tification. The favorable curatorial results in the collection 
are related to following good standard practices such as: 
using high quality pins, the labels printed in acid-free pa-
per, trays with pads of reticulated polyethylene, controls of 
humidity, temperature, and permanent plague monitoring 
(Simmons and Muñoz-Saba 2005, Nishida 2009).

Collection evaluations are useful to amend mistakes and im-
prove methodologies that will allow a better management of 
the collection ( McGinley 1993, Favret et al. 2007, Cárdenas 
and Delgadillo 2019, Castaño and Ramírez-Chaves 2018). 

acost
Nota adhesiva
No aparece en azul pero está en las referencias
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After this evaluation of the ICCDRS, the following areas of 
improvement become evident: 1) Increase in the taxonomic 
representation, assignment of catalog numbers to all speci-
mens, and improve labelling of specimens. 2) To conduct 
these improvements the ICCDRS requires more economic 
and human resources. 3) Establish collaboration networks 
with both collection managers and scientists. 4) To process 
stored mixed material. 5) To implement efficient protocols to 
catalog specimens allowing efficient crosscheck between the 
information in the database and labels. 6) To improve the 
data collection and data entry to avoid missing data from the 
field (Serna-Botero and Ramírez-Castaño 2017). All these 
proposed measures are needed to improve the management 
of the ICCDRS collection given its importance as a source of 
information that can be used to the advancement of science 
and the preservation of ecosystems of the Galápagos.
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