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Abstract & keywords

Specimens preserved in alcohol require ongoing monitoring to prevent deterioration, as the
preservative is inherently unstable and susceptible to evaporation and concentration changes.
The Natural History Museum, London, holds a collection of true flies (order Diptera) comprising
2,596 jars of alcohol-preserved material. Between April 2024 and January 2025, this collection
was systematically surveyed to evaluate container performance in maintaining preservative
integrity. Sufficient data were collected to compare three jar types: jam jars with metal screw-on
lids, jars with glass lids and wire bail clip closures, and jars with ground glass stoppers. A
composite comparison of performance, giving equal weight to the following indicators, seized
lids, preservative loss, component failure, satisfactory preservation (full jars with 70-80%
alcohol concentration), and unit cost. Jam jars with metal screw-on lids demonstrated the
highest overall performance. Jars with ground glass stoppers, although traditionally considered
the gold standard, showed high rates of lid seizure and substantially greater cost. Jars with wire
bail clip tops performed least effectively, exhibiting poor control of alcohol evaporation. These
findings provide evidence-based guidance for selecting cost-effective and durable containers
for alcohol-preserved collections.

Keywords: alcohol preservation, evaporation control, container performance, preventive
conservation, collection management.

Introduction

Problems with achieving an effective seal on wet collection specimen containers have existed
for as long as natural history specimens preserved in fluids—approximately 300 years in the
case of the collections at the Natural History Museum, London (NHMUK). The fundamental
challenge is that the preservative fluid inside these containers is not inherently stable: it can
evaporate or change in composition over time. The primary means of preventing such changes
is to achieve the best possible seal on the container lid. A perfect seal, however, is rarely
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attainable, especially when containers must be opened periodically for specimen examination.
Over the centuries, numerous container designs have been used, and most large natural history
collections now contain a mixture of types, each with its own advantages and disadvantages
regarding sealing performance and ease of access.

The present study focuses on the NHMUK collection of true flies (Class Insecta, Order Diptera),
which comprises approximately 2,600 jars containing adult and larval Diptera preserved in
alcohol. The collection was surveyed between April 2024 and January 2025, and data relating to
container performance were recorded for each jar. Most Diptera, like insects in general, are
small-bodied and must be removed from their containers and examined under a microscope for
study. Consequently, the containers in this collection are repeatedly opened and re-sealed,
increasing the likelihood of fluid loss and compositional change.

Effective specimen preservation and the maintenance of antiseptic conditions in alcohol-
preserved wet collections rely on maintaining the preservative fluid at 70-80% alcohol (typically
ethanol or industrial denatured alcohol), with the remainder being water (Neumann et al. 2022;
Simmons 2014). In such mixtures, selective evaporation occurs, as the components evaporate
at different rates depending on their volatility, leading to gradual changes in fluid composition.
Evaporation from a binary water-alcohol mixture in a closed container is regarded by chemists
as an unsteady and complex process, influenced by multiple internal factors as well as external
variables such as temperature and relative humidity (RH) in the storage environment. The
quality of the container’s seal is a major determinant of this process.

Comprehensive best-practice guidance for the care of wet collections is available (e.g.
Neumann et al. 2022; Simmons 2014) and should be consulted by anyone responsible for such
collections. Both works include comparative assessments of the performance of different jar
types for wet collections, synthesising the authors’ extensive experience alongside the available
published literature. However, there remains a notable lack of large-scale quantitative datasets
looking at container performance. Current guidance on container choice is therefore based
primarily on qualitative information. The present work represents an important step toward
addressing this gap by providing quantitative data on container performance in one of the
world’s largest Diptera wet collections.

Given that staff time for the care and maintenance of wet collections is a valuable resource,
another aim of this study is to assess whether the current maintenance schedule for the
NHMUK Diptera collection is sufficient and to provide a quantitative evidence base for future
collection management practices.

Materials and Methods

Collection history, format, and housing conditions

Since 2005, the Diptera spirit collection has been housed in the purpose-built wet collections
store of the Darwin Centre 1 building at the NHMUK South Kensington site. Air temperature is
maintained between 13-16 °C and relative humidity (RH) between 40-65%, based on the
monitoring data for 2024. The store is designed to maintain a high rate of air exchange to prevent
the accumulation of harmful or flammable vapours.
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Due to the small body size of most Diptera, multiple specimens and taxa can be housed
together in a single storage jar, with each taxon contained in a separate glass tube within the jar
(Fig. 1). Flies of the same taxon are placed together in a glass tube, which is filled to the brim
with 80% industrial denatured alcohol (IDA). Data labels are inserted, and the tube is then
sealed with a plug of saturated cotton wool, taking care to exclude air bubbles. The plugged
tubes are placed inverted within a pre-filled storage jar, and any unoccupied space is filled with
additional saturated cotton wool to hold the tubes securely and prevent toppling.
Supplementary labels are added to identify the taxa contained within each jar. The jars are then
filled with the same preservative fluid to approximately 1 cm below the brim and sealed with a
tightly fitting lid. Individual jars are placed into plastic trays, each holding 8-12 jars depending
on jar type, and the trays are stored on shelves within metal cabinets. Exceptions to this format
include jars containing unidentified or partially catalogued specimens and unincorporated
donations; these non-standard collections were excluded from the analyses presented here.

The oldest specimens in the collection date from around 1900, and new material is added
annually. The period of most rapid growth occurred during the latter half of the 20th century.
Over time, several different types of storage containers have been incorporated into the
collection. The most common are glass-lidded jars with wire bail clip closures (n = 340; 13%)
(Fig. 1 A), borosilicate glass jars with ground-glass stoppers (n = 335; 13%) (Fig. 1 B), and
commercial jam jars with partial threads and quarter-turn lug finish “twist off” metal lids (n =
1,801; 70%) (Fig. 1 C). The remaining 4% (n = 120) comprise a heterogeneous mix of other
container types acquired through donation from other institutions and individuals.

Jar size varies very little across the collection. All the jam jars are 250mls capacity, and all the

ground glass stopper jars are approximately 11cm heigh and 8 cm wide. Only the wire bail clip
top jars are a mixture, with 50 large 750mls jars, 23 medium 350mls jars, and the rest (n = 267)
small 200mls jars.

Figure 1

Figure 1 legend

Typical jars from the NHMUK Diptera spirit collection; A jar with glass lid and wire-bail clip
closure, B borosilicate glass jar with ground glass lid, C jam jar with metal screw lid.
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Maintenance schedule

Current curatorial practice involves examining the collection every two years, topping up any
jars that have lost preservative with 80% IDA. For jars where a substantial volume has been lost,
the remaining preservative is discarded and replaced with fresh 80% IDA. Provided that the
tubes within a jar remain full, they are not disturbed. For jam jars, the metallid is replaced if it is
showing signs of corrosion, or there has been significant loss of preservative from the jar. For
wire bail clip-top jars, gaskets are checked for deterioration and replaced as necessary. For jars
with ground-glass lids, the seal can be improved with a thin smear of petroleum jelly, which is
replenished as required.

Two procedures are followed for failed jars—those in which all preservative has evaporated from
the unoccupied space inside the jar and air has entered the specimen tubes. If the specimens
are visibly still wet, the tubes are opened, refilled with 80% alcohol, and the jar refilled and re-
sealed. If the specimens appear dry, the jar is left in its dry state: any packing cotton wool is
replaced with dry cotton wool, and a note reading “found dry on [day/month/year]” is inserted
into the jar.

The target range for alcohol concentration in the collection is 70-80%. Prior to this survey,
alcohol concentrations in the collection were last checked in 2013.

As part of the maintenance process, each plastic tray holding jars is labelled to record the date
of inspection (month/year) and the curator’s initials.

Study data collection

Between April 2024 and January 2025, every jar in the Diptera spirit collection was examined,
and the following data were recorded:

1. Inspection details: date of inspection and jar unique identifiers (UIDs) from the
Collection Management System (CMS).

2. Container type: classified as ground-glass, jam, wire bail clip-top, or other.

3. Alcohol concentration on examination: measured as percentage alcohol by volume
(% ALC/V).

4. Volume of preservative fluid: estimated as a percentage of jar capacity, recorded in
10% intervals from empty (0%) to full (100%; fluid level approximately 1 cm below the jar
brim).

5. Final alcohol concentration after topping up: where necessary, 100% ethanol was
used to raise concentrations below 70%. If the preservative measured below 60%
alcohol, it was discarded and replaced with fresh 80% alcohol.

6. Condition notes: including observations such as “dry jar” “failed lid” “failed gasket” “jar
could not be opened”.

Alcohol concentrations were measured using an Anton Paar DMA 35N handheld digital alcohol
density meter, which samples fluid directly from the container via a built-in pump and provides
a near-instant reading (Paar 2000) http://www.anton-paar.com. Measurements were taken
using the “% ALC/V” setting, which reports the equivalent ethanol-water concentration (% v/v)
at 20 °C, derived from density at the measuring temperature for a binary water-ethanol mixture.



— ARPHAPreprints Author-formatted, not peer-reviewed document posted on 15/12/2025 DOI: https://doi.org/10.3897/arphapreprints.e182386

The Diptera spirit collection at NHMUK has no history of the use of humectants, fixatives, or
buffers. It was therefore considered safe to assume that such additives were absent. To avoid
the UK government duty levied on beverage alcohol the NHMUK purchases 80% IDA alcohol in
bulk for use in the wet collections. This is a mix of 20% water, 3-10% Methanol, and 70-77%
Ethanol. We have not attempted to correct the alcohol concentration data to account for the
presence of the Methanol as our goal was to be able to make comparisons across the collection
rather than to obtain accurate measurements.

Limitations of the study design

No data were collected on how long each jar had been in the collection. This represents a key
limitation, as changes in preservative alcohol concentration occur gradually over time. Without
information on jar age, it is not possible to account for the temporal component of fluid loss or
compositional change.

Use of Al

Language and style refinement of this manuscript were assisted by OpenAl’s ChatGPT (GPT-5).
The authors reviewed, edited, and approved all final content, and accept full responsibility for
the integrity and accuracy of the work.

Results
Time required to conduct the survey

Based on inspection records, average working time per session in the collection store, time
spent on data entry, and the number of people involved, the survey required approximately 49
person-days to inspect 2,600 jars. This involved inspecting each jar to record all the data types
(see section on study data collection), any adjustments to the alcohol needed to restore
satisfactory preservation conditions, replacement of any failed components, and curation of
the data for analysis. The 49 person-days equates to just over 8 minutes per jar.

Failure rates of containers and components

A small proportion of jars could not be opened due to seized lids: 15 jars with ground-glass
stoppers (4.5%), 21 jam jars (1.0%), and none (0%) of the wire bail clip-top jars. These jars were
excluded from all subsequent analyses.

In addition, 53 jam jar lids (2.9%) showed internal corrosion and required replacement, while 52
rubber gaskets (15.3%) from wire bail clip-top jars had perished and needed replacement.

Amount of preservative remaining in containers

Jars with wire bail clip-top lids had the highest proportion of dry containers (no preservative
remaining), at 7.1% (n = 24), compared with 5.2% (n = 93) for jam jars and 3.4% (n = 11) for jars
with ground-glass stoppers.

Wire bail clip-top jars also exhibited the highest rate of failing jars (=10% loss of preservative) at
18.8% (n = 64), compared with 5.6% (n = 18) for ground-glass jars and 3.1% (n = 56) for jam jars.



— ARPHAPreprints Author-formatted, not peer-reviewed document posted on 15/12/2025 DOI: https://doi.org/10.3897/arphapreprints.e182386

Alcohol concentration of the preservative

Considering only jars judged to be full at inspection (fluid level approximately 1 cm below the
brim), the mean alcohol concentration was 70.3% in jars with ground-glass stoppers, 70.7% in
jam jars, and 79.0% in wire bail clip-top jars. Figure 2 gives a frequency distribution plot of the
alcohol concentration data for the three different jar types.

Figure 2.
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Figure 2 legend

Frequency distribution plot of the alcohol concentration data (% alc/v) for the NHMUK Diptera
spirit collection. The red box indicates the target range for alcohol concentrations.

Overall preservation conditions

Preservation conditions were defined as satisfactory when the container was full and the
preservative fluid measured =270% alcohol at the time of inspection. Using these criteria, 55.5%
(n=178) of jars with ground-glass stoppers were satisfactory, compared with 73.2% (n = 249) of
wire bail clip-top jars and 74.8% (n = 1,331) of jam jars.

Cost comparison
The unit price in Table 1 for ground glass stoppers jars refers to a 100 x 80 mm borosilicate jar

with bar-grip ground glass stopper bulk-ordered (>1,000 units) from Dixon Science
(https://www.dixonscience.com).

Wire bail clip-closure jars and jam jars are widely available as food storage containers. Their
unit prices (Table 1) are based on mid-range online quotes for bulk orders (=1,000 units). For
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wire bail clip-top jars, the cost of a replacement nitrile rubber gasket (sourced from RH Nuttall
Limited, https://www.rhnuttall.co.uk) was included. Prices exclude UK taxes.

Composite comparison of container performance

Table 1 summarises all the performance metrics described in the results section. Percentage
values presented are the occurrence rates within the collection. For the category satisfactory
preservation, higher scores indicate better performance, whereas for all other categories higher
scores denote poorer performance.

Table 1
[+
Jar Type Ceased lid Failed Dry Failing Satisfactory Cost (unit
lid/gasket (=10% preservation | price)
evaporation)

0% 5.6%

glass
Wire bail
clip top
Jam 1.0%

9£0.47
74.8% 2£0.67

- worst performance, |:| mid-level performance, |:| best performance

Tunit price for a 100 (h) x 80 (d) mm jar including lid; 2unit price for a 250 ml jar including lid;
3 unit price of a replacement food-grade Nitrile rubber gasket.

Table 1 legend

Composite comparison of all storage container performance metrics plus cost for the NHMUK
Diptera spirit collection.

Discussion
Overview of key findings

Across the 2,600 jars examined, clear differences in container performance were observed
among jar types. Jam jars and jars with ground-glass stoppers generally provided the most
reliable seals, whereas jars with wire-bail clip tops showed higher rates of preservative loss and
gasket failure. Although ground-glass jars are widely regarded as the best option (Simmons
2014; Neumann et al. 2022), they performed poorly in several respects: they were by far the
most expensive, had the greatest number of seized lids, displayed the lowest mean alcohol
concentration (70.3%), and had the smallest proportion of jars meeting the threshold for
satisfactory preservation (55.5%). However, these last two measures are likely influenced by the
age of these jars in the collection—many may not have had their alcohol concentrations
adjusted for decades—and therefore may not be fair indicators of their true performance.
Moreover, jars with seized stoppers can usually be opened with care. We recommend that
institutions retain existing ground-glass jars for future use, although purchasing new ones is
rarely feasible due to their prohibitive cost (see Table 1).
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Though the current best practice recommendation at the NHMUK is to replace the gasket on
wire-bail jars for a more durable food-grade nitrile rubber one, replacement gaskets were not
available during the 2022 re-curation of the wire-bail jars in the NHMUK Diptera collection, and
the data presented here is for jars used with the original orange rubber gaskets. To date,
investigations of gasket performance have focused on gasket longevity, and information on the
quality of the seal provided by new gaskets of different materials is lacking. In her survey of
Arachnida wet collections Beccaloni (2016) found that, of the institutions using wire-bail jars,
half used the original orange gaskets, and half replaced the gasket for a more durable
alternative.

Comparison with previous studies and best practice

Our findings differ in several respects from current best-practice guidance for fluid-preserved
collections (Simmons 2014; Neumann et al. 2022). These authors, along with Clark (1993),
emphasise the importance of seal integrity, highlight the problems of gasket failure in wire-bail
jars and corrosion in jam-jar lids, and conclude that ground-glass stopper jars are the optimal
choice. Simmons (2014) presents a table comparable to Figure 1 but covering a broader range of
container types, based on qualitative assessments informed by expert experience rather than
quantitative data. He rates ground-glass jars as excellent, wire-bail jars as good, and jam jars
with metal screw-top lids as poor. Neumann et al. (2022) provide similar ratings, although in
their scheme jam jars and wire-bail jars are both categorised as good—likely influenced by
Warén et al. (2010), who reported excellent long-term performance (25+ years) of jam jars at the
Swedish Museum of Natural History (SMNH) in Stockholm.

Both Simmons (2014) and Neumann et al. (2022) advise against using jam jars with partial
threads and quarter-turn lug-finish “twist-off” lids, recommending jars and lids with continuous-
thread finishes instead. Figure 3 shows the appearance of typical threads and lids in these two
different jar styles. This recommendation is directly contradicted by our findings and by the
experience at the SMNH (Warén et al. 2010), where lug finish twist-off lids have performed well
for decades.

Figure 3.
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Jar thread and lid examples: Left - continuous thread (CT) finish; Right - partial thread quarter-
turn lug finish.

The use of IDA at the NHMUK puts us in the minority, with most institutions preferring to use a
simple binary mixture of Ethanol and water. Beccaloni (2016) surveyed 49 institutions from 36
countries holding wet collections of Arachnida, 93% were using an Ethanol-water mix with the
alcohol at 70-80%. It is possible that the use of IDA will exacerbate the problem of gasket failure
in wire-bail clip closure jars. Beccaloni (2016) gives a useful summary of the available
information on this topic.

The alcohol-concentration patterns in Figure 2 resemble those reported by Pickering (1997) for
the Oxford University Museum of Natural History and by Cato (1990) for the Texas A&M
University collections. Anecdotal information from former NHMUK staff suggests that ground-
glass jars form the oldest part of the collection, jam jars span roughly the 1960s-2000s, and
wire-bail jars have been used primarily in the last two decades. All wire-bail jars underwent a
complete alcohol exchange to fresh 80% alcohol in 2022. If these jar types are treated as age
cohorts—oldest (ground-glass), mid-range (jam), and youngest (wire-bail)—Figure 2 suggests
that alcohol concentrations decline over time and that their frequency distribution becomes
broader and less peaked.

Schiller et al. (2014) also present alcohol-concentration data from the Museum of Natural
History in Vienna, analysing small subsamples (N = 18-65) across different jar types, sizes, and
collection sections. They found no significant differences between jar sizes or between ground-
glass jars and jars with plastic screw-top lids but did find significant differences between
collection sections. Their analysis relied on the Scheirer—-Ray—Hare test, an extension of the
Kruskal-Wallis test designed to allow the calculation of a non-parametric equivalent for a two-
way ANOVA. Because the validity of extending the Kruskal-Wallis test in this way remains
debated (Dytham 2011), caution is warranted when interpreting their p-values. In our case, we
opted against statistical testing: Figure 2 clearly conveys the structure of the dataset, and p-
values would add little given the absence of temporal information on the age of the alcohol in
individual jars. Schiller et al. (2014) attribute variation in alcohol concentrations to multiple
factors, including differences in climate control, usage levels, maintenance schedules, and
collection age.

Implications for curatorial practice

The comparatively strong performance of jam jars with metal screw-top lids supports the
findings of Warén et al. (2010), who reported that inexpensive mass-produced jars can perform
as effectively as far more costly ground-glass containers. Their small-scale comparison of
evaporation rates between jam jars and wire-bail jars found jam jars to perform better,
consistent with our results. They also compared jam-jar brands and found similarly strong
performance across manufacturers. Warén et al. (2010) further conducted tests on lid
corrosion: none of 28 undamaged lids showed corrosion after three years under normal storage
conditions (RH 20-70%, 16-18 °C), whereas all 28 lids with deliberate damage to the internal lid
coating displayed corrosion within the same period. They conclude with a set of practical
guidelines: always use new, undamaged lids; inspect the inner lid surfaces regularly; keep spare
lids available; and handle lids carefully to avoid damage to the internal coating.
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Our study and that of Warén et al. (2010) do not support recommendations favouring jars with
continuous-thread lids (Simmons 2014; Neumann et al. 2022). Partial-thread, quarter-turn lug-
finish lids—designed for the commercial food industry—offer multiple advantages: they are
manufactured at scale and therefore inexpensive; they meet stringent food-safety standards;
they incorporate high-quality seals to prevent leakage and contamination; and lids intended for
acidic or high-sugar foods are engineered to be corrosion-resistant. Manufacturing standards
for thread and neck finishes ensure broad lid—jar compatibility, allowing lids to be purchased
separately with confidence in fit.

Our data suggest that jars with partial threads and lug-finish lids, combined with periodic lid
replacement, offer an effective balance of cost, seal quality, and ease of maintenance. In
contrast, wire-bail jars are more expensive, require more frequent inspection due to gasket
deterioration, and show a higher rate of preservative loss.

The two-year inspection cycle used at NHMUK appears broadly effective: most containers
maintained acceptable alcohol concentrations and fluid volumes. Other authors have noted
declining alcohol concentrations over time (Cato 1990; Carter 1995), and maintenance regimes
involving topping-up with alcohol above the target concentration have been recommended to
counteract this decline (Notton 2010; Sendall & Hughes 1996). Many jars in our collection were
outside the target range (Fig. 2). The last inspection of alcohol concentrations in the collection
was in 2013. Figure 2 suggests the interval between concentration inspections was a little too
long, allowing too many jars to drift below 70%.

Some authors advise against discarding alcohol that has drifted far below the desired
concentration, recommending attempts to restore the concentration instead (Notton 2010).
However, the protocols for adjusting alcohol concentrations are complex and time-consuming
(Notton 2010; Sendall & Hughes 1996) and have not been adopted in the NHMUK Diptera
collections due to limited curator time.

The use of replacement gaskets made from more durable materials such as nitrile rubber aligns
with current best-practice recommendations (Neumann et al. 2022). Similarly, leaving
completely failed jars dry is consistent with guidance from Simmons (2014): protocols for
rehydrating dry specimens are difficult and time-consuming, and reserving them for cases
where specimens must be examined is a more efficient use of resources.

Many authors note that DNA preservation improves at high alcohol concentrations (95%)
(Notton 2010; Neumann et al. 2022). Schiller et al. (2014) extended this work by comparing DNA
yield and PCR success across collection sections. However, the recent expansion of
museomics means that the study of even very poorly preserved DNA is now easy and affordable
(Gilbert et al. 2007; Kapp et al. 2021). Curators therefore no longer need to maintain high
alcohol concentrations specifically for DNA preservation.

Limitations and future directions

The main limitation of this study is the lack of information on the age of individual jars. Without
age data, itis impossible to model temporal changes in preservative concentration. Future data
from the NHMUK Diptera collection will allow the rate of alcohol concentration change to be
calculated and permit statistical analysis using methods such as Factor Analysis of Mixed Data
(FAMD), which accommodates both continuous and categorical variables. FAMD can be seen

10



— ARPHAPreprints Author-formatted, not peer-reviewed document posted on 15/12/2025 DOI: https://doi.org/10.3897/arphapreprints.e182386

as a hybrid of Principal Component Analysis (PCA) for continuous variables and Multiple
Correspondence Analysis (MCA) for categorical variables. It normalizes both types of variables
to ensure a balanced influence in the analysis. FAMD can be carried out using the “FactoMineR”
package (Lé et al. 2008) available for the R open-source programming language and software
environment.

FAMD could be expanded to include factors such as storage location, jar size, preservative type,
number of specimens per jar, furniture type, and collection-use frequency. Such analyses,
applied to quantitative collection data, would help curators identify the factors most strongly
affecting preservation outcomes in their collections, and adapt maintenance schedules to
better suit different parts of the collection.

Conclusions

This study highlights the value of quantitative data sets in addition to qualitative observations in
deciding best practice for collections care. By combining preservation outcomes with cost
considerations, curators can make evidence-based decisions about container selection,
maintenance intervals, and resource allocation. The findings from the NHMUK Diptera spirit
collection provide an empirical foundation for improving the management of wet collections,
supporting both long-term specimen integrity and sustainable collection care practices.
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