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Introduction
The museum of biological collection (MBC) is the keystone for 

biodiversity research and a sustainable supply of scientific data. 
MBCs are well-identified, categorised, and systematised repository of 
biological specimens.1–3 The majority of these repositories are housed 
at natural history or science museums, but they can also be found in 
universities, research institutes, or even private collections either in 
parts or whole specimens. There are many well-established prominent 
museums, such as the Natural History Museum in London, American 
Museum of Natural History in New York City, and the Museum of 
Zoology located in the Department of Biology, Faculty of Science, 
Universiti Putra Malaysia.

According to Suarez and Tsutsui,4 several museums house 
exceptional biological collections which include preserved whole 
organisms, DNA libraries and/or cell lines. These MBCs significantly 
contribute to science and society in various sectors, including national 
security, public health and safety, environmental change monitoring, 
taxonomy, systematics, ecology, and evolutionary biology. The value 
of MBCs in the sectors mentioned above has been well documented. In 
Japan, museum specimens had been utilised for maritime education.5 

Nowadays, new and innovative applications of MBCs are continually 
expanding the impact of natural history collections on biodiversity 
science and global sustainability.6 Furthermore, these collections have 
been critical in domains at the cutting edge of biology, such as the 
study of biodiversity and its loss, biological invasions, and global 
climate change.5 Nakahama3 recommends genetic analysis methods 
are the key factors for using MBCs for future conservation genetics 
investigations.

This note focuses on environmental research due to many such 
studies related to the use of MBCs. Schmitt et al.6 emphasised the 
importance of avian, mammalian, and amphibian specimens in 
the Anthropocene record and presented examples of why MBC is 
necessary. The classic study by Berg et al.7 determined the quantities 

of accumulated mercury in conserved bird specimens at the Swedish 
Museum of Natural History during the 1940s and 1950s. They 
concluded that the increased mercury levels were most likely due 
to increased anthropogenic activity. Similarly, based on a specimen 
of eggs from MBCs, the chlorinated hydrocarbons in DDT were 
linked to the declining population of bird species in the 1960s. 
Researchers8,9 collected data on eggshell thickness over time and 
reported a significant drop in shell thickness when DDT use in the 
fields increased extensively. 

Another prominent study by Hayes et al.10 used MBC to show that 
sexual abnormality in natural frogs and found increased cases after the 
herbicide atrazine was widely employed. By examining the museum 
specimens of tuna and swordfish, scientists recently discovered that 
hazardous chemicals such as mercury did not accumulate in all 
oceanic species.11 

This communication note aims to provide an overview of selected 
studies on the use of MBC to compare environmental pollutants 
between the past and the current specimens. 

Environmental contamination

There is relatively limited research published in the literature 
(based on Scopus database searched on 22 April 2022 with keywords 
‘Museum specimen pollution or contamination’) utilizing MBCs to 
assess the magnitude and patterns of environmental contamination. 
The estimation of contamination levels in specimens is typically 
conducted by comparing historical specimens with current collections 
(Figure 1). For instance, by using museum specimens of Lophuromys 
aquilus, a mouse species complex found across the African Albertine 
Rift, Askay et al.12 investigated fluctuating asymmetry (FA) and 
body condition (BC) as two markers of environmental stress. They 
suggested that groups with greater than average BC lived in more 
anthropogenically impacted locations. In general, they found that FA 
and BC were ineffective indicators of environmental stress in low to 
moderate habitat disturbance situations.

MOJ Eco Environ Sci. 2022;7(2):53‒55. 53
©2022 Yap et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and build upon your work non-commercially.

The role of museum of biological collections in 
environmental research: a short note

Volume 7 Issue 2 - 2022

Chee Kong Yap, Rusea Go, Japar Sidik Bujang, 
Wan Mohd Syazwan, Noor Azrizal-Wahid, 
Mohammad Noor Amal Azmai, Geetha 
Annavi, Rosimah Nulit, Mohd Hafiz Ibrahim, 
Hishamuddin Omar, Muskhazli Mustafa, Nor 
Azwady Abd Aziz
Department of Biology, Faculty of Science, Universiti Putra 
Malaysia, Malaysia

Correspondence: Chee Kong Yap, Department of Biology, 
Faculty of Science, Universiti Putra Malaysia, 43400 UPM 
Serdang, Selangor, Malaysia, Email  

Received: April 09, 2022 | Published: April 25, 2022

Abstract

This paper summarizes the use of museum of biological collection (MBC) in comparison 
of chemical contaminants between the past and the present specimens. It is inferred that 
MBC provides a unique and crucial insight into the spatio-temporal trend of environmental 
contamination by establishing a historical reference point. 
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Figure 1 A conceptual model of comparison of specimens of the past, current 
and future in Understanding environmental contamination by establishing a 
historical reference point. 

The use of specimens in documenting the effects of environmental 
change is an excellent example of their critical importance, which is 
especially relevant given the alarming rate at which we are currently 
altering our planet in the Anthropocene.6 In their contamination 
investigations, Rocque and Winker13 utilised avian specimens. DuBaya 
and Fuldnerc,14 for example, employed photometric reflectance data 
from almost 1,300 bird species from natural history museums. By 
using this data, they discovered the relative ambient concentrations 
of atmospheric black carbon in the US Manufacturing Belt, an area 
traditionally reliant on coal and densely populated with industry, 
between 1880 and 2015.

In the marine environment, microplastic fibres are common 
pollutants. Their presence was recently discovered in the MBC of 
sponges gathered almost 20years ago15 Microplastics were present 
in more than half of the tested samples, allowing for establishing 
a historical reference point.15 Studying microplastic in historical 
collections of organisms is critical for establishing reference points 
and constructing temporal trends, especially given the paucity of 
research prior to 1980. The approach of examining animals kept in 
natural history museums to search for reference points or historical 
baselines could be expanded to other contaminants such as heavy 
metals and radionuclides. 

Lang et al.1 published one of the most extensive reviews on 
the subject. They emphasised the relevance of herbaria, which can 
provide information on the long-term consequences of at least four of 
the primary drivers of global change, including pollution, on plants. 
They also discussed how herbarium specimens were employed in 
global change studies and other fields. Herbarium specimens maintain 
the time cycles of many of their reactions to environmental change, 
providing unique spatio-temporal data for investigating global 
change.2

Molluscs shells provide an excellent research subject in the spatio-
temporal trends assessment of environmental contaminants. Recently, 
there has been an increase in number of experiments utilising molluscs 
shells for metal pollution biomonitoring, comparing current metal 
bioaccumulation in molluscs shells with prior history. Compared to 
the use of soft tissues, the shell of molluscs provides a more reliable 
and practical biomonitoring material for reconstructing pollution 
history.16–20 A freshly collected molluscs shells can be conveniently 
stored without being kept in a freezer, while the shells of past 
records are typically common in museum collections – this allows 
for the practical establishment and construction of contamination 
history. However, cautious should be taken into consideration with 
the possibility of contamination during preservation of museum 
collections.21

Concluding remarks 
Based on the above review, it is clearly shown that the MBCs 

provide unique and crucial insights into the spatial-temporal trends 
of environmental contamination. By assessing MBCs, researchers can 
estimate past pollution levels by providing a historical reference point. 
We have reasons to believe that the MBCs can be used to understand 
the environmental monitoring of emerging hazardous pollutants in the 
environment between the past and the current specimens.

Acknowledgments
None.

Funding 

None.

Conflicts of interest 
Authors declare that there is no conflict of interest.

References
1. Lang PLM, Willems FM, Scheepens JF, et al. Using herbaria to study 

global environmental change. New Phytologist. 2019;221:110–122.

2. Meineke EK, Davis CC, Davies TJ. The unrealized potential of herbaria 
for global change biology. Ecol Monogr. 2018.

3. Nakahama N. Museum specimens: An overlooked and valuable material 
for conservation genetics. Ecol Res. 2021;36:13–23.

4. Suarez AV, Tsutsui ND. The value of museum collections for research and 
society. Bio Sci.2004;54(1):66–74.

5. Omura A. The use of museum specimens for marine education. 
Pedagogical Res. 2019;4(3):em0035.

6. Schmitt CJ, Cook JA, Zamudio KR, et al. Museum specimens of 
terrestrial vertebrates are sensitive indicators of environmental change in 
the Anthropocene. Phil Trans R Soc. 2018;374:20170387.

7. Berg W, Johnels A, Sjostrand B, et al. Mercury contamination in feathers 
of Swedish birds from the past 100 years. Oikos. 1966;17:71–83.

8. Ratcliffe DA. Decrease in eggshell weight in certain birds of prey. Nature. 
1967;215:208–210.

9. Hickey JJ, Anderson DW. Chlorinated hydrocarbons and eggshell changes 
in raptorial and fish-eating birds. Science. 1968;162:271–273.

10. Hayes T, Haston K, Tsui M, et al. Herbicides: Feminization of male frogs 
in the wild. Nature. 2002;419:895–896.

11. Miller GE, Grant PM, Kishnore R, et al. Mercury concentrations in 
museum specimens of tuna and swordfish. Science. 1972;175:1121–1122.

12. Askay MA, Kostelnick JC, Kerbis Peterhans JC, et al. Environmental 
stress as an indicator of anthropogenic impact across the African 
Albertine Rift: A case study using museum specimens. Biodiver Conser. 
2014;23(9):2221–2237.

13. Rocque DA, Winker K. Use of bird collections in contaminant and stable-
isotope studies. The Auk. 2005;122(3):990–994. 

14. DuBaya SG, Fuldnerc CC. Bird specimens track 135 years of atmospheric 
black carbon and environmental policy. PNAS. 2017;114(43):11321–
11326. 

15. Modica L, Lanuza P, García-Castrillo G. Surrounded by microplastic, 
since when? Testing the feasibility of exploring past levels of plastic 
microfibre pollution using natural history museum collections. Mar Poll 
Bull. 2020;151:110846.

https://doi.org/10.15406/mojes.2022.07.00247
https://pubmed.ncbi.nlm.nih.gov/30160314/
https://pubmed.ncbi.nlm.nih.gov/30160314/
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecm.1307
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecm.1307
https://esj-journals.onlinelibrary.wiley.com/doi/10.1111/1440-1703.12181
https://esj-journals.onlinelibrary.wiley.com/doi/10.1111/1440-1703.12181
https://academic.oup.com/bioscience/article/54/1/66/234633
https://academic.oup.com/bioscience/article/54/1/66/234633
https://files.eric.ed.gov/fulltext/EJ1244155.pdf
https://files.eric.ed.gov/fulltext/EJ1244155.pdf
https://pubmed.ncbi.nlm.nih.gov/30455205/
https://pubmed.ncbi.nlm.nih.gov/30455205/
https://pubmed.ncbi.nlm.nih.gov/30455205/
https://www.nature.com/articles/215208a0
https://www.nature.com/articles/215208a0
https://pubmed.ncbi.nlm.nih.gov/4877438/
https://pubmed.ncbi.nlm.nih.gov/4877438/
https://pubmed.ncbi.nlm.nih.gov/12410298/
https://pubmed.ncbi.nlm.nih.gov/12410298/
https://pubmed.ncbi.nlm.nih.gov/5060046/
https://pubmed.ncbi.nlm.nih.gov/5060046/
https://www.springerprofessional.de/en/environmental-stress-as-an-indicator-of-anthropogenic-impact-acr/5389626
https://www.springerprofessional.de/en/environmental-stress-as-an-indicator-of-anthropogenic-impact-acr/5389626
https://www.springerprofessional.de/en/environmental-stress-as-an-indicator-of-anthropogenic-impact-acr/5389626
https://www.springerprofessional.de/en/environmental-stress-as-an-indicator-of-anthropogenic-impact-acr/5389626
https://academic.oup.com/auk/article/122/3/990/5562426
https://academic.oup.com/auk/article/122/3/990/5562426
https://www.pnas.org/doi/10.1073/pnas.1710239114
https://www.pnas.org/doi/10.1073/pnas.1710239114
https://www.pnas.org/doi/10.1073/pnas.1710239114
https://www.sciencedirect.com/science/article/abs/pii/S0025326X19310021
https://www.sciencedirect.com/science/article/abs/pii/S0025326X19310021
https://www.sciencedirect.com/science/article/abs/pii/S0025326X19310021
https://www.sciencedirect.com/science/article/abs/pii/S0025326X19310021


The role of museum of biological collections in environmental research: a short note 55
Copyright:

©2022 Yap et al. 

Citation: Yap CK, Go R, Bujang JS, et al. The role of museum of biological collections in environmental research: a short note. MOJ Eco Environ Sci. 
2022;7(2):53‒55. DOI: 10.15406/mojes.2022.07.00247

16. Puente X, Villares R, Carral E, et al. Nacreous shell of Mytilus 
galloprovincialis as a biomonitor of heavy metal pollution in Galiza (NW 
Spain). Sci Total Environ. 1996;183:205–211.

17. Carell B, Forberg S, Grundelius E, et al. Can mussel shells reveal 
environmental history? Ambio. 1987;16:2–10.

18. Yap CK, Ismail A, Tan SG, et al. Can the shell of the green-lipped mussel 
Perna viridis from the west coast of Peninsular Malaysia be a potential 
biomonitoring material for Cd, Pb and Zn? Estuar Coast Shelf Sci. 
2003;57(4):623–630.  

19. Yap CK, Sharifinia M, Cheng WH, et al. A commentary on the use of 
bivalve mollusks in monitoring metal pollution levels. Int J Environ Res 
Public Health. 2021;18(7):3386.

20. Yap CK, Tan WS, Saupi Ismail M, et al. Shells of intertidal mudflat snails: 
A promising biomonitoring materials of nickel pollution. Environ Protect 
Res. 2022.

21. Scholz M, Pusch CM. Contamination through preparation: risk of 
molecular genetic studies by using biological preservatives for museum 
collections. Anthropologischer Anzeiger; Bericht über die biologisch-
anthropologische Literatur. 2000;58(3):225–235.

https://doi.org/10.15406/mojes.2022.07.00247
https://www.sciencedirect.com/science/article/abs/pii/0048969796050668
https://www.sciencedirect.com/science/article/abs/pii/0048969796050668
https://www.sciencedirect.com/science/article/abs/pii/0048969796050668
https://www.jstor.org/stable/4313311
https://www.jstor.org/stable/4313311
https://www.sciencedirect.com/science/article/abs/pii/S0272771402004018
https://www.sciencedirect.com/science/article/abs/pii/S0272771402004018
https://www.sciencedirect.com/science/article/abs/pii/S0272771402004018
https://www.sciencedirect.com/science/article/abs/pii/S0272771402004018
https://www.mdpi.com/1660-4601/18/7/3386
https://www.mdpi.com/1660-4601/18/7/3386
https://www.mdpi.com/1660-4601/18/7/3386

	Title
	Abstract
	Keywords
	Introduction
	Environmental contamination 

	Concluding remarks  
	Acknowledgments
	Funding
	Conflicts of interest  
	References
	Figure 1

