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Abstract

A wide range of aspects concerning microscope slides, their preparation, long-time storage, curatorial measures in collections, 
deterioration, restoration, and study is summarized based on our own data and by analyzing more than 600 references from the 
19th century until 2016, 15 patents, and about 100 Materials Safety Data Sheets. Information from systematic zoology, 
conservation sciences, chemistry, forensic sciences, pathology, paleopathology, applied sciences like food industry, and most 
recent advances in digital imaging are put together in order to obtain a better understanding of which and possibly why 
mounting media and coverslip seals deteriorate, how slides can be salvaged, which studies may be necessary to identify a range 
of ideal mounting media, and how microscope studies can benefit from improvements in developmental biology and related 
fields. We also elaborate on confusing usage of concepts like that of maceration and of clearing.

The chemical ingredients of a range of mounting media and coverslip seals are identified as much as possible from 
published data, but this information suffers in so far as the composition of a medium is often proprietary of the manufacturer 
and may vary over time. Advantages, disadvantages, and signs of deterioration are documented extensively for these media 
both from references and from our own observations. It turns out that many media degrade within a few years, or decades at the 
latest, except Canada balsam with a documented life-time of 150 years, Euparal with a documented life-time of 50 years, and 
glycerol-paraffin mounts sealed with Glyceel, which represents almost the only non-deteriorating and easily reversible mount. 
Deterioration reveals itself as a yellowing in natural resins and as cracking, crystallization, shrinkage on drying or possibly on 
loss of a plasticizer, detachment of the coverslip, segregation of the ingredients in synthetic polymers, as well as continued 
maceration of a specimen to a degree that the specimen virtually disappears. Confusingly, decay does not always appear equally 
within a collection of slides mounted at the same time in the same medium. The reasons for the deteriorative processes have 
been discussed but are controversial especially for gum-chloral media. Comparing data from conservation sciences, chemical 
handbooks, and documented ingredients, we discuss here how far chemical and physical deterioration probably are inherent to 
many media and are caused by the chemical and physical properties of their components and by chemicals dragged along from 
previous preparation steps like fixation, chemical maceration, and physical clearing. Some recipes even contain a macerating 
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agent, which proceeds with its destructive work. We provide permeability data for oxygen and water vapor of several polymers 
contained in mounting media and coverslip seals. Calculation of the penetration rate of moisture in one example reveals that 
water molecules reach a specimen within a few days up to about a month; this lays to rest extensive discussions about the 
permanent protection of a mounted specimen by a mounting medium and a coverslip seal.

Based on the ever growing evidence of the unsuitable composition and application of many, and possibly almost all, 
mounting media, we strongly encourage changing the perspective on microscope slides from immediate usability and 
convenience of preparation towards durability and reversibility, concepts taken from conservation sciences. Such a change has 
already been suggested by Upton (1993) more than 20 years ago for gum-chloral media, but these media are still encouraged 
nowadays by scientists. Without a new perspective, taxonomic biology will certainly lose a large amount of its specimen basis 
for its research within the next few decades. Modern non-invasive techniques like Raman spectroscopy may help to identify 
mounting media and coverslip seals on a given slide as well as to understand ageing of the media. An outlook is given on 
potential future studies.

In order to improve the situation of existing collections of microscope slides, we transfer concepts as per the Smithsonian 
Collections Standards and Profiling System, developed for insect collections more than 25 years ago, to collections of slides. 
We describe historical and current properties and usage of glass slides, coverslips, labels, and adhesives under conservational 
aspects. In addition, we summarize and argue from published and our own experimental information about restorative 
procedures, including re-hydration of dried-up specimens previously mounted in a fluid medium. Alternatives to microscope 
slides are considered. We also extract practical suggestions from the literature concerning microscope equipment, cleaning of 
optical surfaces, health risks of immersion oil, and recent improvements of temporary observation media especially in 
connection with new developments in digital software.

Key words: mounting medium, coverslip seal, fixation, maceration, clearing, immersion oil, re-hydration, permeability

1. Introduction

Natural history museums house large amounts of specimens in wet collections, as dry mounts, and on microscope 

slides. Especially small invertebrate specimens like worms, insects, crustaceans, and mites are mounted as whole 

mounts on microscope slides and studied by transmitted light microscopy. The slides include also body parts of 

medium-sized animals and histological sections as well as both type and voucher material. Quite frequently, 

researchers in taxonomy want the inner organs of the specimens to be removed in order to study just the cuticular 

exoskeleton. The consequence of this requirement is disastrous: specimens are not only macerated and not 

necessarily sufficiently washed before permanent mounting, but specimens are often even mounted in a mounting 

medium that macerates specimens and continues to do so over time. In addition, media deteriorate, crystals in the 

medium and on or close to the specimen, cracks, and cavities in the media develop commonly, the components of 

the media may segregate, the coverslip may detach (references in Tabs 6, 7). Some of the most problematic media 

include Aquatex®, polyvinyl lactophenol, Fluoromount G™, gum-chloral based media like Berlese’s, Faure’s, and 

Hoyer’s mounting medium, and Permount™ (Tab. 7; Hooper 1970; Upton 1993; Koomen & Vaupel Klein 1995; 

Amrine & Manson 1996; Brown 1997; Lillo et al. 2010; Jacinavicius et al. 2013; Neuhaus 2013, 2017; Neuhaus & 

Sørensen 2013; Neuhaus et al. 2014; Neuhaus & Kegel 2015). The serious problems with the above-mentioned 

mounting media have been widely ignored for decades (references in Tabs 6, 7; for summary about gum-chloral 

media see Upton 1993), and these media are still recommended with sometimes bizarre arguments (Tab. 7) until 

today (Walter & Krantz 2009; Criado-Fornelio et al. 2014) despite the enormous body of evidence about their non-

permanence (references in Tabs. 6, 7). Some curators of large museum collections are more aware of the 

deterioration processes, because they have direct access to an enormous amount of microscope slides from 

different time periods and mounted with different mounting media (Upton 1993; Brown 1997; Neuhaus 2013; this 

paper), whereas scientists at universities often seem to focus mainly on how to get satisfying slides in a short time 

and with as little effort as possible. Several taxonomically important collections have already been lost or will be 

lost in the foreseeable future if no measures will be undertaken to salvage these collections (Schauff 1985; 

Sterrenburg 1990; Upton 1993; Brown 1997; Jersabek 2005; Jersabek et al. 2010; Lillo et al. 2010; Neuhaus pers. 

obs.).

In the area in which the senior author does his own research, various mounting media like CMC-10, 

Fluoromount G™, glycerol, Hoyer’s mounting medium, and Permount™ are documented in the literature for slides 

of the meiobenthic taxon Kinorhyncha, and problems like too intense maceration of specimens have been 

recognized for a long time for some media (Higgins 1960, 1961, 1964, 1977, 1982, 1983, 1988; Westheide & 
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Purschke 1988; Sørensen & Pardos 2008; Neuhaus 2013). It is only recently, that additional severe problems with 

several of the above-mentioned mounting media have been mentioned such as the formation of cavities and 

crystals and disintegration of the medium (Neuhaus 2013, 2017; Neuhaus & Sørensen 2013; Neuhaus et al. 2014; 

Neuhaus & Kegel 2015). Unfortunately, little effort has been made to overcome the problems such as by reducing 

the amount of chloral hydrate in Hoyer’s mounting medium by about 37% and sealing the coverslip with Murrayite 

or an epoxy paint (Higgins 1977, 1982, 1983, 1988). In a few cases, specimens have been re-mounted as glycerol-

paraffin slides (Neuhaus & Kegel 2015; Neuhaus 2017). Procedures for re-mounting slides are scarce and offer 

different solutions for different taxa and different types of slides (Moore 1979; Fain 1980; Garner & Horie 1984; 

Brunner & Blueford 1986; Brown & Boise 2005, 2006; Gunter & Brown 2005; Woessner 2005; Allington-Jones 

2008; Jacinavicius et al. 2013; Valentine-Baars & Kerbey 2014).

Museum collections with their broad range of microscope slides from different sources suffer widely from a 

lack of information about processing of the specimens, the mounting medium, and the coverslip seal used for a 

specific slide. Statements about the longevity of mounting media and seals are difficult to base on dated and 

documented specimens (but see Cushing 2011). Often, experience of newly introduced mounting media is limited 

to a couple of months or years (Tabs 6, 7, 9; Gater 1929; Gibbins 1930; Kirkpatrick & Lendrum 1939, 1941; Brown 

1997; Criado-Fornelio et al. 2014). Methods for non-destructive identification of such substances from materials 

science like X-ray fluorescence analysis and infrared spectroscopy have been applied very rarely (Garner & Horie 

1984; Valentine-Baars & Kerbey 2014). Also, the properties of mounting media and coverslip seals have rarely 

been tested by experiments (Allington & Sherlock 2007a, 2007b). This unsatisfactory situation makes restoration 

of slides a time-consuming game of trial and error with an uncertain outcome.

The problem of deteriorating museum items, especially related to plastics, adhesives, consolidants, and 

varnishes is not unique to natural history collections (Baker 1995) but happens in museums of fine arts as well 

(Blackshaw & Ward 1982; Horie 1983, 2011; Jackson 1982; Koob 1982; Witte 1983; Blank 1990; Robson 1992; 

Griffith 1996; Keneghan 1996; Mills & White 1999; Oosten 2002a, 2002b; Shashoua 2008). Here, the preventive 

(= passive) approach is to create a storage environment minimizing deterioration processes and to avoid substances 

that have been proven to become instable over a limited time frame; the interventive (= active) approach is to apply 

conservation techniques that are reversible if ever possible, and well documented (Horie 1983, 2011; Mills & 

White 1999; Michalski 2002; Davison 2003; Shashoua 2008). The Conservation and Preservation of Natural 

Science Collections Project of the National Institute for the Conservation of Cultural Property, USA suggests inter 

alia a technology transfer from related disciplines like chemistry, physics, materials science, and conservation 

science to natural history collections (Duckworth et al. 1993). Such efforts have been seen in amber collections, 

and specific studies have been designed to understand better the effect of environmental parameters on the 

deterioration of amber (Thickett et al. 1995; Pastorelli 2011; Pastorelli et al. 2011, 2012, 2013; Bisulca et al. 2012).

These observations on amber are quite indicative for the storage conditions of microscope slides mounted in 

natural plant resins like Canada balsam, which has been used as mounting medium for more than 180 years now 

(Bracegirdle 1978, p. 88).

The Collections Committee of the Department of Entomology at the National Museum of Natural History, 

USA, defined the first quantitative assessment of a natural history collection in terms of its curation status 

including the conservation condition of the material in order to allow priority setting for the management of the 

collection in times of limited personal and financial resources (McGinley 1989, 1992). This Smithsonian Standards 

and Profiling System also provides data ante and post curation activity, so project-based activities can be easily 

documented for funding bodies. The system has been subsequently adapted for wet and dry vertebrate collections 

(Williams et al. 1996), paleontological collections (Adrain et al. 2006), and wet collections (Neuhaus et al. 2012). 

It was also suggested for microscope slides by Brown (1997, p. 11) and inspired the senior author to develop a form 

sheet in order to assess slide collections (Tab. 2).

It does not seem to be self-evident that animal specimens must be fixed properly for morphological studies in 

order to keep the specimens (hopefully) for centuries. Again and again, ethanol-preserved specimens are offered 

for deposition in museum collections. It seems that formaldehyde-fixed specimens are still more suitable for 

morphological studies and last longer than ethanol-fixed specimens (e.g., Steedman 1976a; Kiernan 1999). Also, 

chemicals used for maceration of internal organs (Lambers 1950; Richards 1964; Bink 1979; Böck 1989; Upton 

1993; Brown 1997; Kiernan 2015; Brown & Boise 2005, 2006) may not have been removed entirely and may react 

with the mounting medium. Clearing agents may pose a similar problem.
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The situation described above has been the incentive for the senior author to review the biological literature for 

descriptions of problems and solutions and to extend the search to other fields like conservation science in order to 

gain a different perspective on how to deal with microscope slides. Many aspects of the current paper are based on 

anecdotal reports in the literature. A systematic approach to understand microscope slides in all their aspects is 

missing widely, but few papers stand out (Upton 1993; Brown 1997). Data from chemistry and applied sciences 

complement the information gathered. There is now an ever growing body of evidence that many mounting media 

and all animal taxa are impacted, the problem of the durability of microscope slides seems to be a universal 

problem, not a problem of individual media and taxonomic groups (Tabs 6, 7). The aim of the present paper is (1) 

to provide a tool for evaluating the curation status of a microscope slide collection, (2) to summarize and discuss 

old and new information about slide deterioration with some focus on meiofauna including results from 

conservation studies, from the few experimental tests on slides available, from chemistry, and from applied 

sciences, (3) to suggest procedures for the restoration of slides based on current knowledge, (4) to summarize 

general recommendations about storage, collection management, and study of slides, and (5) to stimulate 

discussion about and research on the preparation and restoration of microscope slides.

2. Material and methods

Both historical, contemporary, and some more unusual mounting media and coverslip seals are treated in this 

article as comprehensively as seems reasonable, because chances are high that even products that are no longer 

produced due to their health risk for humans (e.g., Aroclor®, Caedax) will exist in a museum collection. The more 

common and better documented media are listed in Tables 5, 6, 8, and 9, Figures 6–14, 21–26, and mostly also in 

the text, but media for which less detailed information could be gathered are only mentioned in the text. Properties 

of the media in Tables 5, 6, 8, and 9 are certainly also true for the properties of chemically related media. For 

Alcarin, Clearax (Göke 2000: formation of crystals after several years), Diatopan, Dirax C, Gurr’s Neutral 

Mounting Medium, Histoclad®, Histokitt, Histomount, Mahady Micromount, Malinol, Meltmount, Mikrops, Neo-

Mount®, Omnimount™ (deterioration problems known), Plexisol, Pontalite, Pro-Texx, UV-Inert, Vinylite, XAM 

(not available after 2007), ZRax, data is so sparse that they are not treated in detail (Skiles & Georgi 1937; Lillie et 

al. 1950, 1953; Gray & Wess 1951; Beck 1959; Meller 1985; Westheide & Purschke 1988; Koomen & Vaupel 

Klein 1995; Brown 1997; Göke 2000; Wiggins & Drummond 2007). 

Information about the chemical composition of mounting media and coverslip seals is kept as close as possible 

to the original data taken from published sources. Occasionally, chemical names are carefully adapted to current 

use, synonyms are provided in several cases, but generally we refer to widespread popular names. No efforts are 

made to apply a modern chemical nomenclature. We also provide the chemical formulae of a range of mounting 

media, coverslip seals, and other chemicals applied for slide mounting if individually identifiable chemicals are 

known (Figs 6–14, 21–26); the structure of synthetic polymers is shown as composed of general repeated units 

(Fig. 12). The composition of mounting media (Tab. 5) and of coverslip seals (Tab. 8) has been extracted from the 

literature, Materials Safety Data Sheets, and patents, but probably not all ingredients are mentioned, because they 

are proprietary of the manufacturers. The composition of Naphrax™ and of natural resins like Canada balsam, gum 

arabic, gum colophony, gum sandarac, and Venetian turpentine (= Venice turpentine) is based on the analysis of 

original ingredients or of raw resins in the literature; the final products will contain fewer or different chemicals, 

mainly because of heating during manufacture of the final product and oxidation processes (Lillie et al. 1953, p. 

58; Mills & White 1999, p. 100; Scalarone et al. 2002, p. 348). In Tables 5 and 8, a chemical that is liquid at 25°C 

is regarded as solvent, whereas the remaining chemicals are placed in other categories. One or two plates are 

dedicated to the chemical formula of each natural resin in order to show their complex chemical composition (Figs 

6–11, 21–26). Consequently, a few chemicals appear repeatedly on different plates. The composition of one and the 

same product like Canada balsam seems to vary between different manufacturers. For several media we find 

different names and different chemical components in the literature, e.g., for Caedax, C-M Medium, CMC, CMCP, 

and Permount™. In these cases, it usually remains open at which time which recipe of a medium was applied. For 

Loctite® 363™ Impruv® Potting Compound Light Cure and Technovit® 7100, Materials Safety Data Sheets from 

different dates reveal a different chemical composition at a given time (Tab. 5). This general problem has been 

recognized early (Gray 1954, p. 651). Many substances mentioned in the article bear considerable health risks for 
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humans, so the reader is strongly encouraged to check MSDS and databases like GESTIS Substance Database (= 

Information system about hazardous substances;  Available from: http://www.dguv.de/ifa/index-2.jsp) and NIOSH 

Pocket Guide to Chemical Hazards (Available from: http://www.cdc.gov/niosh/npg/) before experimenting and 

applying older recipes.

Observations and experiments from conservation science about similar or identical media as used for 

microscope slides are discussed, because similar data is widely missing for slides. It has to be kept in mind that 

such studies often refer to varnishes used on pictures. Consequently, such media possess an extremely high surface-

to-volume ratio exposing a significantly larger surface of the media to environmental conditions like light, oxygen, 

and other gases and vapors than media of microscope slides. Also, criteria of ageing differ partly (see chapter 4.1 

Mounting medium and coverslip seal: durability versus reversibility).

We make considerable efforts to obtain and refer to original references whenever possible and try to cover a 

broad range of taxa. Additional taxon-specific literature can be found in Brown (1997). We also refer to 

publications from the early and middle 20th century (e.g., James 1887; Behrens 1892; summary of recipes from 

older literature in Gatenby & Beams 1950; Gray 1954), because older museum collections certainly harbor 

microscope slides from that time suffering from the problems described at that time. In addition, we cite amateur 

and “grey” literature like newsletters of specialists in a given field, e.g., articles providing long-time experience 

with mounting media that is sparsely documented otherwise.

Many publications provide data on the refractive index of a mounting medium. However, few papers indicate 

the temperature at which the index was measured and whether the medium was measured in the dry or in the 

dissolved condition. Therefore, we mainly, but not exclusively, mention the refractive index (Tab. 4) if the 

temperature and the state are indicated in the literature.

Both historical and contemporary information about slides, coverslips, and microscope objectives is 

mentioned, because natural history collections house such microscope slides, and older microscopes before the era 

of microscopes with an infinite optical tube length are still in use at such institutions.

Specimens were photographed with a Zeiss AxioCam MRc5 and objectives Plan-Apochromat 10x/0.32, 20x/

0.60 as well as Plan-Neofluar 40x/0.75 and 40x/1.30 Oil attached to a Zeiss Axioplan 2 mot. For lower 

magnifications, a Zeiss AxioScope A.1, Zeiss AxioCam MRc5, and objectives Plan-Neofluar 1.25x/0.035, 2.5x/

0.075, and 5x/0.16 Ph1 were used. Objects and entire slides were photographed with a Canon EOS 50D, a 

compact-macro lens EF 50 mm/2.5, and a macro ring light Canon MR-14EX. The images were digitally improved 

with Corel Photo Paint V.16 and mounted with Corel Draw V.16.

List of abbreviations

comp. compare

DIC differential interference contrast after Nomarski

nA numerical aperture

MSDS Materials Safety Data Sheets

nD20°C refractive index at 20°C and at wave length 589 nm (= D-line of sodium)

pers. com. personal communication

pers. obs. personal observation

RH relative humidity.

3. Results and discussion

3.1 Specimen processing

3.1.1 Primary fixation and preservation

Long-time preservation of specimens for light microscopy on microscope slides depends also on initial fixation. 

Chemical fixation or at least preservation of biological specimens is facilitated either by coagulant dehydrating 

preservatives such as ethanol, non-coagulant cross-linking fixatives such as formaldehyde and chloral hydrate, or 

compound fixatives such as alcoholic formalin (Grizzle et al. 2008). There are plenty of recipes for more special 
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purposes (Gray 1954, pp. 182–266), e.g., immature insects are often preserved in a mixture of kerosene, ethanol, 

glacial acetic acid, and either dioxane or a detergent like Triton X-100 or Tween (Stehr 1987). Small and delicate 

marine plankton is fixed in a mixture of acrolein, glutardialdehyde, and tannic acid (Veer 1982) or in 2% acidified 

Lugol solution (Jaspers & Carstensen 2009). Kiernan (2015, pp. 12–42) provided for different fixatives an 

overview of how they react with the tissues and which advantages and drawbacks they offer.

Curran & Hominick (1980) reported that temperature and exposure time during heat killing, components and 

temperature of fixation fluid, and processing to mounting medium affected shape, appearance of cellular and 

cuticular characters, and several measurements of nematodes. They also concluded that “no combination of 

methods produced specimens with all the characters of live nematodes, and the two species were not equally 

sensitive to the different treatments” (Curran & Hominick 1980, p. 463). Therefore, these authors suggested 

carefully documenting every step of the preparation of a specimen. Artifacts in histological sections originating at 

the different stages of tissue processing were described by Wallington (1979) and McInnes (2005).

Alcohols. Ethanol seems to have been used as preservative first about 1662 by Robert Boyle (Tab. 1; Reid 

1994, p. 32). Ethanol is a coagulant preservative precipitating proteins by dehydration and, consequently, stopping 

its biological activity (Böck 1989, pp. 72–74, 80–81; Eltoum et al. 2001). The reaction is partly reversible (Eltoum 

et al. 2001; Grizzle et al. 2008), which means that autolytic enzymes in the tissue and bacterial enzymes in the 

digestive tract may become active again if the ethanol concentration drops below 50–60% for a longer time. 

Observations on insects suggest deterioration within 10 years at ethanol concentrations below 90% (Salmon 1947). 

Ethanol as single preservative may also cause “considerable distortion of the micro-anatomy in pieces of animal 

tissue”; therefore, ethanol has been applied as fixative together with, e.g., formaldehyde and acetic acid (often 

abbreviated, but not always explained, as FAA = formalin + acetic acid + alcohol or AFA = alcohol + formalin + 

acetic acid) with acetic acid opposing the shrinkage (Pritchard & Kruse 1982, p. 124; Nowacek & Kiernan 2010, p. 

145). In marine species, the salts from the seawater may precipitate on the specimens as a crust and inhibit proper 

fixation if the latter are preserved in ethanol of high concentration (Gatenby & Beams 1950, p. 21; Steedman 

1976b, p. 176). This may be overcome by acidifying the ethanol with hydrochloric acid or another acid (Gatenby & 

Beams 1950, p. 21). It has to be kept in mind that many “fixatives”, e.g., a mixture of methanol and acetic acid 

(Saito et al. 1993), are not intended to conserve the structure of the inner organs of a specimen, but to preserve just 

the chitinous exoskeleton for microscope observation. Such cocktails as well as reversible coagulating agents such 

as ethanol should not be regarded as fixatives sensu stricto like the cross-linking agents formaldehyde and 

glutardialdehyde.

Various fixatives and preservatives. Bracegirdle (1978, p. 59) dated the “beginning of adequate fixation” for 

microscopy to the application of chromium trioxide as a hardening agent by Jacobsen in 1833 (Tab. 1). Mercuric 

chloride (= corrosive sublimate of older literature) was used first by Blanchard since about 1846 and survived in 

many recipes like Heidenhain’s Susa, Zenker’s fixative, and Gilson’s fluid (Tab. 1; Gray 1954; Bracegirdle 1978, 

pp. 60–62; Böck 1989; Kiernan 2015). Material treated with fixatives containing mercuric chloride is prone to the 

formation of crystals, which may be removed by washing with alcoholic iodine and sodium thiosulfate solution 

(Gray 1954; Kiernan 2015, pp. 18, 70). Acetic acid was applied first in microscopy by Clarke in 1851, osmium 

tetroxide by Schultze in 1864, and picric acid (= trinitrophenol) by Ranvier in 1875 (Tab. 1; Bracegirdle 1978, pp. 

61–62). This range of fixatives was occasionally used alone or in combination with other fixatives like 

formaldehyde for museum material (Neuhaus pers. obs. from catalogue data at Museum für Naturkunde Berlin), 

but their main application seems to have been related to histological studies. 

It may be tempting to preserve specimens intended for both molecular and morphological studies in DESS, 

consisting of 20% dimethyl sulfoxide (= DMSO), 0.25 M disodium ethylene diamine tetraacetic acid (= disodium 

EDTA), and saturated sodium chloride (Yoder et al. 2006). Whereas the DMSO facilitates penetration of smaller 

molecules, disodium EDTA and sodium chloride inhibit nucleases, which can degrade DNA (Naem et al. 2010). In 

this specific case, marine, terrestrial, and parasitic nematodes were initially preserved in DESS, mounted in 

glycerol, and studied with a light microscope after five months (Yoder et al. 2006). However, DESS does not 

initiate cross-linking of the tissue, so once a specimen is mounted, its morphology is not maintained by a 

preservative anymore. It remains open, how long such a specimen may survive as a slide mount beyond the five 

months tested. Also, crystals may form in some specimens (Naem et al. 2010).
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In search for fixatives less toxic for humans, a range of different chemicals has been tested. Among these is 

acidified Lugol solution (iodine, potassium iodide) for preserving plankton organisms (Jaspers & Carstensen 

2009). However, copepods shrink by 17% within the first 36 hours, Lugol solution stains specimens intensely, the 

iodine-based solution deteriorates on exposure to light, and may be absorbed by plastic material. It remains to be 

tested how long specimens may last if initially preserved with Lugol solution and whether taxonomically important 

characters can be recognized in sufficient detail or not.

Formaldehyde. Formalin, a solution of the gas formaldehyde in water, was introduced as a fixative by Blum 

in 1893 (Tab. 1; Blum 1893; Bracegirdle 1978, p. 62; Böck 1989, p. 84; Reid 1994, p. 54). Therefore, especially 

older parts of a museum collection were most probably preserved in ethanol only (but see also previous paragraph), 

which may lead to conservation problems if slides are mounted from such material. Unfortunately, the relevance of 

proper fixation with formaldehyde (see below) has been also ignored by later workers until today, where there is 

often the focus on preserving material for molecular studies and depositing voucher specimens in a museum 

collection in the same preservative, viz, usually ethanol.

Formaldehyde dissolves in aqueous solutions to methylene hydrate, which reacts with several functional 

groups of proteins to unstable hemiacetals and related adducts (Kiernan 2015, pp. 24–27). The free hydroxymethyl 

groups of the hemiacetal-like adducts react with other functional groups of proteins and cross-link the latter via 

stable methylene bridges thereby constituting the fixing capability of formaldehyde (Kiernan 2015; Nowacek & 

Kiernan 2010, pp. 142–143). A plateau of binding of formaldehyde to proteins is reached after 24 hours. The cross-

linking process seems to take 1–6 weeks depending on the size of the specimen, so fixation for about one to two 

weeks is recommended for morphological studies of small- to medium-sized specimens (see also Jones 1976, pp. 

155–168; Sanderson 1994, p. 20; Kiernan 2015, pp. 24–28, 2000; Nowacek & Kiernan 2010, pp. 142–143). Eltoum 

et al. (2001) and Grizzle et al. (2008, p. 58) doubted that the cross-linking initiated by formaldehyde during 

fixation for up to 24 hours contributed most to the fixing capability of formaldehyde and suggested denaturing of 

macromolecules by the formation of hydroxymethyl groups as the major effect. In any case, fixation with 

formaldehyde over about two weeks is less reversible (Sanderson 1994; Kiernan 2015; Nowacek & Kiernan 2010) 

and is, therefore, preferred over fixation for a single day or fixation with ethanol. For histological sectioning, 

formaldehyde seems still to be unsurpassed by other fixatives despite the extensive efforts to substitute it and 

despite its cancerogenic potential (Buesa 2008).

Hooper (1986b) recommended storing nematodes for not longer than one year in TAF, an aqueous mixture of 

formaldehyde and triethanolamine, in order to avoid artifacts in the cuticle. Huber (1998, p. 377) claimed that 

formaldehyde would “erode” the cuticle of nematodes and arthropods, if specimens were stored in this chemical. 

However, from the following text it becomes clear that Huber (1998, p. 380) referred to fixing and not to storage 

for an extended amount of time. This statement is a bit amazing, because formaldehyde in combination with other 

chemicals is still recommended for nematodes (e.g., Hooper 1970, 1986a, 1986b; Hooper et al. 2005).

3.1.2 Chemical maceration

Internal organs of small invertebrates are often macerated, viz, chemically destroyed, and only the cuticular 

exoskeleton studied by light microscopy. This classical process has been confused with “clearing” in numerous 

publications. However, clearing is a totally different, physical phenomenon that, unlike chemical maceration, does 

not destroy the structural integrity of a specimen (see chapter 3.1.3 Physical clearing). To complicate matters even 

further, “clearing” in histology also means clearing from water; this refers to using non-polar liquids like benzene, 

chloroform, and xylene as intermediate agents between dehydrating agents such as ethanol and paraffin wax or 

resinous mounting media (Pritchard & Kruse 1982, pp. 121–122; Kiernan 2015, pp. 2, 53).

Maceration may also affect the cuticle and soften it. Maceration seems to be necessary for Thysanoptera, 

because “unmacerated specimens of pale species tend to produce an opaque film over their body surfaces which 

obscures detail within about ten years” (Mound & Pitkin 1972, p. 122). Sometimes, degreasing of a specimen in a 

mixture of ethanol and either xylene and ethylacetate or diethyleether is necessary in order to avoid interaction of 

the specimen and mounting medium, e.g., in aphids (Heikinheimo 1988). Brown (1997) and Brown & Boise (2005, 

2006) noted for insects that the “specimens preserved in formalin cannot have their body contents removed and so 

are almost useless for taxonomic studies”. A similar statement was given by Mitchell & Cook (1952) and by 
NEUHAUS ET AL.12  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press



Jeppson et al. (1975, p. 385) for freshwater and phytophagous mites correspondingly, by Bartsch (1988) for marine 

Acari, and by Gardner (1975) for plants. These statements for some invertebrates and plants are certainly not true 

for all invertebrates, because Kinorhyncha have been regularly preserved in formaldehyde and subsequently 

mounted in Hoyer’s mounting medium with total removal of the inner organs (e.g., Higgins 1969, 1983, 1988, 

1990; Neuhaus pers. obs.). For insects stored in ethanol of high concentration for a longer period of time, 

maceration will be facilitated by keeping the specimen in 50% or a lower concentration of ethanol for a few days 

before maceration (Mound & Pitkin 1972, p. 125). Marine and freshwater mite exoskeletons seem to require, or at 

least benefit from, removal of internal organs by digestion with the enzymes pepsin or trypsin (Newell 1947; 

Mitchell & Cook 1952; Bartsch 1988).

Maceration, bleaching, and de-waxing processes in arthropods often include rigorous procedures with chloral 

hydrate, eau de Javel (= sodium hypochlorite, NaClO), glacial acetic acid, hydrochloric acid, lactic acid, potassium 

or sodium hydroxide, tetrahydrofuran, and xylene (the latter two both for de-waxing), sometimes done at 80°C or 

even 100°C in order to accelerate the processes (Fig. 13; Behrens 1892, pp. 68–70; Nye 1947; Salmon 1947; Essig 

1948; Lambers 1950; Wagstaffe & Fidler 1955, pp. 177–178; Richards 1964; Lersten 1967; Singer 1967; Wirth & 

Marston 1968; Eastop & Emden 1972, p. 4; Mound & Pitkin 1972; Barbosa 1974; Gardner 1975; Rusek 1975; 

Martin 1978, 1999; Bink 1979; Noyes 1982; Pritchard & Kruse 1982; Thatcher 1987; Wilkey 1990; Saito et al.

1993; Upton 1993; Amrine & Manson 1996; Famadas et al. 1996; Brown & Boise 2005, 2006; Faraji & Bakker 

2008). Supposedly, “the use of cold caustic over a more or less prolonged period gives more uniform results than 

relatively short immersion in hot or boiling caustic” (Hardwick 1950, p. 231). Glacial acetic acid also dehydrates 

specimens and has been commonly used as a combined macerating and dehydrating agent for mounting in a non-

aqueous medium (Spence 1940d; Richards 1964; Brandham 1970; Berland 1984). At the same time, acetic acid 

renders specimens supple with their appendages expanded.

Chloral hydrate (Fig. 13) has been, and still is, applied to specimens alone or as part of a gum-chloral medium 

or phenol. Chloral hydrate decomposes in aqueous solution within 15 weeks lowering the pH from 6.72 to 4.75–

2.33; this process is accelerated by UV irradiation and the pH may drop from 6.25 to 1.6 in 10 hours (Luknitskii 

1975, p. 260). Chloral hydrate substance has sedative properties, is regulated at least in the USA, and may be 

difficult to obtain, but “many pharmacopeias [...] have published protocols for microscopic authentication analyses 

of herbal preparations using acidified chloral hydrate [...] as clearing agent” (Villani et al. 2013). Therefore, the 

latter authors suggested replacement of chloral hydrate by Visikol™ (for more details see chapter 3.7.21 

Visikol™).

Sometimes, several macerating and clearing agents are applied at the same time resulting in a very powerful 

process like in Herr’s four-and-a-half clearing fluid for plant material consisting of chloral hydrate, clove oil, lactic 

acid, phenol, and xylene (Herr 1971). For maceration and/or de-waxing, a mixture of chloral hydrate and phenol is 

recommended (Spence 1940a; Lambers 1950; Ossiannilsson 1958; Eastop & Emden 1972; Rusek 1975; Martin 

1999). This mixture has also been suggested as a mounting medium, but preparations do not last very long because 

of the rapid evaporation of both substances (see also Tab. 10; Spence 1940a). A mixture of lactic acid and phenol 

called lactophenol is applied frequently (Denham 1923; Richards 1964; Singer 1967; Eastop & Emden 1972; Esser 

1974; Bink 1979; Huys & Boxshall 1991; Upton 1993; Brown & Boise 2005; Faraji & Bakker 2008). Essig’s 

Aphid Fluid contains glacial acetic acid, lactic acid, phenol, water, and originally also ethanol (Essig 1948; Wilkey 

1990). Martin (1999, p. 124) used a mixture of phenol with Histoclear or xylene for de-waxing and bleached 

specimens in ammonia and hydrogen peroxide (Martin 1999, pp. 124–125). Martin (1978, pp. 108, 166) suggested 

Nesbitt’s fluid, a mixture of chloral hydrate, water, and hydrochloric acid, for macerating mites and insects. 

Additional formulae may be found in Gray (1954, pp. 177–178).

Great care must be taken that the specimen is washed repeatedly and none of these and related substances as 

well as the primary fixative remain in the specimen, because the chemicals will influence long-time stability of the 

mount (see chapter 3.7.25 Discoloration; Essig 1948; M. Ipe and B. Pitkin in Disney & Henshaw 1988). However, 

recipes provided by numerous authors and the frequent statement that specimens may be mounted directly from the 

macerating agent indicate that the necessity of carefully washing off the macerating agent is all too often ignored 

entirely. In these cases, the macerating agent remains in the specimen and becomes part of the mounting medium—

with all its disastrous consequences. Brown (1997, p. 11) stated that “the NHM has stopped the practice of clearing 

specimens in chloral phenol before mounting in gum chloral mountants and will continue and increase the use of 

Euparal and Canada balsam”, so there is some hope for change at least in some institutions.
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Whereas classical maceration results in complete destruction of soft tissues, more recent efforts in vertebrate 

studies concentrate on removal of lipids and decolorization of tissues, especially hemoglobin, myoglobin, and other 

pigments, by treatment with two cocktails (reagent 1: N,N,N’,N’-tetrakis(2-hydroxypropyl) ethylenediamine, 

polyethylene glycol mono-p-isooctylphenyl ether, Triton X-100, urea; reagent 2: sucrose, 2,2’,2’’-nitrilotriethanol, 

Triton X-100, urea) for study of entire specimens with light-sheet microscopy (e.g., Susaki et al. 2014; Tainaka et 

al. 2014). A similar approach using the sugar alcohol xylitol (= pentanpentol), the detergent sodium deoxycholate, 

and urea was followed for whole-plant studies by extracting chlorophyll and therefore diminishing its 

autofluorescence (Kurihara et al. 2015). All these efforts also aim at minimizing the mismatch in refractive index 

between coverslip, observation medium, and specimen.

3.1.3 Physical clearing

Stained or unstained tissue is “cleared” by a clearing agent that remains in the specimen during mounting and is 

part of the permanent mount or represents the mounting medium in the case of glycerol. The classical clearing is a 

physical phenomenon and acts via the refractive index of the clearing agent being close to that of the specimen; 

therefore, structural characters of a specimen become less visible, whereas stains stand out optically, which is 

particularly useful for stained histological sections (comp. chapter 3.7.3 Refractive index of mounting media; Lillie 

et al. 1953, p. 57; Krauter 1983; Kiernan 2015, p. 53, tab. 4.1; Ravikumar et al. 2014). If a specimen is intended for 

mounting in a hydrocarbon-soluble medium, aniline oil (toxic, carcinogen), anise oil, benzene, benzyl benzoate, 

bergamot oil, cajeput oil (= cajuput oil), cedarwood oil, cinnamon oil (= cassia oil), clove oil, creosote (a mixture 

of various phenols), isoamyl acetate, limonene, methyl benzoate (= Niobe oil), methyl salicylate (= wintergreen 

oil), origanum oil, phenol, terpineol (= artificial oil of lilac), tert-butyl alcohol, or oil of turpentine (applied first 

about 1843) may be used for clearing the specimen (Fig. 13; Behrens 1892, pp. 68–70; Spence 1940d; Fox 1942; 

Doetschman 1944; Gatenby & Beams 1950, pp. 66–70; Hardwick 1950; Wagstaffe & Fidler 1955, pp. 173–174; 

Wirth & Marston 1968; Heming 1969; Barbosa 1974; Bracegirdle 1978, p. 82; Martin 1978, p. 129; Palma 1978; 

Pritchard & Kruse 1982; Krauter 1983; Berland 1984; Böck 1989; Sanderson 1994, p. 43; Brown 1997; Kiernan 

2015; Gill 2013, pp. 248–249).

Oil of turpentine should not be confused with Venetian turpentine (= Venice turpentine) as in GESTIS 

Substance Database ( Available from: http://gestis-en.itrust.de/nxt/gateway.dll/gestis_en/

000000.xml?f=templates$fn=default.htm$3.0, accessed 14 January 2016). Oil of turpentine contains the volatile 

substances distilled from the resin of various species of Pinus and consists of various liquid monoterpenes like α-

pinene, ß-pinene, Δ³-carene, limonene, myrcene, and ß-phellandrene; Venetian turpentine originates from the resin 

of Larix decidua Linné, 1758 and contains different resinous pimaradiene, abietadiene, and abietatriene acids (Tab. 

5; Mills & White 1999, pp. 95, 100–102). The unsaturated hydrocarbons of oil of turpentine “tend to react with 

oxygen in the air, becoming increasingly polar with the formation of peroxides [...]. These can then polymerize to 

form insoluble and yellow products. These oxidized components will in turn cause any solutes, such as other 

polymers, to oxidize, deteriorate and cross-link. [...] For that reason, oil of turpentine is not recommended to be 

used for conservation purposes” (Horie 2011, pp. 241242). Although this statement is given for picture varnishes, 

there may be some truth also for microscope slides.

Phenol also dehydrates specimens and has been commonly used as a combined clearing and dehydrating agent 

since at least 1873. In addition, phenol renders specimens supple with their appendages expanded (Spence 1940d; 

Fox 1942; Wirth & Marston 1968; Berland 1984; Famadas et al. 1996; Brown 1997, p. 8). Opposite to xylene, 

cedarwood oil is also supposed not to harden specimens (Pritchard & Kruse 1982, p. 122). Clove oil makes 

specimens brittle and causes darkening of Canada balsam over time (Behrens 1892, p. 69; Gatenby & Beams 1950, 

p. 67; Gray 1954, p. 56; Wagstaffe & Fidler 1955, p. 173). Histoclear and other xylene substitutes using limonene 

are reported to harden tissues like brain, liver, and spleen considerably more than substitutes based on alkanes, 

although the alkane-based Clear-Rite™ 3 is known to harden tissues, too (Buesa & Peshkov 2009, Tabs 2–3, p. 

250). Alkanes are “usually incompatible with xylene or toluene-based mounting media” (Buesa & Peshkov 2009, 

p. 250).

Mounting a specimen in glycerol also clears tissues (see chapter 3.7.4 Liquid mounting media (formaldehyde, 

lactophenol, glycerol, Zeiss W15); Morse 1992, p. 3).
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3.1.4 Staining

Meiofauna is easier to recognize during sorting, and this process consequently accelerated if specimens are stained 

with Rose Bengal binding to proteins for 10 minutes up to two days (Pfannkuche & Thiel 1988, p. 143). 

Arthropods are often stained with acid fuchsin, basic fuchsin in ammonia, borax carmine, cibacron turquoise blue 

GE, chlorazol black E, eosin, Evans blue, fast green, light green, lignin pink, methyl blue, orange G, phenol-fuchsin 

(= Ziehl’s carbol-fuchsin), procion blue 3GS, safranin, and toluidine blue; specimens are often, but not always, 

macerated before staining (Imms 1929, pp. 167–168; Hardwick 1950; Heinze 1952; Mitchell & Cook 1952; Evans 

& Browning 1955; Knudsen 1966, p. 274; English & Heron 1976; Hockin 1981; Huys & Boxshall 1991, p. 450; 

Saito et al. 1993; Koomen & Vaupel Klein 1995; Amrine & Manson 1996; Martin 1999, p. 125; Faraji & Bakker 

2008). The stain has to be compatible with the clearing medium and the mounting medium if the former is used at 

all (Tab. 6; Brown 1997, p. 5). Acanthocephala and other invertebrates may be softened and made more permeable 

for borax carmine or hematoxylin staining by soaking in trisodium phosphate for some time (Van Cleave & Ross 

1947b). 

English & Heron (1976, p. 288) advocated fixation of copepods in formaldehyde and the emulsified version of 

the antioxidant dibutylhydroxytoluene (= butylated hydroxytoluene, BHT, trade name Ionol CP-40) in order to 

preserve specimens “in a supple and cleared condition”. This idea was originally applied for improved color 

retention in fish (Waller & Eschmeyer 1965). English & Heron (1976) further suggested macerating specimens in 

lactic acid and stain copepods with solophenol blue 2RL (= chlorantine fast blue 2RLL), which binds to chitinous 

structures slowly and selectively, so the reaction can be stopped when appropriate. This dye behaves different from 

many other dyes, which stain meiofauna so rapidly and intensively even at low concentrations that specimens are 

usually overstained (English & Heron 1976).

Unfortunately, stains may also mask some morphological characters and make light microscope investigations 

with differential interference contrast more difficult (Huys & Boxshall 1991, p. 450; Koomen & Vaupel Klein 

1995; Sørensen & Pardos 2008; Neuhaus et al. 2013), so staining cannot be recommended at all for morphological 

studies of meiofauna. Possibly, investigating specimens with a microscope equipped with phase contrast or 

differential interference contrast (Martin 1978, p. 136) or emulating various contrasting methods with software (see 

chapter 3.12.1 Microscope equipment; Barone-Nugent et al. 2002; Cody et al. 2005) may substitute or at least 

complement staining.

3.2 Storage

Brown (1997, p. 6) stated correctly that “microscope slides require a controlled environment” and suggests “four 

lines of defense—the sealant ring, the envelope, the cabinet and the room in which the cabinet is housed”. These 

topics are discussed below. Slides can be stored vertically or horizontally, in cabinets, in boxes, on trays, 

enwrapped with (often paper-based) materials of varying quality, etc. (Brown 1997; Gütebier 2011). Reasons for a 

certain way of storage will often be related to historical measurements. It is suggested here to evaluate the current 

situation of storage, set priorities depending on finances and personnel, and to improve the situation step by step 

until a satisfactory stage is reached (Tab. 14).

It must be clearly stated that microscope slides should always be stored separately from other biological 

specimens and not, e.g., together in boxes with pinned insects, because storage requirements of different materials 

may be different (see also chapter 3.4.2 Variety of slides; Brown 1997). Canada balsam is reported to blacken and 

to turn opaque, if mounts are stored in insect boxes treated with parachlorobenzene (= 1,4-dichlorobenzene) for 

pest control (Halliday 1994).

3.2.1 Environmental factors

Temperature, relative humidity, light, oxygen, dust, and volatile compounds represent the main environmental 

factors affecting microscope slides. Based on a review about accelerated ageing of paper, film, and magnetic 

media, Michalski (2002, p. 70) gave the following general statement about ageing of museum artifacts: “Things in 

museums that suffer inherent from chemical decay can be assumed to last approximately twice as long for each 5°C 
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drop in storage temperature. [...] Organic materials suspected of suffering acid hydrolysis, such as paper, film and 

textiles acidified by pollution, can be expected to last more than twice as long at 35% RH as compared to 70% RH 

[...]”. This certainly also has some truth for slides, but other aspects have to be considered, too. 

Grimaldi (1993, p. 45) observed that Baltic amber exposed for about four decades to a temperature of 32–35°C 

during summer darkened considerably. Oxygen was supposed to contribute to the deterioration of amber as well 

(Thickett et al. 1995) and has been demonstrated to actually do so by chemical analyses (Pastorelli 2011; Pastorelli 

et al. 2012). Exposure of amber of various origin to accelerated aging by light, heat, and fluctuating humidity over 

one year lead to increased visible or only spectrophotometrically detectable deterioration of the amber, including 

crazing of the surface, cracking, and darkening; Bisulca et al. (2012) favored especially a stable relative humidity 

as prerequisite of long-term storage of amber. An accelerated aging study at 70°C contributes to understanding the 

mechanisms, by which the polymer degrades (Pastorelli et al. 2013). Mounting in a mixture of gum dammar and 

Venetian turpentine (Klebs 1880, pp. 24–25) seems to stabilize Baltic amber at the Museum für Naturkunde Berlin 

now for more than 130 years now (Neumann 2010).

The Museums and Galleries Commission (1992) suggested that slide collections should be stored in rooms 

with little variation of temperature at about 18°C but did not provide any further argumentation for this 

recommendation. Changes in temperature may lead to cracking of slide mounts because of the different 

coefficients of thermal expansion of glass, mounting medium, and coverslip seal. Therefore, it is not recommended 

storing slides at a lower temperature than 18°C, because otherwise extra caution has to be taken for equilibration to 

the higher temperature and higher humidity in the area where slides are studied. A repeated change in humidity 

would also accelerate glass deterioration (Davison 2003, p. 192).

Allington & Sherlock (2007a, 2007b) reported for the Zoology Department of the Natural History Museum at 

London that the temperature of the microscope slide rooms ranged from 18–27°C and the humidity from 37–67% 

during one year. At the Museum für Naturkunde Berlin, the old hall where microscope slides of the worm 

collection were stored from about 1918 to 2010 possesses large windows to the north and to the south. Box-

windows with two panes unrestored for many decades and aluminum sunblinds (since 1997) somewhat reduce 

temperature exchange between outside and the building, but are not very efficient. Consequently, temperature 

varied from 14–28°C and relative humidity from 33–51% during the year based on data logging from January 2012 

to April 2013 (data courtesy of C. Lüter). Nowadays, these slides are stored in a neighboring hall with windows to 

the north, which were restored fulfilling German standards for energy saving (= Energieeinsparverordnung 2009 = 

EnEV 2009). Annual fluctuation of temperature and relative humidity are reduced now (Neuhaus pers. obs.). The 

relative humidity is suggested to be kept at 60% (Museum and Galleries Commission 1992), but Sterflinger (2010, 

p. 49) stated that “in museums the range of 55% RH is generally regarded as the border line for fungal growth and 

thus climate control is adjusted below this value”. She also emphasized that microclimates within collection halls 

favor fungal growth in poorly ventilated areas and on “walls with temperatures below the dew point”. Weintraub et 

al. (1995) claimed that a humidity above 70% may cause mold and bacteria to grow and water-based mounting 

media to take up moisture if the coverslip seal is not functional anymore. On the contrary, a very low humidity may 

lead to evaporation of water from water-based mounting media and discoloration (Brown 1997).

Slides should be protected from light, which may cause the inscriptions on the label and the stains of 

histological sections to fade (Barr 1970; Dewse & Potter 1975; Goodway 1995; Brown 1997) and the mounting 

media to deteriorate (Denham 1923; Brown 1997; Jersabek et al. 2010). Exposure of amber to daylight behind 

window glass does show a severe deleterious effect on amber (Pastorelli et al. 2011). Dust should be kept to a 

minimum (Goodway 1995), because removing the dust from a slide requires additional handling of the preparation 

with the risk of damaging the mount and the label. Cabinets should be dust-proofed as much as possible. Plastic 

seal tubing as used for sealing windows and brush seals used for doors may represent an option to close wider slits 

at the doors of cabinets. However, these “seals” may favor the formation of unwanted microclimate conditions 

especially concerning volatile compounds in a cabinet (see below).

3.2.2 Cabinets

Cabinets for microscope slides are usually made of wood or of metal. While wooden cabinets offer the advantage 

of easy availability, the material itself as well as the adhesives, paints, and varnishes used in the construction of the 

cabinet will inevitably produce volatile acids and aldehydes leading to corrosion and other damage of the items the 
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cabinet is meant to protect (Hatchfield 1995; Tétreault & Stamatopoulou 1997). Acids originate from the on-going 

hydrolysis of the hemi-celluloses of the wood and are generally produced at a higher degree in hardwoods such as 

oak than in softwoods such as pine. Formaldehyde derives from the wood itself and from the resin used to make 

plywood and particleboard (Hatchfield 1995; Gibson & Watt 2010). Volatile acetic acid may also originate from 

paints and varnishes used on cabinets (Tétreault & Stamatopoulou 1997). Emission of acids increases with 

increasing relative humidity and temperature (Gibson & Watt 2010). Exposure of amber to acetic acid, formic acid, 

and hydrogen sulphide for a couple of hours to three weeks resulted in crazing and exfoliation (Waddington & 

Fenn 1988; Williams et al. 1990) indicating deleterious effects also for mounting media based on natural resins. In 

the National Museums of Scotland, glass artifacts developed crystalline deposits on their surfaces because of 

evaporation of acetic acids (1,193–2,019 µg x m-3), formic acid (366–520 µg x m-3), and formaldehyde (34–858 µg 

x m-3) from the cabinets in conjunction with fluctuating temperature and relative humidity (Robinet et al. 2004).

Acids and aldehyde are especially dangerous for the slides, because a cabinet constitutes a closed environment. 

This effect may be minimized by good ventilation of the collection room, by gas sorbents placed in the cabinet such 

as activated charcoal (= activated carbon) with or without a molecular sieve (= molecular trap, scavenger), and by 

vapor barriers (Grzywacz & Tennent 1994; Hatchfield 1995; Weintraub et al. 1995; Shashoua 2008, pp. 196–201). 

Better ventilation may cause more input of dust, so precautions have to be taken to reduce the dust load. Acidic, 

lignin-containing or historic papers benefit from molecular sieves and active carbon in terms of degradation (Strlič 

et al. 2011). Barriers may be made of aluminium plates or foils. We would not expect a considerable contribution of 

such barriers to lowering the concentration of organic volatiles from the wood in a cabinet with numerous drawers 

as usually exist in slide collections, because there is both not enough space for such barriers, and the surface of the 

wood is too high in a slide cabinet to be entirely covered with a barrier. Volatile acids in a cabinet may be 

monitored roughly with an easy and cheap method during a short period of time (24 hours) with acid-detecting 

strips or for a longer time such as a month simultaneously with a silver, copper, and lead coupon (Shashoua 2008, 

pp. 199–201; Coughlin 2011). The silver coupon reveals corrosion by volatile hydrogen sulfide or carbonyl sulfide, 

the copper coupon reacts with chlorides, oxides (SO
2
, NO

X
), and sulfur compounds, and the lead coupon shows 

corrosion mainly by aldehydes and acetic gases (Grzywacz 2006). This so-called Oddy test was developed for 

testing materials for the storage and display of museum objects in the early1970s by Antony Werner and Andrew 

Oddy. The test takes place originally in a sealed container including one or all three coupons, distilled water, and a 

sample of the material to be tested for volatile substances for 28 days at 60°C (see Robinet & Thickett 2003). Wang 

et al. (2011) used metal films instead of solid metal coupons and reduced testing time to 14 days.

A metal cabinet with a stoved or baked enamel coating based on powdered paint electrostatically applied to the 

metal surface seems to represent the most serious and recommendable alternative to wooden cabinets (Tab. 14; 

Hatchfield 1995). If produced properly, volatile substances will originate at significantly lower concentrations from 

a metal cabinet (Grzywacz & Tennent 1994). The National Museum of Natural History, Washington D.C., 

Smithsonian Institution used to store its slides horizontally on metal trays in a steel cabinet “Lab-aid” made by The 

Technicon Company, New York (Fig. 1F–H). Unfortunately, this cabinet is not produced anymore. Nowadays, 

Delta Designs Ltd, Topeka, Kansas, produces metal slides cabinets, which may even be custom-designed ( 

Available from: http://www.deltadesignsltd.com/, accessed 21 September 2016). This cabinet also has a 

mechanically attached silicon gasket all around the door opening. Metal “Fisherbrand™ micro slide storage 

cabinets” by Fisher Scientific allow only vertical storage of slides (Fig. 1I) and are, therefore, not recommended for 

museum collections. Alternatively, a metal cabinet with drawers not higher than 50 mm meeting archival-quality 

standards for museums may be adapted for slides, but trays would have to be custom-made.

3.2.3 Trays

Horizontally stored microscope slides may be located on trays made of cardboard, wood, plastic, or aluminum 

(Goodway 1995). Among these, anodized aluminum (Hatchfield 1995) seems to the authors of this paper to 

represent the longest lasting material of least potential impact on the slides and its environment (Tab. 14). One of 

the best designed systems the senior author has come across are the trays of Technicon (Fig. 1F–H) and of Delta 

Designs in a metal cabinet (see also chapter 3.2.2. Cabinets). Each steel tray of Technicon with a grey hammer 

finish enamel for a neutral background holds a series of 16 or 32 standard slides in a row, whereas the tray of Delta 
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Designs comes with a white finish and holds up to 66 standard slides. Each slide can be picked easily with the help 

of a hole at the bottom of the tray (Fig. 1G for Technicon). Oversized slides may be stored by bending down the 

half-rounded holders (Fig. 1G, arrowheads). A similar system but in a wooden cabinet is documented by Martin 

(1978, fig. 108).

Archive-quality cardboard seems to be the most reasonable alternative to aluminum (see also Gütebier 2011). 

These would have to be custom-made. One company devoted to high standards in paper articles in Germany and 

able to provide custom-made items of archive-quality is Klug Conservation (Tab. 12). In the long run, wood is not 

regarded as a good choice for trays (see also discussion about cabinets). Also, many plastics are not of archival 

quality, because they contain plasticizers (up to 20–50%), UV inhibitors, dyes, and other additives, which may gas-

off or deteriorate over time, or the plastics are coated on the surface (Sturm 2006; Shashoua 2008, p. 58). Several 

factors accelerate natural deterioration of plastics in the presence of oxygen, viz, UV-light, increased relative 

humidity above 50%, heat, stress, and pollutants like ozone, sulfur dioxide, and formaldehyde (Blank 1990; Oosten 

2002b). Deteriorating plastics can be recognized visually by “cracking, warping, crazing, delamination, liquid 

surface deposits, solid surface deposit, discoloration and crumbling”, olfactory by “a distinctive smell”, and tactilly 

by “a sticky surface” (citations from Oosten 2002b; Shashoua 2008). Sturm (2006) stated that “there are five 

plastics that are considered archival”, viz, polyethylene, polypropylene, polycarbonate, poly(ethylene 

terephthalate), and polytetrafluoroethylene. A series of (partly destructive) tests allows distinguishing certain clear 

plastics from each other, but this will probably be useful only if larger amounts of the same plastics are used 

(Williams et al. 1998; Oosten 2002b).

3.2.4 Horizontal versus vertical storage

Microscope slides should always be stored horizontally rather than vertically for the following reasons, although 

the former takes up more space (Tab. 14; Wagstaffe & Fidler 1955, p. 197; Eastop & Emden 1972; Martin 1978; 

Pritchard & Kruse 1982; Gutierrez 1985; Hooper 1986a, 1986b; Brown 1997, 1998; Allington & Sherlock 2007a, 

2007b):

(1) Mounting media such as Canada balsam or Euparal require many months to dry in the center of the slide 

and about six weeks if kept in an oven at 40°C (Mound & Pitkin 1972). It seems that at least in some cases, 

the mounting medium, probably Canada balsam, remains to some extent viscous even after years of storage 

(Spence 1939; Brunner & Blueford 1986; Gudo et al. 2012). If stored vertically, both the specimen and the 

mounting medium may move under the coverslip (Martin 1978: p. 116; Pritchard & Kruse 1982). It cannot 

be excluded that supposedly “sufficiently hardened” mounting media may creep slowly under the influence 

of gravity over decades if stored vertically (Clarke 1941; Goodway 1995; Brown 1997; Gütebier 2011). 

Brown (1997, 1998) mentioned that slides were baked in an oven at 30–40°C in order to harden the 

mounting medium prior to vertical storage but did not indicate any time schedule. Slides with a liquid 

mountant such as glycerol-paraffin slides should under all circumstances be stored horizontally (Brown 

1997, 1998), because the slides will rapidly lose the liquid content should the paraffin detach locally from 

the coverslip and if the seal leaks.

(2) The coverslip may detach from the mounting medium and remains on the slide only if the slide is stored in 

a horizontal position.

(3) The adhesive of a label may dry out, such that the label detaches and collects somewhere if slides are stored 

vertically (Goodway 1995). In this way, a slide may lose the primary information, which makes the 

preparation valuable scientifically.

(4) Inspection of vertically stored slides takes considerably more time and effort, because each slide has to be 

taken into the hand and checked individually. In horizontally stored slide collections, problems with a slide 

can be seen at a glance without even touching the preparation (comp. Fig. 1C–E, G with Fig. 1I).

Vertically stored microscope slides are housed in envelopes individually at the Natural History Museum, 

London in order to protect them from dust and physical damage, in the past in envelopes made of manila, currently 

in envelopes made of archival-quality polyester (Eastop 1985; Brown 1997). Nowadays, only type material seems 

to be housed in envelopes. Mounting the envelopes and inscribing them with the specimen data is quite time-

consuming (Brown 1997). There is also a risk of damaging a slide while placing it into the envelope. Also, every 
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profiling requires the profiler to take the slide out of its envelope and put it in again. Wagstaffe & Fidler (1955, pp. 

198–199), Hooper (1986b), and Brown & Boise (2005, 2006) suggested glueing a piece of cardboard with the label 

thicker than the mount left and right of the coverslip in order to physically protect the mount centrally on the slide 

(for drawbacks see chapter 3.9 Labels). Oosten (2002a) emphasized that plastic degradation is generally 

accelerated in microclimates. The senior author of this paper is not fully convinced that the advantages of 

envelopes outbalance their disadvantages. For horizontally stored slides such measures are not regarded as 

necessary at all.

The Senckenberg Forschungsinstitut und Naturmuseum Frankfurt stores microscope slides of the collection of 

comparative histology horizontally on cardboard trays either in custom-made wooden cabinets or in cabinets with 

drawers made for pharmacies (Gudo et al. 2012). Some of the cardboard trays include a cardboard top, because 

several trays are stored on top of each other. This system of storage makes access to the collection more difficult, 

but the collection is not used for research including loans.

In the curatorships Crustacea, Marine Invertebrata, and “Vermes”of the Museum für Naturkunde Berlin, 

microscope slides are stored horizontally on open cardboard trays in a more recent and five old custom-made 

wooden cabinets, each with 80 drawers (Fig. 1A–C). One drawer takes three or four cardboard trays depending on 

to what extent the trays bend in their central area. The cardboard trays are not of archival-quality yet, and one 

cabinet is made of oak, so there is potential for improvements.

Less recommendable is storage of microscope slides in boxes holding commonly 25, 50, or 100 slides in a box, 

but this is sometimes suggested (Wagstaffe & Fidler 1955, p. 197; Martin 1978; Heikinheimo 1988). Although this 

is a quick way of building up a collection because of the easy availability of the boxes, such a box is not very safe 

against opening it from the wrong side leaving a mess of slides, and probably also broken slides, on the table if not 

on the floor (Goodway 1995; Brown 1997, 1998; Gütebier 2011). Also, each box should stand upright on end in 

order to allow horizontal storage of preparations (Wagstaffe & Fidler 1955, p. 197; Martin 1978; Brown 1998; 

Gütebier 2011). Profiling of slides stored in boxes is especially impractical, because every box has to be opened 

and every slide has to be taken out and inspected individually.

3.2.5 Taxonomic arrangement

In the entomological collection of the Natural History Museum in London, vertically stored microscope slides are 

arranged by supraordinated taxon and then alphabetically by family, genus, and species thus replacing a separate 

index card catalogue (Eastop 1985; Brown 1997). A similar approach was taken by Heikinheimo (1988). In the 

curatorships of the marine invertebrates and “worms” of the Museum für Naturkunde Berlin, horizontally stored 

slides are arranged by supraordinated taxon and then by catalogue number. The latter system allows the curator to 

ignore systematic changes over time but requires cataloguing of the specimens.

3.2.6 Multiple-specimen slides

Particularly acarologists, nematologists, and parasitologists show a tendency to mount several individuals on a 

single microscope slide (e.g., Essig 1948; Hooper 1970, 1986a; Eastop & Emden 1972; Jeppson et al. 1975, p. 392; 

Heikinheimo 1988; Amrine & Manson 1996). This practice is advocated with arguments like “taxonomic skills are 

enhanced by recognizing the presence of more than one species or form on a slide”, “difficulty of keeping [...] 

mites centered, of finding them on the finished slide, the possibility that the quality of clearing and orientation of 

the mites may be less than desired” (Amrine & Manson 1996, p. 393). Jeppson et al (1975, p. 392) claimed that 

multiple specimens on a slide “will sharpen the perception of the taxonomist” to segregate different species in a 

mount. However, multiple specimens on a single slide represent a major disaster from a curatorial point of view. 

The specimens may not belong to the same species and, therefore, require different catalogue numbers. But often, 

little space is left for a label or placing the catalogue number(s) with a diamond-tipped engraving scribe on a slide 

(Fig. 3G). Sometimes, a type specimen is indicated on a multiple-specimen slide with a “permanent” marker, which 

may get lost over time (comp. also chapter 3.9 Labels). Therefore, the senior author can only strongly recommend 

mounting only a single specimen on each slide (see also Mound & Pitkin 1972) or even mounting the parts of one 

specimen on several slides (Bretfeld 1991).
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FIGURE 1. Storage of slide collections at the Museum für Naturkunde Berlin (A–E) and National Museum of Natural History, 
Washington, D.C. (F–I). A–D. Wooden cabinets with drawers and cardboard trays for horizontal storage. Note replacement 
label for slide on loan (D) and slide mounts of Aphidina between two coverslips previously stored with insect on needle (E, 
arrows mark holes from needle in cardboard envelopes). F–I. Metal cabinets composed of several units by Technicon (F–H) 
and Fisherbrand™ (I). G. Metal tray with holes (arrows) for easy access to standard slides from below. Arrowheads mark bent-
up slide holders. H. Frontal view of opened single unit. I. Dense vertical storage of slides of similar size. Photographs F–I

courtesy of Cheryl Bright. D–F: macro lens.
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Mouth parts and legs of arthropods are often dissected and mounted on a microscope slide. Sometimes, each 

body part is covered with a small circular coverslip (Martin 1978, p. 157; Noyes 1982, fig. 9) instead of covering 

the entire ensemble with one large coverslip, which is less prone to damage at its edges than several small 

coverslips (Fig. 2C, E). One large coverslip is also easier to clean than multiple small ones. The problem of 

mounting several body parts while keeping a favored orientation can be easily overcome by applying a small 

amount of mounting medium, orientate the body parts as preferred, let this dry for some time, and finally apply the 

coverslip with some fresh mounting medium (Moseley 1943a; Hamond 1969; Tagestad 1976; Noyes 1982; 

Koomen & Vaupel Klein 1995). In this way, the body parts will stick to the basal medium and will not move 

anymore. Body parts may also be fixed to the coverslip in the ways described previously and later mounted on the 

glass slide by inverting it in a drop of Canada balsam. In this way, the specimen is closest to the coverslip, and the 

mount offers best resolution (Moseley 1943a). Monk (1938) suggested using a mixture of dextrose (Karo corn 

syrup) and fruit pectin (Certo) to fix body parts to the glass slide before mounting in Euparal, but this solution may 

lead to conservation problems over time because of incompatible chemicals. 

3.3 Collection management

3.3.1 Profiling of slide collection

The senior author of this paper strongly recommends inspecting microscope slide collections regularly (Hooper 

1986b) by profiling (Tab. 2) as should be done with every other storage of natural history specimens be it in a wet 

or in a dry collection. A profiling interval of about 10–15 years is suggested, control of specimens mounted in 

glycerol may be conducted about every 5 years (Tab. 14). These intervals are not based on scientific criteria yet but 

may allow recognition of upcoming damage early enough to be able to react properly to a problem.

The Smithsonian Collections Standards and Profiling System offers a detailed system of 10 levels for the 

evaluation of the curation status of natural history collections, viz, material conservation (level 1), specimen 

accessibility (levels 2–4), physical organization (levels 5–6), data capture (levels 7–9), and scientific voucher 

material (level 10) (McGinley 1989: pp. 20–21, 1992, p. 311). Especially the higher curation levels require in the 

senior author’s opinion considerable familiarity both with collection management and with the taxonomy of the 

respective group. Also, the original suggestions concentrate on assessment units such as insect boxes. In this 

article, a slightly different approach is presented for the assessment of slide collections (Tab. 2). We focus more on 

those aspects, which can be observed directly on the slides by students after a limited time of training. Aspects like 

discoloration of histological sections in the periphery of a slide are not a subject of the profiling, because this 

situation cannot always be recognized satisfyingly at a glance and the problem may not be overcome in a 

straightforward approach. In addition, a slide collection is evaluated on the basis of individual slides. Otherwise, 

the amount of work would be grossly exaggerated, because certainly every tray of about 40–50 slides will contain 

level-1 slides. The worksheet suggested here also offers the advantage that achieved goals like restoration of slides 

can be entered in the form sheet in the fields marked in grey at any time (Tab. 2).

Generally, a recording person will assess the microscope slides with the help of a worksheet offering various 

physical and curation conditions of a cabinet, tray, and slide (Tab. 2). The most alarming level 1 (= danger of loss 

of primary information) is recorded most intensely, because here the need for action is most urgent, and the time 

required for improving the situation is especially high. Curation levels 2–4 and to some degree 8 can also be 

gathered directly from a slide by checking for a catalogue number and for the identification to different taxonomic 

levels (Tab. 2). Usually, original labels of slides are not removed, and new labels or new determination results 

cannot be added on an existing label because of limited space on the slide. Therefore, curation levels 5 and 6 are 

often not reached on a slide itself but in the catalogue and database. Curation levels 7–10 can only be accessed 

from the written catalogues or from the collection database but not from the microscope slide itself. Therefore, 

these curation levels are not part of the assessment worksheet.

3.3.2 Loan of slides

Microscope slides from museum collections are often given on loan to other scientists. The slides should be padded 
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with cotton wool, soft laboratory tissue, or bubble wrap in order to avoid rattling in the slide box. In addition, the 

entire box should be well-padded and sent in a larger parcel (Martin 1978, p. 121; Pritchard & Kruse 1982; Hooper 

1986b). If slides are shipped in a hinged cardboard tray for one, two, or several slides, a rubber band around the 

slide at each label will prevent the coverslip from touching the cardboard surface and moving if the medium has not 

dried sufficiently (Amrine & Manson 1996, p. 395). Top and bottom sides of such cardboard trays should also be 

closed by a piece of tape and the top side indicated in order to avoid broken slides during unpacking. The loan form 

sheet plus proper declaration (inter alia the popular name of the taxon mailed and a statement that the material 

represents a museum specimen, has been initially fixed in formaldehyde, is not infective, and is of no commercial 

value) should be both included inside the parcel as well as attached outside for customs inspection. This may be 

self-evident, but experience teaches us it is not, thus customs inspection and subsequent veterinary inspection will 

delay delivery of a parcel and cost extra money for the unnecessary veterinary inspection (Neuhaus pers. obs.). The 

senior author suggests indicating the missing slides on the tray of the sending collection with a piece of paper 

noting the specimen’s name, catalogue number, borrower, and the date of loan (Fig. 1D). Especially careful staff 

may want to photograph each slide before it leaves the museum for a loan in order to have some documentation of 

the original label in case the slides gets lost during the loan. Alternatively, entire trays with horizontally stored 

slides could be photographed as a prevention or even the entire slide collection, but this would require a 

considerable amount of time—and the question becomes how much time is one willing (or allowed) to devote to 

such tasks, while the slides with the original specimens may be deteriorating.

Scientists receiving specimens on loan may want to make microscope slide mounts from material previously 

stored in ethanol. The senior author suggests that the lending institution insists on mounting the specimens in a 

medium, which is known either to last for many decades such as neutral Canada balsam and Euparal or to be 

reversible like glycerol-paraffin mounts. If slow-drying media like Canada balsam and Euparal are used, the freshly 

made microscope slides must be allowed to dry entirely before shipping, preferably in an oven or on a hotplate 

(Brown 1997; Amrine & Manson 1996; Neuhaus pers. obs.); otherwise the coverslip may move, and the mount be 

spoiled. Plastic strips as are often used for mounts of insect genitalia must be avoided under all circumstances. With 

the help of these general guidelines, the situation would improve at least for future microscope slides in a 

collection.

Recently, the Museum für Naturkunde Berlin established in the frame of a pest management program a 

quarantine and freezing station for incoming parcels with special attention to entomological items returned from 

the borrower. Material from wet collections and microscope slides are excluded from this practice, because both 

mounting media (Brown 1997, p. 6) and coverslip seals containing polymers (Shashoua 2008, p. 203) would suffer 

from shrinkage or formation of large hexagonal ice crystals, which pierce cell membranes and the like during the 

freezing process (Florian 1990; Allington & Sherlock 2007a, 2007b). The latter authors demonstrated that damage 

occurred already after freezing coverslip seals just a few times. The consequences of these processes have already 

been recognized at the Natural History Museum in London (Brown 1997).

3.3.3 Cleaning of slides

Microscope slides require cleaning depending on how well the cabinet protects against dust and how intensely the 

collection is used. Dust, glass particles abraded from specimen slides, flakes of the microscopist’s skin, fibers from 

clothing, pollen, fingerprints, grease, remnants of immersion oil, and the like (Zölffel 2011) can be removed with a 

rubber dust blower or a fine brush; subsequently, a dry disposable soft lab tissues can be used or a tissue wetted 

with distilled water and in more persistent cases with ethanol without drowning the slide in the liquid (for more 

details see also chapter 3.12.2 Optical surfaces, immersion oil; Gütebier 2011; Gudo et al. 2012). Garner & Horie 

(1984) favored Draft-Clean, a powdered art rubber, for cleaning slides of grime. Also, absorbent purified cotton 

wool rolled on a skewer (Fig. 27A) can be applied successfully (see also chapter 3.13.2 Optical surfaces, 

immersion oil; Zölffel 2011). Immersion oil is best removed first with a disposable lab tissue and subsequently 

with ophthalmic cotton wool and ethanol (Kämpf pers. obs.). Gütebier (2011) advocated handling of slides 

exclusively with a pair of forceps enwrapped at its flat tips with protective adhesive tape; this seems to be a bit 

impractical in everyday scientific work. He also recommended not to wipe slide surfaces, but only to roll wetted 

cotton wool over slides. In the senior author’s experience this is often not sufficient to remove the dirt, especially if 

cleaning has not been done for an extended period of time.
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3.3.4 Documentation and curation

Mounting medium and coverslip seal used for a specific specimen should be documented in the registry catalogue/ 

database (Tab. 14) but often are not. This makes later restoration efforts tedious. In a separate paper, we address the 

use of a modern non-destructive method for identifying unknown mounting media and coverslip seals, which 

would significantly simplify the correct choice of restoration technique (Schmid et al. 2016; comp. chapter 3.10 

Restoration procedures).

 Cushing (2011) estimated that curation of a collection of 10,000–20,000 microscope slides required at least 

one half-time position of permanent staff plus a part-time student assistant.

3.4 Slides

3.4.1 History of slides

In the late 17th century, small specimens were usually observed mounted on vertically oriented sliders made of 

ivory or hardwood. Each slider contained a series of holes, in which the specimens were placed between two pieces 

of mica, a sheet silicate consisting of the mineral muscovite. The slider was moved from one hole to the next hole, 

hence the name slider and its successor, the slide (Tab. 1; Smith 1915; Bracegirdle 1978, p. 18, text-fig. 4, color 

plate 1; Gill 2013, p. 42). Later, the ivory and hardwood were replaced by a strip of glass with or without a 

coverslip made of mica or thin glass in order to reduce evaporation of liquid mounts. Gütebier (2011) claimed that 

until the middle of the 19th century coverslips were prepared from selenite, a derivate of gypsum. The first glass 

coverslip was introduced in 1789 by Ingen Housz, but common use mainly for fluid mounts was not before about 

1835. It seems that coverslips were applied to turpentine-cleared specimens mounted in balsam at and after 1843

(Tab. 1; Bracegirdle 1978, pp. 23, 113–114). At this time, microscope slides of various sizes were used and studied 

now in a horizontal orientation, and it was not before 1839 that the provisional committee of the later Royal 

Microscopical Society of London fixed the size of glass microscope slides for its own collections to 3 inches by 1 

and to 3 inches by 1.5 (Tab. 1; Bracegirdle 1978, pp. 111–112; Gill 2013, p. 42). These sizes became quickly the 

standard in England, probably also because of commercial interests of mounting companies. Nevertheless, several 

different sizes continued to exist in Europe until about the late 1880s (Smith 1915; Bracegirdle 1978). Extra-broad 

slides are still used nowadays for large histological sections.

3.4.2 Variety of slides

Nowadays, a considerable variety of microscope slides can be met beside the size of the standard glass slide (76 

mm x 26 mm = 3 inch x 1 inch) in larger museums. Slides may vary in length, width, and thickness, e.g., 75.5 mm 

x 26 mm x 3.6 mm, 48.5 mm x 27.4 mm x 2 mm (= new Gießen format), 88 mm x 45.2 mm x 1.2 mm (Figs 2A–H, 

3A–G; Bracegirdle 1978, p. 112). Thick slides may lead to problems with correct Köhler illumination (see chapter 

3.12 Study of specimens and documentation). Historical, rather unusual slides have been mounted in the 19th

century on irregularly shaped pieces of glass and painted in the worm collection at Berlin (Fig. 2H) or as double-

coverslips on a thicker cardboard (Fig. 4G, H) or between two fused thin pieces of cardboard (Fig. 4F). Especially 

the latter microscope slides and short slides (Fig. 3A–E) are difficult to handle on a modern microscope table with 

its spring holder, so a larger aluminium supporting slide is needed for study. Home-made two-coverslip mounts 

fastened with paper strips or labels in the worm collection at Berlin include also frames made of wood (Fig. 4I) or 

plastic (Fig. 4D, E). These types of slides are not very useful, the former because the wooden frame is very thick 

and problematic to get correct Köhler illumination, the former and latter because the coverslip detaches easily from 

the frame or may bend or distort over time (Fig. 4C, E, H; see also Higgins-Shirayama slides in chapter 3.4.4 

Double coverslip mounts). Humes & Gooding (1964) suggested using softwood with a central hole of 15 mm 

diameter as slide and imprint a rim of 4 mm with a metal stamp. The larger coverslip with a 22 mm diameter was 

supposed to be fixed with glue or nail varnish. In contrast to the Cobb aluminium slide and the Higgins-Shirayama

slide, the technique of Humes & Gooding (1964) requires the second coverslip to be mounted on the reverse side of 
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the slide. The disadvantage of this method is that less lateral space is available for manipulating the smaller 

coverslip. Wooden slides cannot be recommended here for permanent slides at all because of the inherent 

deterioration processes in the wood (see discussion of cabinets in chapter 3.2 Storage).

FIGURE 2. A, D. Cestode (A) and nematodes (D) on oversized blue and white-opaque glass plates, respectively; before 1901 

by Borchmann (A) and 19th century by an unknown person (D). Specimen in A without coverslip. B, C, E, G. Histological 
sections of flatworms (B, E, G) and oligochaete (C) on oversized glass plates; before 1927 by Schulze (B), before 1897 by 
Michaelsen (C), before 1914 by Böhmig (E), and in the 1980s in DPX in the lab of Sluys (G). Label in C glued and covered 
with mounting medium. Self-adhesive label in G with glue having migrated through the label indicated by dark spots on the 
surface of the label. F. Hirudinea on large glass plate with top glass bars; before 1917 by Weltner. Notice yellowed mounting 

medium in periphery of coverslips in B–F. H. Cestodes on painted pieces of glass; middle of the 19th century by Küchenmeister. 
A–H: macro lens. Scalebars: A–H, 5 cm.
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FIGURE 3. Small-sized (A-E) or otherwise unusual slides (F-K). Notice bottom (A, arrowheads) or top glass bars (C, F, H), 
thick cardboard labels (D, G, I, K), label extending beyond glass slide (F, arrowheads mark end of slide), yellowed mounting 
medium in periphery of coverslips (G), and slide with top glass slide instead of coverslip (J). Coverslip mounted on pieces of 
glass as spacer (H, arrowheads). K. Trematode mounted between two glass bars (black arrowheads) under coverslip (white 
arrowheads mark coverslip margins); broken glass slide repaired with the help of a 2nd lower glass slide, cracks of upper slide 
indicated by black arrows. Specimens mounted in glycerol (now dry) 1868 by von Nathusius (A), in unknown media1888 by 
Stuhlmann (B), in the 19th century by Krabbe (C), before 1917 by Weltner (D), before 1918 by an unknown person (F), before 
1914 by von Linstow (G), before 1918 by Gaffron (H), between 1904 and 1927 by Zelinka (I), between 1906 and 1937 by 
Wilhelmi (J), and before 1897 by Thoss (K). A-K: macro lens. Scalebars: A-K, 2 cm.
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FIGURE 4. A-I. Double-coverslip slides with frames of different materials: aluminum (A, Cobb slides), plastic (B, C: 
Higgins-Shirayama slide with rectangular opening in B and circular opening in C; D, E: aged plastic, coverslip held in place by 
label paper and detached in D, see arrowheads), thin (F) or thick (G, H) cardboard, and wood (I, coverslip held in place by 
paper strips). Notice that certain types of plastic and cardboard slides bend upwards centrally (C, E, H) or get easily distorted 
(D). J. Stains faded and unknown mounting medium yellowed in the periphery of the coverslip. K. Slide with cardboard labels 
and spacer consisting possibly of coloured paper tissue. Mounted as glycerol-paraffin mounts between 1999 and 2010 by 
Neuhaus (A), in Hoyer’s medium between 2000 and 2001 by Song and Chang (B) and between 1998 and 2004 by Higgins (C), 
in Canada balsam after 1925 by Schultze or Heider (D, probably E), in gum dammar dissolved in xylene after 1925 by Heider 
(F-H), and between 1874 and 1890 by Marenzeller (K). A-K: macro lens. Scalebars: A-K, 2 cm.
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FIGURE 5. A. Glycerol-paraffin mount with spacers (arrowheads), probably some kind of modelling clay; made between 2000 
and 2007 by Rückert. B, C. Glycerol mounts with metal spacers (B, arrowheads) and cavities because of evaporation of 
glycerol (C, arrowheads), sealed with a white varnish; early 1920s by Micoletzky. D, E. Pieces of epidermis and cuticle of 
nematomorphs; early 1930s by Heinze. Notice lack of coverslip (D) and coverslip fastened to slide with adhesive tape (E, 
arrowheads) and a small amount of a mounting medium. F. Unfinished histological sections still in paraffin, unstained, and 
without coverslip; early 1920s by Arndt. G. Specimen information inked on glass slide and covered with mounting medium and 
coverslips; before 1932 by Eckmann. H. Specimen information written with a “permanent” marker on glass side, partly wiped 
off during cleaning of slide with lab tissue; after 1974 by Kanev. I, J. Slides with self-adhesive labels; glued on back side of 
slide, and coverslips adhered with mounting medium to aluminum frame (I); mounted in Malinol between 1995 and 2004 by 
Schmelz (I) and in an unknown medium in 1996 by Erséus (J). K, L. Surface of dry borosilicate coverslip (K) and of wet soda-
lime glass slide (L) of same slide at same spot (note white crystal in mounting medium marked by asterisk). A-J: macro lens; 
K, L: DIC. Scalebars: A-J, 2 cm; K, L, 500 µm.
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Older slides often reveal a pair of thick glass bars on top (Figs 2F, 3C, F, H) or below the slide (Fig. 3A) or a 

thick cardboard label (Fig. 3D, G, I, K). Possibly, these structures served to protect the coverslip and mount if slides 

were stacked on one another.

Polystyrene slides like Permanox™ can only be used with water-based mounting media and will warp if 

exposed to organic solvents for an extended period of time. Such slides cannot be recommended for mounts of 

taxonomic importance, because the polystyrene will degrade inevitably and much quicker than glass slides.

In some entomological collections of the Museum für Naturkunde Berlin it has been practice to mount the 

genitalia of a specimen between a square basal and a round top coverslip, to protect the coverslip mount with a 

rectangular thin cardboard sleeve, and to pin this ensemble with a needle below the body of the specimen (see also 

Brown 1997, p. 4). These microscope mounts have been removed from the insect boxes and stored in a regular 

cabinet for microscope slides for quite some time now (Fig. 1E). In other collections, the genitalia of a specimen 

are still mounted with Canada balsam or Euparal covered by a small piece of a coverslip on a narrow strip of plastic 

and attach the strip to the needle together with the insect and the labels. The genitalia on the strip are occasionally 

re-mounted by dissolution of the medium in xylene and re-mounting in the medium if a different orientation of the 

genitalia is necessary for examination (Jäger pers. com.). A strip of celluloid holding a mount of insect body parts 

between two coverslips has been known for a long time (Imms 1929, pp. 166–167; Martin 1978, pp. 104–105). 

Celluloid is a cellulose nitrate polymer with the volatile plasticizer camphor (for conservational aspects see chapter 

3.8.9 Nail varnish). Plastic strips seem to have been introduced in German-speaking countries in the 1970s (Jäger 

pers. com.) and consist originally of cellulose acetate; trade names are Ultraphan in Germany and Acetat in 

Switzerland (Besuchet 1974, p. 306). This cellulose acetate seems to possess a degree of substituted hydroxyl 

groups by acetate at an average of two. Cellulose acetate oxidizes at room temperature and becomes more brittle 

over time (Horie 2011, p. 213). Cellulose acetate strips used by C. Besuchet in the Coleoptera collection of the 

Museum für Naturkunde Berlin last at least 40 years (Jäger pers. obs.). Other kinds of plastic strips in the 

Coleoptera collection became brittle or twisted considerably over time. These developments make handling and 

observation of the mounts extremely difficult if not impossible. Probably for these reasons, this method has been 

rejected earlier (Robinson 1976) and has now been abandoned at the Natural History Museum in London (Brown 

1997, p. 4, fig. 10).

3.4.3 Glass slides

Standard glass microscope slides should comply with DIN ISO Norm 8037/I, should have a size of 76 mm x 26 

mm at a thickness of 1–1.2 mm, and are usually manufactured from hydrolytic class 3 soda-lime glass. These slides 

possess a low iron content and are cleaned, extra white, and free of surface defects, inclusions, streaks, and bubbles 

(e.g., Menzel-Gläser, Microcrown glass for microscope slides) (Tabs 12, 14). Older slides in museum collections 

often consist of a considerably lower quality of glass with streaks and bubbles and revealing a greenish color if 

seen from the side. The greenish color originates from a mixture of ferrous oxide (FeO) and ferric oxide (Fe
2
O

3
) in 

the glass (Davison 2003, p. 6), which is indicative of a low glass quality with a reduced light transmittance (Al-

azzawi 2013). It is recommended to use slides with ground edges in order to reduce the danger of cuts to the fingers 

during handling and abrasion on the microscope stage (Wagstaffe and Fidler 1955, p. 193).

The surface of the soda-lime glass is hygroscopic and always coated by water many molecule layers thick 

(Davison 2003, p. 206). In the working room of the senior author with regular aeration, the surface of soda-lime 

glass slides stored in a wooden cabinet may be covered by visible drops of liquid (Fig. 5L), whereas the 

borosilicate glass of a coverslip on the same slides and slides made from poly(vinyl chloride) do not reveal visible 

drops of liquid (Fig. 5K), which is in accordance with experimental data for glasses of different composition 

(Adams 1984, fig. 15). This phenomenon has not been observed in the slightly colder and dryer storage area of the 

slide collection. Generally, soda-lime glass decays over time, both through corrosion by liquid substances and 

through weathering by atmospheric gases and vapors, because sodium and potassium cations of the respective 

oxides in the glass are able to freely move within the glass network (Davison 2003, pp. 3–6, 173–176; Melcher et 

al. 2010). The cations react with moisture from the air or with water to sodium hydroxide resulting in leaching of 

the surface and increasing alkalization, which will, above a pH of 9, finally lead to a breakdown of the silicon-

oxygen bonds and consequently of the glass network (Newton 1985; Davison 2003, p. 175; Melcher et al. 2010). 
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Weathering may happen via sodium hydroxide reacting with carbon dioxide to sodium carbonate, which deposits 

as a crust on the glass surface (Davison 2003, p. 190; Sturm 2006). These chemical transformations may occur 

already at 20% relative humidity (Sturm 2006). The leached surface of glass has been termed inter alia alkali-

deficient layer, silica-rich layer, or hydrated gel layer (Newton 1985; Davison 2003, pp. 174, 195–196; Melcher et 

al. 2010). Borosilicate glass, which contains significantly less sodium oxide than soda-lime glass, deteriorates at a 

considerably slower rate and loses about 100x less substance in comparison to soda-lime glass in water at 25°C 

within the same time interval (Adams 1984, fig. 16, tab. 2; Newton 1985, fig. 12, p. 33). Therefore, Gütebier (2011) 

suggested using slides made of borosilicate glass, but these are mainly available coated for DNA microarrays (e.g., 

Conzone & Pantano 2004) and would have to be custom-made without coating. He also stated that slides made 

from soda-lime glass at the Gothenburg museum, Sweden, deteriorated significantly and showed dissolution of the 

glass components in high relative humidity; he also illustrated this situation (Gütebier 2011, p. 71, fig. 5). To the 

senior author, his figure 5 does not show deterioration of the glass surface but deterioration of the mounting 

medium with typical cracks and cavities. There is dirt on the glass surface, which appears overly expressed, 

because the condenser aperture seems to have been closed to a degree that diffraction artifacts become visible. In 

the collection of the Museum für Naturkunde Berlin, even old microscope slides do not show obvious signs of 

glass decay like a milky or opaque, rough, iridescent surface, which should be easily recognizable based on the 

senior author’s experience from glass jars in our wet collection (Neuhaus et al. 2012). The absence of unmistakable 

signs of degradation of the glass surface of slides may either result from acidic or neutral attack by humidity and 

acids from the deterioration of wooden cabinets, adhesives, and paints which, in contrast to alkaline attack, does 

not produce cracks and flaking on the glass surface (Melcher et al. 2010). Alternatively, notable glass degradation 

of microscope slides may represent more of a problem under humid conditions and tropical temperatures but less 

so in temperate zones under museum conditions. For this reason, slides designed for applications in the tropics are 

sealed in evacuated aluminum-coated plastic bags and a paper liner between adjacent slides. Remarkably, acids and 

aldehydes originating from the degradation of wooden cabinets in a Scottish museum lead, together with 

fluctuating temperature of 12–25°C and relative humidity of 20–65%, to the deterioration of glass artifacts 

(Robinet et al. 2004). It remains open to what degree microscope slides decay in temperate climates.

Depression slide. With the help of a spherical carborundum tool, Gisin (1968) drilled a depression (3.5 mm 

diameter x 0.2 mm depth, up to 5.5 mm diameter x 0.4 mm depth) into a glass slide of 0.6 mm thickness to 

accommodate a small Collembola in lactic acid; the coverslip is sealed with a mixture of paraffin and lanolin, also 

including or not white vaseline. Slides with depressions of different depths are commercially available for quite 

some time now (Wagstaffe & Fidler 1955, p. 194), so there is no need for home-made solutions anymore. In fact, 

depression slides have been used for mounting rotifers already in the 19th century (Rousselet 1895, p. 11).

3.4.4 Double-coverslip mounts

The problem of insufficient observation of a specimen’s reverse side has been known for a long time and was 

overcome with double-coverslip mounts, where two coverslips sandwich the specimen. This arrangement allows 

the user to flip over the microscope slide and to observe a specimen also from the reverse side. In addition, at least 

modern coverslips are made of borosilicate glass, which is much more resistant to weathering and corrosion than 

soda-lime glass (see chapter 3.6 Coverslips).

Cobb aluminum slide. One of the oldest double-coverslip mounts represents the so-called Cobb aluminum 

slide (Tab. 1; Cobb 1917) in which the specimen is sandwiched between a 24 mm x 24 mm square bottom coverslip 

and a circular, 15 mm diameter top coverslip and mounted between two pieces of medium-thickness cardboard in 

an aluminum frame (Figs 4A, 27C, D; Cobb 1917; Hooper 1970, 1986a; Higgins 1971, 1988). If the lateral edges 

of the aluminum frame are not pressed flat on the two pieces of cardboard, the slide may not be held safely by the 

slide holder on the microscope’s stage and may be flipped from the stage (Hooper 1986b; Neuhaus pers. obs.). This 

problem can be overcome by inverting the aluminum frame during mounting and pressing the edge twice, once 

from the top side and once from the bottom side (Fig. 27D). The slide can be easily dismantled and re-mounted, 

e.g. for restoring processes, because the larger coverslip is only mechanically held in place by the aluminum frame 

and two pieces of cardboard. The Cobb slide is strongly recommended for the light microscope study of total 

mounts of meiofauna and other small invertebrates (see also Hooper 1986b; Bartsch 1988). A further advantage is 
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that the aluminum of the slide frame does not corrode significantly once a layer of aluminum oxide has built and 

protects deeper layers of aluminum against corrosion by water and air pollutants, so this material allows long-time 

storage in museum collections (Tab. 14). The Cobb aluminum slide should be complemented with archive-quality 

labelling paper and medium-thickness cardboard according to DIN/ISO 9706 and archive-quality scripting (see 

chapter 3.9 Labels; Neuhaus 2013). If the cardboard is too thick, high-power objectives may bump onto the 

cardboard, deliver part of the immersion oil to the label, and partly dissolve the inscription (Hooper 1986b; 

Neuhaus pers. obs.). For this reason, the central aluminum edges opposite the coverslip are pinched quite flat and 

the basal coverslip is 32 mm long rather than 24 mm in order “to give more lateral clearance for objectives” at the 

Nematology department of the Rothamsted Experimental Station (Hooper, 1986b, p. 316). No general 

manufacturer of the raw aluminum frames for Cobb slides is known currently, so the frames must either be home-

made (Courtney 1936; Jutras & Tarjan 1961; Mason & Bosher 1963) or produced by a local metalworking 

company.

Higgins-Shirayama slide (H-S slide). More recently, the Higgins-Shirayama slide (H-S slide) slide was 

developed by R. P. Higgins and Y. Shirayama. This microscope slide possesses the size of a standard glass slide and 

consists of two pieces of plastic fused together and revealing a central circular hole, 16 mm in diameter in the lower 

element and 18 mm diameter in the upper element (Fig. 4C; Westheide & Purschke 1988). Subsequently, 

Shirayama et al. (1993) describe a similar slide but consisting of a single piece of acrylic plastic with a rectangular 

central hole. A larger hole 23 mm x 25 mm seems to be cut out over a smaller hole16 mm x 22 mm (Fig. 4B). This 

later variation offers the advantage of using high-power immersion oil-lenses even if the specimen is not located 

exactly in the center of the hole, because the hole is wider and the front end of the objective does not collide with 

the edge of the plastic frame. Both variations of the H-S slide can be flipped over and a specimen can be studied 

from its reverse side. Unfortunately, the plastic H-S slide with the circular hole bends significantly upwards in its 

central area after several years (Fig. 4C) and becomes extremely difficult to handle on a microscope’s table, 

especially from the reverse side (Neuhaus 2013). We suspect that the bending originates from the fusion (glue?) of 

the upper and lower plastic frame of the slide. Also, re-mounting for restoring purposes is more difficult, because 

the larger coverslip is glued to the lower part of the slide. The later variation with the rectangular hole does not 

seem to bend like the frame with the circular hole, probably because it consists of a single piece of plastic. 

Generally, this type of microscope slides is not suitable for long-time storage in a museum collection, because any 

plastic material will inevitably deteriorate after a couple of decades and certainly much quicker than glass.

3.5 Spacers

Spacers allow construction of microchambers for small specimens and even to roll a specimen around its 

longitudinal axis if mounted in a liquid medium (Lillo et al. 2010). Hooper (1986b) strongly advocates extensive 

application of spacers in order to prevent the coverslip from flattening the specimens (here nematodes) too much if 

the medium sets over time and if immersion oil objectives are used. However, care should be taken to select 

archive-quality materials like paraffin wax (see chapter 3.8.11 Paraffin), fiberglass, glass rods drawn out in a 

Bunsen burner, pieces of a broken coverslip (Fig. 3H, K), or gold wire; only pieces of one and the same coverslip 

should be used as spacers for a given microscope slide, because different coverslips vary in thickness (Moseley 

1943a, 1943b; Newell 1947; Wagstaffe & Fidler 1955, p. 195; Spinell & Loveland 1960; Norris 1961; Hooper 

1970, 1986a, 1986b; Martin 1978, p. 142; Gerakaris 1984, p. 262; Huys & Boxshall 1991, p. 452; Hooper et al.

2005; Orajay 2005a, 2005b; Jersabek et al. 2010; Lillo et al. 2010). It remains open whether aluminum wire 

(Bassett 1941; Sanderson 1994, p. 152) and aluminum foil (Fig. 5B; Stosch 1974, p. 135) may or may not react 

with a given mounting medium. Transparent fishing lines made of polyamide come in different diameters from 

0.1–1 mm thickness and are recommended as spacers for both water- and hydrocarbon-soluble media (Gleiss 

1967). The use of nylon in conservation has been discussed controversially (Horie 2011, pp. 194–196). Paper or 

thin cardboard soaked in soft paraffin (Spence 1940b), in the mounting medium (Fig. 4K; Gatenby & Beams 1950, 

p. 218; Wagstaffe & Fidler 1955; Martin 1978, p. 106; Brown 1997), or in the coverslip seal (Gray 1954, p. 12), 

gummed paper (Russel 1950), strips of celluloid (Wagstaffe & Fidler 1955, p. 194; Brown 1997), kapok and wool 

fibers (Jeppson et al. 1975; Lillo et al. 2010), modelling clay (Fig. 5A; Webb 1997), and a red rubber ring cemented 

with goldsize (Ward 1953) certainly do not qualify for long-time storage (for deterioration of plant material see 
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also chapter 3.2.2 Cabinets), although some of the rubber ring-goldsize mounts may last more than 50 years 

(Spence 1941b; Ward 1953). Self-adhesive office aid reinforcers suggested by Foulkes (1983) also do not belong 

into the category of durable spacers, both because of the adhesive and the plastic material. Heating the reinforcers 

and the chemicals involved in the preparation process twice for eight hours each (Foulkes 1983) does not really 

represent a proof for stability over decades. 

3.6 Coverslips

One of the earliest British companies producing coverslips (= cover glasses) in 1840 is Chance Brothers and Co., 

Ltd. (Tab. 1; Anonymous 1941; Bracegirdle 1978, p. 113). Originally, coverslips were produced from soda-lime 

glass, because borosilicate glass was first invented by Otto Schott in the late 19th century. All glass coverslips until 

about 1928 “would not withstand tropical conditions without becoming cloudy” (Anonymous 1941); this statement 

may indicate their composition of soda-lime glass, which is considerably less resistant to deterioration under humid 

conditions. Nowadays, glass coverslips are extra white, highly transparent, colorless, free of blisters and flaws, and 

made from hydrolytic class 1 borosilicate glass D 263™ (e.g., Menzel-Gläser, Tabs 12, 16). Dimensional 

tolerances, thickness, optical properties, etc. are standardized by DIN ISO 8255-1 and ASTM Standard E211 (Gill 

2013, p. 282;  Available from: http://www.menzel.de/files/coverglass-d-263-m-en.pdf, accessed 19 January 2016). 

The refractive index of coverslips seems to vary (Tab. 4; Setterington 1953, tab. 1; Spinell & Loveland 1960, tab. 3; 

Norris 1961; Loveland & Centifanto 1986, p. 225). Coverslips come in different ranges of thickness indicated by a 

number, usually 0, 1, 1.5, 2, and 3, other thicknesses are nowadays available from a manufacturer on request (Tab. 

3; Adam & Czihak 1964, p. 158; Sanderson 1994, p. 197). The coverslip thickness of a given number varies with 

the manufacturer and even within a batch (Tab. 3; Wagstaffe & Fidler 1955, p. 195; Spinell & Loveland 1960; 

Norris 1961; Thornton et al. 1985). Older coverslips may also vary in thickness within one and the same specimen 

(Spinell & Loveland 1960; Norris 1961). For these reasons and because several manufacturers around 1952 

indicated the thickness of their coverslips would be 0.18 mm, the Standards Committee of the Royal Microscopical 

Society specified the desired thickness of coverslips to 0.18 mm in 1953 (Setterington 1953). Thornton et al.

(1985) claimed that in the 1980s American, British, and Japanese microscope manufacturers corrected their 

objectives for a thickness of 0.18 mm (see also White 1974; Gill & Frost 1982), but this cannot be confirmed for 

microscopes from Nikon and Olympus for the 1980s and later based on images of such microscopes seen in the 

internet and comments received from Olympus Deutschland GmbH and Nikon GmbH (Kunerth pers. com.; Wilke 

pers. com.; Neuhaus pers. obs.). Continental microscope manufacturers like Leica/Leitz, Wild, and Zeiss correct at 

least their post-World War II objectives consistently for 0.17 mm thickness (Gill & Frost 1982).

Several aspects influence the quality of the microscopic image. Objectives are generally optimized concerning 

their resolution and contrast for a coverslip of 0.17 mm thickness and for the plane of focus immediately below the 

coverslip (Gibson & Lanni 1991; Lacey 1999; Keller 2006), except if the objective can be used with or without a 

coverslip. However, older and recent (plan)achromatic objectives with a nA < 0.5 as well as older Neofluar 

objectives with a nA < 0.5, e.g., objectives designed by Zeiss for a tube length of 160 mm, can usually be used with 

or without a coverslip, whereas most higher corrected objectives like Plan-Neofluar and Plan-Apochromat for 

biological studies with transmitted light and microscopes showing an infinite tube length require now a coverslip

(e.g., see Zeiss Online Shop > Objective Assistant:  Available from: https://www.micro-shop.zeiss.com). With 

increasing distance from the coverslip and with a biological specimen and a mounting medium both possessing a 

different refractive index than the immersion oil, contrast and resolution decrease significantly; spherical 

aberration is obviously already different at a focal depth of 4 µm in comparison to 0 µm using a planapochromat 

63x/1.4 oil immersion objective (Keller 2006, p. 147, fig. 7.6). The situation may become worse if the wrong 

coverslip thickness or the wrong type of immersion oil is used or if the layer of the mounting medium is too thick 

(North 2006, p. 13). In addition, because of the different refractive indices of different cells and their components, 

the plane of focus does not really represent a “plane” (Pawley 2006). Also, a total mount of a specimen in a 

permanent mounting medium commonly bulges the coverslip slightly upwards (Woelke & Göke 1984, p. 212; 

Hooper 1986b, p. 318) and consequently changes the plane of focus slightly; this can be observed if the slide is 

held obliquely with light radiating from a side. A coverslip may be wedged revealing a thickness difference of up to 

80 µm across 22 mm (Spinell & Loveland 1960, p. 61; Norris 1961). In accordance with theoretical and 

experimental considerations (Keller 2006; North 2006), a total mount of a (meiofaunal) specimen on a standard 
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glass slide cannot be observed in all necessary detail on the reverse side opposite to the coverslip, knowing that 

individual kinorhynch specimens mounted on microscope slides may range from less than 25–110 µm in thickness 

(Neuhaus pers. obs. on species of Wollunquaderes and Pycnophyes; Gill 2013, p. 283; Neuhaus 2013, p. 308). The 

limitations of standard glass slides can be partly overcome by inverting the glass slide and using long-distance 

objectives (for drawbacks see chapter 3.12 Study of specimens).

Coverslips of the selected thickness of 0.17 mm (No. 1.5H: Tab. 3) are available but more expensive. They are 

usually recommended for confocal laser scanning microscope studies, also because specimens are often mounted in 

liquid media leaving little space between the specimen and coverslip and because depth-dependent changes in 

spherical aberration can be corrected with deconvolution software for a given objective with known optical 

properties (Keller 2006; North 2006). However, such software correction is not available for most objectives using 

white transmitted light in bright field, phase contrast, or differential interference contrast microscopy. Actually, the 

thickness 0.17 mm engraved on an objective refers to the thickness of the coverslip plus the thickness of the 

mountant between the coverslip and specimen (see also White 1974, p. 411; Gill & Frost 1982; Gill 2013, p. 280). 

This layer of mounting medium may comprise a thickness of 5–76 µm measured in various slides with histological 

sections (Aumonier & Setterington 1967; White 1974, p. 417). Consequently, the coverslip should be slightly 

thinner (!) than 0.17 mm (Gill & Frost 1982), especially if information has to be obtained from deeper below the 

surface of the specimen. 

In agreement with Gill & Frost (1982), the senior author therefore recommends to choose No. 1 (nowadays 

usually 0.13–0.16 mm) coverslips, which allows less blurred observations at focal planes deeper below the 

coverslip. A No. 0 (0.085–0.13 mm) coverslip has been suggested repeatedly (Krantz 1978; Hooper 1986a; Martin 

1999; Walter & Krantz 2009), but these seem to be quite thin and would be beneficial only for rather thick 

preparations at the expense of a lower image quality of the specimen area closer to the coverslip. Coverslips thicker 

than 0.2 mm do not allow high aperture, high magnification oil immersion objectives to focus properly on the 

specimen because of their low working distance (Adam & Czihak 1964, p. 158). In any case, a compromise 

between optimal optical quality in a focal plane just below the coverslip and in a focal plane deeper in the specimen 

has to be made by choosing a certain coverslip thickness. In older museum collections, coverslips of a broad range 

of thicknesses can be expected, certainly much broader than mentioned in Table 3. Circular coverslips should be 

preferred over square ones for mounts of small entire specimens, because sealing the mount on a slide-ringing 

turntable with a fine brush is considerably easier and quicker (Wagstaffe & Fidler 1955, p. 193; Travis 1968; 

Hooper 1970; Gerakaris 1984; Sanderson 1994, pp. 203–204; Brown 1997; Hooper et al. 2005; Orajay 2005a, 

2005b). Turntables seem to have been invented about 1850 by Shadbolt (Bracegirdle 1978, p. 115). Abu-Gharbieh 

& Smart (1969) suggested using a small polyethylene bottle instead of a brush for applying Glyceel, a technique 

revived by Wu (1986). The bottle should be stored top-down in order to prevent clogging of the bottle’s orifice.

In the Museum für Naturkunde Berlin, a few microscope slides do not reveal a coverslip, because the slides 

show unfinished, not de-paraffinized, and unstained histological sections (Fig. 5F) or the scientist did not care (Fig. 

5D). Occasionally, a specimen is mounted in air, and the coverslip fastened to the slide with strips of transparent 

tape and a small amount of mounting medium (Fig. 5E). In one case, a specimen was found to be mounted between 

two glass slides (Fig. 3J).

Cheap synthetic resin coverslip alternatives to glass coverslips have been applied since the 1920s, e.g., 

cellophane (a nitrocellulose derivate), Cerric lacquer D.010, Diatex (poly(methyl methacrylate)), gelatin plates, 

poly(iso-butyl methacrylate), Polyflex (a polystyrene), “slide strip plastic spray”, X-ray radiation plates, and 

various lacquers (Kernohan 1928; O’Brien & Hance 1940; Perry 1954; Spinell & Loveland 1960; Streble 1963; 

Zimmerman 1963; Adam & Czihak 1964, pp. 159–161). The synthetic coverslip is applied either as a strip, by 

pouring or dropping the uncured liquid on the slide, or by dipping the slide in a solution of the uncured polymer. 

Coverslips made of polyolefin plastic have been developed for cell biology allowing cells to grow on them. These 

Thermanox™ slides come in different sizes and are 0.2 mm thick (e.g., https://tedpella.com). Synthetic coverslips 

are not recommended for permanent mounts, because the coverslips are quite thick (Thermanox™), of variable 

thickness, vulnerable to mechanical stress resulting in scratches, may interfere with observation under differential 

interference contrast, possess different optical qualities compared to modern borosilicate glass coverslips (Gill & 

Frost 1982), and will deteriorate considerably quicker than any glass coverslip. Diatex is dissolved by various 

immersion oils over time (Streble 1963), but this may be true for other synthetic resins as well.
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TABLE 3. Thickness of coverslips according to various sources.

Coverslip 

No.

Coverslip thickness 

[mm]

Remarks Source

1 0.1016 Chance Brothers and Co., Ltd., March 
1859

Anonymous 1941

2 0.1587

3 0.254

extra thin 0.075−0.100 Chance Brothers and Co., Ltd., 1941

1 0.100−0.167

2 0.167−0.215

0 0.07−0.13 industrial standard Wagstaffe & Fidler 1955, p. 195

1 0.13−0.17

2 0.17−0.21

3 0.21−0.35

1.5 0.152−0.192 Chance Brothers and Co., Ltd., measured Spinell & Loveland 1960

1.5 0.162−0.217 manufacturer Corning, measured

0 0.075−0.10 British classes Adam & Czihak 1964

1 0.10−0.167

2 0.167−0.215

3 > 0.215

0/1 0.08−0.12 German classes: manufacturer O. Kindler

1 0.12−0.17

2 0.17−0.25

0 0.085−0.130 White 1974; Sanderson 1994

1 0.130−0.160

1.5 0.160−0.190

2 0.190−0.250

3 0.250−0.350

0 0.085−0.130 industrial standard Thornton et al. 1985

1 0.129−0.170

1.5 0.160−0.191

2 0.191−0.231

3 0.254−0.320

0 0.088−0.126 measured

1 0.120−0.195

1.5 0.152−0.212

2 0.194−0.235

0 0.085−0.115 manufacturer Menzel  Available from: http://www.menzel.de/
files/coverglass-d-263-m-en.pdf 
(accessed 19 January 2016)

1 0.130−0.160

1.5 0.160−0.190

2 0.195−0.225

1.5H 0.165−0.175 manufacturer Zeiss, high performance 
coverslips

 Available from: https://www.micro-
shop.zeiss.com (accessed 18 March 2016)
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3.7 Mounting media

3.7.1 General aspects of mounting media

Different scientific users express different requirements for a mounting medium: (a) Many taxonomists need to 

mount entire specimens and often want the inner organs to be macerated in order to see cuticular structures more 

clearly, particularly in arthropods. Also, the refractive index should differ from that of glass and from that of the 

specimen. Upton (1993) revealed the noteworthy history of some of the macerating media, the gum-chloral media, 

their formulae, applications, and problems. (b) Especially diatom specialists need a much higher refractive index 

than the regular media offer. (c) Histologists require information about compatibility of stains with the mounting 

medium and a refractive index close to that of the tissue (Lillie et al. 1950, 1953; Gill 2013, p. 262; Ravikumar et 

al. 2014). Lillie et al. (1950, 1953) investigate the suitability of several mounting media for stained histological 

sections. (d) From a curatorial point of view, the following characters should be regarded as essential for a good 

mounting medium of entire biological specimens (see also Brown 1997; Ravikumar et al. 2014):

(1) The medium should reveal a refractive index allowing observation of the finest details of specimens.

(2) A solidifying medium should dry in a way that no cavities develop near the specimen and in the periphery 

of the coverslip originating from the loss of volume because of the evaporation of a solvent.

(3) The medium must not react with either the specimen, a potential stain, or the coverslip seal.

(4) The medium must remain stable over decades and especially not segregate into its components (= 

syneresis) or develop cracks, cavities, precipitations, crystals, and a granular background. The coverslip 

must not detach.

(5) The specimen should be re-mountable in case the slide mount is damaged or problems with the mounting 

medium occur.

The latter two criteria agree with similar general considerations in conservation science (e.g., Davison 2003, p. 

208; Horie 2011, pp. 3–13). Horie (2011, p. 41) also states that “all polymers must be expected to oxidize, either 

quickly or slowly, over time” and suggests inter alia not to use polymers that contain plasticizers (e.g., nail varnish, 

Araldite) and shrink considerably on drying (e.g., gelatin; Horie 2011, p. 105–106). Conservation issues have 

rarely been considered in previous suggestions for ideal mounting media (Scott 1951; Lillie et al. 1953; Loveland 

& Centofanto 1986; Hrauda 1990; Koomen & Vaupel Klein 1995; Brown 1997; Ravikumar et al. 2014).

Mounting media may be grouped into fluid media (e.g., formaldehyde, glycerol, lactophenol) and solidifying 

media. The latter are water-soluble (e.g., Fluoromount G™, glycerol-gelatin, gum-chloral media, poly(vinyl 

alcohol), polyvinyl lactophenol), limited water-tolerant (e.g., Euparal), or hydrocarbon-soluble (e.g., neutral 

Canada balsam, Caedax, DPX/DePeX, Entellan®, Eukitt™) (Tab. 5). Generally, “highly volatile solvents are to be 

avoided if the development of air bubbles is to be prevented” in hydrocarbon-soluble mounting media (Lillie et al.

1950, p. 3). Therefore, xylene and toluene are preferred as solvents over benzene and chloroform (for vapor 

pressure see Tab. 10). Gas bubbles may also develop by drying mounts in an oven as has been reported for Clarite 

and a more recent formula of DPX (Mohr & Wehrle 1940; Göke 2000; Sluys pers. com.). Mounting media based 

on natural resins or ingredients like Canada balsam, Euparal, glycerol-gelatin, Malinol, Styrax, and Venetian 

turpentine as well as Hyrax and some media made of synthetic polymers such as Aroclor®, Caedax, Naphrax™, 

and Rhenohistol usually reveal a strong autofluorescence, whereas some synthetic resins do not like DePeX, DPX, 

Eukitt™, Entellan® new, and Fluoromount G™ as well as glycerol (Spurr 1954, p. 310; Deutsch 1962; Hrauda 

1990; Roe et al. 1991; Göke 2000; Wiggins & Drummond 2007, p. 4). However, fluorescence from aniline blue-

stained plant material does not interfere with the autofluorescence of Euparal (Ramanna 1973). A range of media 

such as Canada balsam, Caedax (not available anymore), DPX/DePeX, Entellan®, Eukitt™, Euparal, Fluoromount 

G™, and Permount™ can nowadays only be purchased from a manufacturer, but originally recipes for most of the 

media were published by scientists (Tab. 5). Few media may be simply mixed in a lab like all gum-chloral media, 

Kaiser’s glycerol-gelatin, and polyvinyl lactophenol, whereas some media require extensive lab work and chemical 

reaction such as Coumarone, Hyrax, Naphrax™, and Pleurax (Tab. 5). Recipes of different mounting media can be 

found in Romeis (1948), Gatenby & Beams (1950), Gray (1954), Adam & Czihak (1964), Upton (1993), and 

Brown (1997). Numerous practical hints how to narcotize, fix, and stain specimens and to mount and seal a 
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microscope slide are provided by Gatenby & Beams (1950) and Gray (1954). The latter, Wagstaffe & Fiddler 

(1955), Adam & Czihak (1964), and Knudsen (1966) also described many taxon-specific techniques. For 

planktonic organisms, such information is found in Steedman (1976c).

It turns out that stained sections fade in unsuitable media even if stored in the dark for two weeks (Dewse & 

Potter 1975) or one to two months (Gill 2013, pp. 265–267; Schmolke 1993). Stains like Feulgen stain, methylene 

blue-azure II-basic fuchsin fade significantly by 20–44% in various mounting media within two weeks and five 

months, respectively, even if slides are stored in the dark, so observation within two weeks is strongly 

recommended (Dewse & Potter 1975; Humphrey & Pittman 1977). Similar results have been found for toluidine 

blue and pyronin G of Araldite sections mounted in several media within one month (Schmolke 1993). The latter 

author recommends not mounting sections at all in order to allow re-staining after an extended period of time. 

Whereas Feulgen stain fades most in Euparal (30%) and less so in Canada balsam (ca. 13%) and DePeX (ca. 17%), 

methylene blue-azure II-basic fuchsin fades most in Canada balsam (by 36–44%), but also in Permount™ (22–

29%) and DePeX (26–39%). Fading may also appear primarily in the periphery of the coverslip (Fig. 4J), probably 

because of the impact of oxygen, gases, and vapors.

Because of problems of Canada balsam with stains on sections (see below), considerable efforts have been 

taken to develop new mounting media with the advent of new plastic polymers but also to test resins from other 

plants than the Canada fir, which delivers Canada balsam (see reviews by Southgate 1923; Wicks et al. 1946; Lillie 

et al. 1950, 1953). Among these plant resins tested for their suitability for mounting biological specimens on slides 

is Yucatan elemi (Southgate 1923). Many of the mounting media tested at that time did not perform much better 

than Canada balsam (Richards & Smith 1938; Groat 1940; Lillie et al. 1950, 1953; Gray & Wess 1951; Wirth & 

Marston 1968) and consequently disappeared from the market again. Application of Canada balsam requires time-

consuming steps of dehydration and harmful chemicals like xylene, so notable energy was devoted to replace this 

medium by media requiring less time for preparing microscope slides and containing less noxious components 

(Salmon 1947, 1951a; Spurr 1954; Clifford & Lewers 1960; Bameul 1990). Virtually every plastic seems to have 

been tested, also, because new synthetic resins simply became available at a certain time or had not been tested 

before (Tabs 1, 5), e.g.,

- acrylic varnish (Lödl 1999),

- alkyd varnish (Hrauda 1990),

- aniline-formaldehyde-sulfur polymer (Hanna 1927, 1930),

- cyanoacrylates (Geysen & Loof 1983; Liu et al. 2010; Criado-Fornelio et al. 2014),

- dimethyl hydantoin formaldehyde resin (Steedman 1958, 1976c; Smith 1966; Bameul 1990),

- hydroxypropyl methacrylate (Leduc & Holt 1965; Crumpton 1987),

- isobutyl methacrylate (Groat 1940),

- methyl cellulose and poly(ethylene glycol) (Clark & Morishita 1950),

- methyl methacrylate (Richards & Smith 1938),

- naphthalene polymer like Coumarone and Naphrax™ (Fleming 1943, 1954; Frison 1952a, 1952b, 1955),

- phenol-formaldehyde resin like Novolac (Crumpton & Wetzel 1980, 1981),

- phenol-sulfur-sodium sulphide polymer like Pleurax (Hanna 1949; Hepworth 1994),

- polychlorinated biphenyls and polyphenyls in variable composition like Aroclors® (Frison 1955; Hasle & Fryxell 

1970; Göke 1973, 2000; McCrone 1984),

- polystyrene (Kirkpatrick & Lendrum 1939, 1941),

- polyester (Senior 1970),

- polyterpene like Piccolyte® (Wicks et al. 1946),

- polyurethane (Denton 1987),

- poly(vinyl acetate-co-vinyl chloride) (Skiles & Georgi 1937; Gray & Wess 1951; Lillie et al. 1953),

- poly(vinyl alcohol) (Downs 1943; Salmon 1947, 1951a, 1951b, 1954),

- poly(vinyl pyrrolidone) (Steedman 1976c; Larsen 1980; Villani et al. 2013; Simon et al. 2015),

- trimethoxysilane (Criado-Fornelio et al. 2014), and

- urea-formaldehyde resin (Kaudewitz 1951–1952; Krauter 1952–1953; Ant 1957; Ossiannilsson 1958).
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Also, unusual media like glucose dissolved in formaldehyde have been tested and are supposed to last longer 

than 10 years, although the coverslips are not sealed (Taft 1978). It can be expected that the formaldehyde will have 

diffused out of the mount within a short time because of its volatility (Tab. 10). This will also apply to a mixture of 

Karo syrup and formaldehyde (Webb 1997). Zirkle (1940) described a range of water-soluble fixing, staining, 

macerating, and mounting media as a one-step application with carmine for plant material. His hydrocarbon-

soluble media, especially Venetian turpentine but also Canada balsam and sandarac, with carmine allow fixing, 

staining, dehydrating, clearing, macerating, and mounting in one step if an emulsifier composed of acetic acid, 

phenol, and propionic acid is used. Ethylenediamine functions to keep ferric nitrate in solution, which is necessary 

for an intensive carmine staining (Zirkle 1940). Doetschman (1944) recommended a one-step fixing, dehydrating, 

macerating, staining, and mounting gum-chloral medium, which is actually the case with all gum-chloral media 

except for the staining property (Tab. 7). Shortcoming of imported Canada balsam and cedar oil encouraged 

replacement of these media by natural resins from various species of Pinus in former Yugoslavia (Varićak & 

Pejoski 1951). General information about synthetic polymers and about the mechanisms of their deterioration by 

weathering was summarized by Wypych (2012, 2013).

In this paper, all mounting media and coverslip seals, which consist of organic components and solidify, are 

regarded as polymers; their ingredients are listed in a way to figure out their potential function at a glance (Tabs 5, 

8). Table 5 also contains the liquid glycerol, because mounts in it are fully reversible. It should be kept in mind that 

the exact composition of all commercial mounting media and coverslip seals is unknown and may change over 

time (Tabs 5, 8; see chapter 2. Materials and methods). Also, volatile components may evaporate over time and 

may not be detectable with chemical analysis such as Raman spectroscopy (Schmid et al. 2016). Table 10 lists such 

volatile ingredients, for which vapor pressure data are available readily.

3.7.2 Permeability of polymers for gases and vapors

Generally, polymers are permeable to some degree for various gases and vapors like water and oxygen; such data is 

especially interesting for packaging of food and of electronic devices, controlled drug release in medical 

applications, and water desalination and available for many synthetic and some natural polymers (Tab. 11; Traeger 

1976; Hagenmaier & Shaw 1991; Pauly 1999; Gerlach et al. 2001; Stern & Fried 2007; Wypych 2012; Pethe & 

Joshi 2013). The permeability coefficient P of a polymer is defined as: P = (volume of permeating gas) x (effective 

polymer membrane thickness) x (time)-1 x (polymer membrane area)-1 x (pressure difference across polymer 

membrane)-1; the dimension used in this article is P = 10-12 x cm3 x cm x s-1 x cm-2 x Pa-1 at 25°C (Tab. 11; Pauly 

1999; Stern & Fried 2007, p. 1038; Wypych 2012). Unfortunately, data about the permeability of polymers for 

gases and vapors is provided in the literature in different units, and the exponent of ten is given sometimes with a 

positive and sometimes with a negative value, even within one and the same publication (Pauly 1999; Wypych 

2012 and references cited therein). Reading Traeger (1976) and Gerlach et al. (2001) carefully, the exponent of ten 

should have a negative value for polymers, and this is corrected in Table 11. It has to be kept in mind that the data 

provided in Table 11 for homopolymers has to be regarded as only a rough estimation of the order of magnitude of 

permeability of mounting media and coverslip seals, which are composed of a variety of ingredients (Tabs 5, 8). 

Also, mixtures of gases like in air may behave slightly different than pure gases; a high humidity may increase 

permeability for other gases, because the water may plasticize the polymer to some degree (Comyn 1986, p. 319). 

The permeability may be reduced by a large amount of filler and in more cross-linked resins in comparison to 

linear polymers, and it will be increased by a plasticizer (Comyn 1986, pp. 317–318; Pauly 1999; Gerlach et al.

2001).

Considering the extensive discussion about the impact of a coverslip seal on the durability of a slide mounted 

in a gum-chloral medium (Tab. 7), we find it useful to calculate the time required for gaseous water molecules to 

permeate a synthetic resin until reaching the specimen. Assuming a slide with a circular coverslip of 15 mm 

diameter, a mount 0.1 mm thick, poly(methyl methacrylate) as mounting medium with P = 48–190 x 10-12 cm2 x s-1

x Pa-1 (Tab. 11), a surface area of (2 x π x 7.5 mm radius of coverslip) width x 0.1 mm height of mount, a pressure 

difference between the center of the mount and the environment of 3,167 Pa at a relative humidity of 100% and at 

25°C (1,583.5 Pa at RH = 50%), a volume of 0.1 mm3 (= 1 mm x 1 mm x 0.1 mm) water vapor would require 0.7–

3 hours (1.5–6 hours at RH = 50%) to diffuse from the periphery of the coverslip to the center penetrating a 
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specimen of 1 mm diameter totally. If the same slides is sealed with shellac as a coverslip seal 1 mm thick and P = 

0.0463 x 10-12 cm2 x s-1 x Pa-1 (Tab. 11), a surface area of (2 x π x 7.5 mm radius of coverslip) width x 1 mm 

thickness of seal, a pressure difference between the center of the mount and the environment of 3,167 Pa at a 

relative humidity of 100% (1,583.5 Pa at RH = 50%), a volume of 0.1 mm³ water vapor would penetrate the seal 

around the coverslip within 17 days (33 days at RH = 50%). This means that shellac as a coverslip seal would offer 

an additional protection of the slide of 17 days (33 days at RH = 50%). Among the polymers listed in Table 11, 

shellac belongs to those resins with the lowest permeability for water. These calculations roughly show that both a 

polymer and an additional coverslip seal do not really represent a permanent barrier for water molecules for 

decades. This finding agrees with a more general statement for the time necessary to penetrate a polymer of about 

10 mm thickness indicating days rather than months and years (Traeger 1976, fig. 1).

3.7.3 Refractive index of mounting media

Unstained specimens are best investigated by transmitted bright field microscopy if the refractive index of the 

mounting medium differs most from that of the specimen (Marshall 1932; Dahl 1951; Lillie et al. 1953, p. 57; 

Adam & Czihak 1964, p. 167; Singer 1967, p. 478; Krauter & Rüdt 1980, pp. 264–265; however, for recent 

software development see chapter 3.12.1 Microscope equipment), whereas stained histological sections would 

benefit from a mounting medium with a refractive index close to that of glass (Adam & Czihak 1964, p. 167) or 

that of the specimen (see also chapter 3.1.3 Physical clearing; Groat 1940; Gatenby & Beams 1950, p. 205; Lillie et 

al. 1953, p. 57; Singer 1967, p. 478; Bradbury & Evenett 1996, p. 43; Ravikumar et al. 2014). A difference 

between the refractive indices of the specimen and of the mounting medium of DnD = 0.02 results in a low 

contrast, a DnD = 0.05 prompts a moderate contrast, a DnD = 0.1 causes a high contrast, and a DnD = 0.2 ensures 

a very high contrast (White 1970, p. 259). Most biological structures labelled with antibodies and fluorescent 

probes and studied with confocal laser scanning microscopy profit from a similar refractive index of both the 

immersion oil, coverslip, mounting medium, and specimen resulting in a mismatch of refractive indices as small as 

possible (Cody et al. 2005). If the refractive index of the mounting medium is closer to that of the specimen in 

thicker mounts, more heavily sclerotized structures stand out more clearly in transmitted light microscopy, whereas 

more delicate structures may become less visible; if the index of the medium differs more from that of the 

specimen, more heavily sclerotized structures may partly obscure neighboring more delicate structures (Singer 

1967).

Certain details of diatoms, helminths, kinorhynchs, and mites are partly masked by Canada balsam (Fleming 

1943; Barr 1973; Berland 1984; Brown 1997), but are considerably better visible in glycerol, lactic acid, and 

glycerol-gelatin because of the different refractive indices of the different mounting media (Tab. 6; Berland 1984; 

Neuhaus pers. obs.). The refractive index varies in a given mounting medium depending on the temperature of the 

mounting medium and on the amount of solvent still in the medium. Also, the size of a specimen varies slightly if 

mounted in different mounting media of different refractive indices (Skene 1969). For positive phase contrast 

(Crossmon 1949) and for bright field microscopy (Skene 1969), these authors recommend using a mounting 

medium with a slightly lower refractive index than that of the morphological character of the specimen. The 

refractive index of a specimen may be determined by temporarily mounting a specimen in different media with 

different indices (Crossmon 1949). A specimen shows less contrast in a medium of a lower refractive index than 

that of glass in comparison with a medium of higher index than that of glass, because in the medium with a higher 

index the “rays of light [...] will be further refracted towards the axis in passing from the ordinary glass slide into 

the medium” (Marshall 1932, p. 277; Roe et al. 1991). Staining a specimens and observation with phase contrast or 

differential interference contrast optics may partly overcome problems based on an insufficient refractive index of 

the mounting medium (Noyes 1982; Disney 1989; Noyes & Polaszek 1989). Hirsch (1953) suggests a refractive 

index of nD = 1.515 for the study of stained sections with phase contrast and recommends mounting the sections in 

cedarwood oil, which hardens over time.
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3.7.4 Liquid mounting media (formaldehyde, lactophenol, glycerol, Zeiss W15)

Rousselet (1893, 1895), Myers (1936), and Gray (1954, pp. 21–41) described in detail how cells for fluid-mounted 

specimens were made. Moore (1979) reported about the restoration of fluid-mounted animal and plant tissue (Tab. 

14; see also chapter 3.10.5 Problems with liquid mounting media—re-hydration of specimens). Formulae for liquid 

media were listed by Gray (1954, pp. 176–181). Such media with a high vapor pressure except formaldehyde, 

glycerol, and lactophenol are not treated in this article any further. In addition, liquid media used for minerals or 

cross-sections of film (Loveland & Centifanto 1986), obviously non-permanent media, and most media specifically 

designed for fluorescence microscope studies are excluded here.

Formaldehyde. Liquid media with a high vapor pressure like formaldehyde (Tab. 10) have been used 

especially in the 19th and first half of the 20th century for mounting specimens like rotifers (Fig. 15A, B; Rousselet 

1893, 1895; Russel 1951; Jersabek 2005). The formaldehyde may be neutralized by some sodium bicarbonate, 

calcium carbonate, or pyridine; 3–5% glycerol may “increase transparency and minimize evaporation” (Spence 

1940b; Morrison 1942). However, Gray (1954, p. 23) and Sanderson (1994, p. 153) recommended not to buffer 

formaldehyde, because the salts of the buffer might precipitate at some stage. Knudsen (1966, p. 275) suggested 

30% glycerol, 3% formaldehyde, and 67% water. All these media bear the inherent risk that slides will deteriorate 

quickly because of the evaporation of the aqueous part of the medium and crystallization of formaldehyde as is 

known for various rotifer collections (Fig. 15A, B; Russel 1950, 1951; Jersabeck 2005; Jersabek et al. 2010; 

Schmid et a. 2016; Neuhaus pers. obs.). However, individual slides may keep the liquid medium for at least 120 

years, whereas the majority of slides will not (Fig. 15A, B).

Lactophenol. Lactophenol has been advocated as mounting medium repeatedly (e.g., Linder 1929; Franklin & 

Goodey 1949; Evans et al. 1961; Esser 1974; Huys & Boxshall 1991, p. 451), but this medium belongs to the less 

recommendable liquid mounting media, because both its components lactic acid and phenol possess quite a high 

vapor pressure (Tabs 10, 13); irrespective of the latter fact, nematode mounts in lactophenol survive for at least 16 

years (Esser 1974). Addition of cotton blue, iodine, or Unna’s polychrome blue to the lactophenol enhances the 

contrast of cuticular structures (Linder 1929; Franklin & Goodey 1949; Evans et al. 1961). Lactophenol has also 

been applied together with a gum to give a solidifying mounting medium, but this shows serious signs of 

deterioration like formation of crystals, darkening of medium, and cracking (Fig. 16A–C).

Glycerol (= glycerin, glycerine). Surprisingly, some liquid mounting media possess quite a low vapor 

pressure like glycerol (Tabs 10, 13). Glycerol was introduced as a mounting medium in 1849 by Warington (Tab. 1; 

Bracegirdle 1978, p. 93). Specimen have been mounted in glycerol without (Figs 4A, 5C) or with additional 

support of the coverslip (Fig. 5B). Support may be temporary, e.g., by thin glass fibers removed after fixation of the 

coverslip with the synthetic resin NOA 61 (Jersabek et al. 2010) or permanent by the double-coverslip technique 

using Caedax, Canada balsam, Clarite, or Euparal, or by Elmer’s Washable Clear School Glue™, Colorations™ 

Washable Clear Glue, paraffin, wax, or a red rubber ring cemented with goldsize (Ward 1953; Zander 2014; see 

also chapters 3.8.4 Canada balsam and 3.8.11 Paraffin). For the preparation of a glycerol-paraffin mount see Table 

13 Technique E (Hooper 1970, p. 50, 1986a, pp. 76–77; Hooper et al. 2005, pp. 70–71). Mounting of rotifers in 

glycerol on a depression slide was described by Myers (1936). It is important to keep the hygroscopic glycerol 

anhydrous by storing it in an oven at about 40°C or in a desiccator in order to prevent potential growth of bacteria 

and fungi (Newell 1947; Neuhaus pers. obs.). Therefore, we are a bit suspicious of a glycerol mount sealed with the 

hygroscopic Elmer’s Washable Clear School Glue™ or Colorations™ Washable Clear Glue (Zander 2014).

Glycerol offers the advantage of “clearing” a specimen, because it reveals a similar refractive index as proteins 

(Tab. 6; Myers 1936; Maybury et al. 1991; Morse 1992, p. 3). Also, glycerol does not change its optical properties 

over time, does not form cavities and crystals, does not blacken, and has a low vapor pressure of 0.1 pascal at 40°C 

(comp. with other substances in Tab. 10). Glycerol-paraffin slides are supposed to last “indefinitely” (Myers 1936; 

Hooper 1986a, p. 68). However, a specimen may move and lose its dorso-ventral orientation in glycerol because of 

its liquid nature, but this is more a problem during mounting when the paraffin is still liquid and offers some 

resistance to manipulation of the upper coverslip. Movement of the specimen is not very likely once the specimen 

is sufficiently flattened and the slide is stored horizontally. Also, the glycerol may evaporate over time and 

eventually dry out if the coverslip detaches locally from the paraffin and the slide seal breaks (Tab. 6). It seems that 

glycerol mounts surrounded by paraffin and sealed with Glyceel last longer than glycerol mounts with Glyceel 

alone (Hooper 1986b, p. 317). Rotifers mounted in glycerol or glycerol-jelly may survive for considerably longer 
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than 35 years, but no information is available about the kind of seal used for these mounts (Jersabek 2005). Regular 

control of slides about every five years is recommended for this kind of slide mount and generally, in a longer time 

interval, for all kinds of slide mounts (see chapter 3.2 Storage; Tab. 6). Glycerol seems to develop acrolein by 

oxidation over time, which results in a notable absorption peak between 250–310 nm wavelength (Loveland & 

Centifanto 1986, p. 219, fig. 3). It is unknown whether the formation of acrolein impacts the mount in any way.

In summary, the most safe glycerol mounts seem to be the double-coverslip technique with Canada balsam or 

Euparal and the glycerol-paraffin technique with a subsequent ringing with Glyceel. Such a properly sealed mount 

remains stable and fulfills as almost the only mounting medium the criterion of reversibility of mounting at any 

time, but has to be checked for leakage regularly (Tab. 6). In the senior author’s opinion, the former advantages 

outbalances by far the latter disadvantage, and consequently, the double-coverslip glycerol mount with Canada 

balsam or Euparal and the glycerol-paraffin mount with a Glyceel seal are recommended as one of the few mounts 

for museum collections.

Zeiss W15. The liquid medium Zeiss W15 results from a chemical reaction of glycerol with phthalic anhydride 

and was developed first in the 1950ies (for details see chapter 3.7.23 Zeiss W15, L15, and L25). The medium is 

still used nowadays, mainly by copepodologists.

3.7.5 Caedax, Caedax A, Caedax 547

Information about Caedax is somewhat confusing, because three different names with at least four different 

refractive indices for the solid medium are mentioned in the literature (Tab. 5). Lillie et al. (1953, p. 69, tab. 1A) 

referred to a Caedax A from 1951 with a refractive index of the dry resin of nD20°C = 1.6724 in their table but 

mention a calculated index of nD = 1.6673 in the text; anilin dyes seemed to last in this medium, whereas Gomori-

Burtner methenamine silver staining and Prussian blue did not last. Engbert (1957) claimed that Caedax 547 was 

introduced about 1955 at the latest revealing a refractive index of nD = 1.63. A previous version of Caedax, 

seemingly introduced in the late 1930s, was supposed to possess a much lower index according to this author. This 

version may be identical with a medium with an index of nD20°C = 1.558 mentioned by Deutsch (1962) or a medium 

with an index of nD20°C = 1.5730 (Loveland & Centifanto 1986, pp. 187–188). Diederichs (1932–1933) mentioned 

Caedax in his article already, so a medium with this name must have already existed in the early 1930s (Tab. 1). 

The production of Caedax by Merck (originally by Hollborn & Söhne, see Diederichs 1932–1933) seems to have 

ceased about 1975, because polychlorinated biphenyls used as plasticizers in the polymer were not allowed in open 

systems anymore (Krauter & Rüdt 1980; Woessner 2005).

Caedax is based on the resin AW2 made by BASF and supposed to be a copolymer poly(cyclohexanone-co-

methylcyclohexanone) containing a polychlorinated biphenyl as a plasticizer (Tab. 5; Rie & Shedrinsky 1989; 

Mills & White 1999, pp. 137–138). The medium was composed in the late 1930s of 13 parts resin AW2, 13 parts of 

the chlorinated biphenyl Clophen, and 5.3 parts xylene (Kern et al. 1946). Resin AW2 was also used for picture 

varnishes. In 1967, BASF replaced resin AW2 with Ketone Resin N, which seemed to consist of 

poly(cyclohexanone) only (Rie & Shedrinsky 1989; Mills & White 1999, p. 138). Ketone resin N used as a picture 

varnish has been reported to yellow over time and to become less soluble (Witte 1983).

The cyclohexanone formaldehyde polymer AW2 is quite brittle and “more prone to autoxidation” than 

poly(vinyl acetates) and polymethacrylates resulting in a change in solubility (Rie & Shedrinsky 1989). These 

authors also discussed both the principal pathways of the synthesis of the resin and of its degradation. Kern et al.

(1946) stated that 10 year-old slides mounted with Caedax were in a perfect condition in 1946. Caedax may be 

mixed successfully with water-free phenol; crystals may occur, which disappear after heating (Stosch 1952). Small 

spherical crystals have been found in some slides of the Aphidina collection at the Museum für Naturkunde Berlin 

(Fig. 15D).

3.7.6 Canada balsam

The first resin mounts go back to 1795 using Venetian turpentine, and mounts in Canada balsam were introduced 

around 1832 (Tab. 1; Bracegirdle 1978, p. 88). The differences in the refractive indices of Canada balsam at the 
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same temperature (Tab. 4) may originate from a variable quality of the resin from different manufacturers. 

Mixtures of resin from Abies balsamea (Linné) with resin from other tree species seem to have been sold under the 

name “Canada balsam” (Spence 1939).

The diterpenoids abietic, levopimaric, neoabietic, and palustric acid in Canada balsam (Fig. 6; Tab. 5) differ 

from each other mainly in their conjugated double bonds and form an equilibrium, which favors abietic acid after 

heating (Mills & White 1977, p. 14). Therefore, it can be assumed that the composition of the balsam will change 

during manufacture of the final product if heating is involved in this process (but see below). Dehydroabietic acid 

seems to form from the acids mentioned before by oxidative processes and may dominate in older mounts of 

Canada balsam together with its autoxidized compound 7-oxodehydroabietic acid (Mills & White 1977, p. 14). 

Abienol and β-phellandrene (Fig. 6; Tab. 5) are supposed to contribute most to the polymerization of Canada 

balsam (Mills & White 1999, p. 102), but β-phellandrene is actually an ethereal oil. Less volatile components are 

suggested to act as natural plasticizers (Brunner & Blueford 1986). For some more volatile components, the vapor 

pressure is found in Table 10. Since the 19th century, the more volatile components seem to be evaporated by 

heating during manufacture of the balsam, and the latter dissolved in benzene, chloroform, or xylene (James 1887, 

p. 74; Gray 1954, p. 639). For wholemounts, Gray (1954, pp. 56–57) favored “natural” over “dried” Canada 

balsam, the latter being meant for mounting sections.

Raw Canada balsam is composed of many unsaturated compounds (Fig. 6; Tab. 5; Bender 1967), which are 

assumed to bleach stains like Prussian blue “by converting it to the greenish white ferrous ferrocyanide” but 

“preserve cobalt sulfide well” (Lillie et al. 1953, p. 58). The acids contained in Canada balsam (Tab. 5) cause 

cationic stains of histological sections to fade and carbonate structures to dissolve (Southgate 1923; Kirkpatrick & 

Lendrum 1939; Spence 1939; Davies 1940; Romeis 1948; Adam & Czihak 1964; Böck 1989; Brown 1997; 

Kiernan 2015, p. 67). In the 1930s, the neutral Canada balsam was not “neutral” at all revealing a pH from 4.1–8.7 

(Kirkpatrick & Lendrum 1939; Davies 1940) despite neutralization with potassium carbonate or alkali earth 

carbonates (Southgate 1923; Lillie et al. 1953; Adam & Czihak 1964; Böck 1989). It remains open whether or not 

current Canada balsam from different manufacturers reveals a neutral pH. Even neutralized mounting media based 

on natural resins are supposed to develop acidity over time again, probably because of ongoing degradation 

processes in the resin (Krauter & Rüdt 1980, p. 264).

For Kinorhyncha and helminths, dehydration via ethanol and xylene and mounting in Canada balsam dissolved 

in xylene has been found to harden specimens too much, such that they break into pieces during mounting 

(Pritchard & Kruse 1982, p. 122; Berland 1984; Neuhaus 2013, p. 278). Xylene seems to harden tissues and 

especially gonads with yolk more than almost all other transition media (Gatenby & Beams 1950, p. 70; Wagstaffe 

& Fidler 1955, p. 173; Sanderson 1994, p. 42). This problem is overcome for Copepoda and a range of other 

meiofauna organisms by soaking a specimen in phenol and mounting the specimen in phenol balsam (Gatenby & 

Beams 1950, p. 90; Thatcher 1987; Brown 1997, p. 8). However, inclusion of phenol may lead to excessive 

darkening of the mounting medium (see discussion in chapter 3.7.25 Discoloration). Possibly, substituting 

Cellosolve™ or Histoclear for xylene may avoid or diminish excessive hardening of a specimen as has been 

suggested for Euparal (comp. chapter 3.7.12 Euparal). Also, n-butanol, 1,4-dioxane (toxic), and terpineol may 

serve this purpose (Gatenby & Beams 1950, pp. 89–91). In addition, dehydration with isopropyl alcohol instead of 

ethanol may also lead to less hardened specimens (Gatenby & Beams 1950, p. 70).

Delicate morphological characters are masked by Canada balsam in kinorhynchs, diatoms, helminths, and 

mites (Fleming 1943; Barr 1973; Heikinheimo 1988; Neuhaus pers. obs.), but the medium seems to be suitable for 

certain insects (Clarke 1941; Essig 1948; Palma 1978). Possibly, the masking problem may also be overcome by 

emulating different contrast methods with special software (comp. chapter 3.12.1 Microscope equipment).

Canada balsam yields several disadvantages, which may discourage its use in comparison with other media 

(see discussion above; Tab. 6). However, little is known about the drawbacks of most other mounting media, 

because most articles enthusiastically report the benefits of newly developed media but rarely summarize anecdotal 

information about the longevity of a given mounting medium (Upton 1993; Brown 1997). Systematic long-time 

studies on these media are missing entirely. Mounting media based on Canada balsam seem to have been produced 

with variable quality in the past, which certainly accounts for problems with stains (see next paragraph). And 

because Canada balsam has been in use for more than 180 years, information about this medium is considerably 

more comprehensive than on any other medium except Euparal and the gum-chloral media (Upton 1993). 
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FIGURE 6. Chemical structure of the ingredients of Canada balsam from Abies balsamea.
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Welsby (1951) bleached Canada balsam experimentally by exposure to sunlight for 110 hours to up to 133 

days. The idea of bleaching Canada balsam and other natural resins by exposure to sunlight was already practiced 

in the 19th century (Edwards 1871). However, this procedure may initiate unwanted chemical processes as has been 

documented for another natural resin, gum mastic; here, exposure to sunlight for a few days during harvesting 

starts ongoing autoxidation (Dietemann et al. 2001). This is in accordance with findings of oxidized di- and 

triterpenoids in raw gum dammar, gum mastic, and gum colophony (Scalarone et al. 2005).

The biggest advantage of Canada balsam from a curatorial point of view is that it lasts at least 150 years on 

microscope slides (Brown 1997) and, unlike many other mounting media, is supposed not to deteriorate in a variety 

of climates (Mound & Pitkin 1972). Nevertheless, Canada balsam yellows and darkens with age, which does not 

seem to impact bright field microscope studies too much (Welsby 1951; Eastop 1985; Brunner & Blueford 1986; 

Thatcher 1987; Halliday 1994; Brown 1997), at least not as long as the medium does not become too dark. 

Darkening seems to start from the periphery (Fig. 15E; Essig 1948) suggesting influence of oxygen diffusion 

(Loveland & Centifanto 1986, p. 184). Darkening may also be caused by clearing in clove oil (Wagstaffe & Fidler 

1955, p. 173). Excessive darkening and finally blackening may result from phenol in the resin, which seems to start 

from the periphery of the mount (comp. chapter 3.7.25 Discoloration; Brown 1997, fig. 23). 

Canada balsam was also applied in a mixture with the plasticizer camphor and with phenol (Spence 1940a). A 

specimen may be mounted directly from chloroform, 80% ethanol, glacial acetic acid, and other macerating agents. 

However, un-ringed slide preparations develop crystals, probably because of the evaporation of camphor and 

phenol, whereas ringed mounts last at least 9 years. Also, many stains will not last (Spence 1940a).

3.7.7 Celodal, Celochloral

Introduced for mounting macroscopic specimens in 1938, Celodal by Bayer, Leverkusen has also been used for 

mounting specimens on microscope slides, probably mainly in Germany based on the literature found (Tab. 1; 

Kaudewitz 1951–1952; Krauter 1952–1953; Ant 1957; Hirling 1957–1958; Ossiannilsson 1958). The resin is based 

on a urea-formaldehyde polymer. The latter is cross-linked by an acid catalyst or heat resulting also in the 

formation of water molecules (Horie 2011, p. 297). The addition of an acidic catalyst like oxalic acid or 

trichloroacetic acid will lead to a brittle resin, which does not attach to glass surfaces if the mount is not ringed with 

a coverslip seal in order to prevent total loss of water. However, a specimen can be mounted directly from ethanol, 

formaldehyde, isopropyl alcohol, and water without curing with an acid (Kaudewitz 1951–1952; Krauter 1952–

1953; Ant 1957; Hirling 1957–1958). Because of its refractive index, Celodal seems to physically clear specimens 

(Krauter 1952–1953; Ant 1957).

Celodal has been modified to “Celochloral” by adding chloral hydrate, glacial acetic acid, and glucose 

(Ossiannilsson 1958). However, sometimes rhomboid crystals develop within a few months in the storage bottle. 

Also, too much water in the medium may lead to “milky cloudiness” and transfer of too much phenol from 

maceration in chloral hydrate plus phenol to Celodal may result in “milky turbidity” (Ossiannilsson 1958). On a 

slide at the Museum für Naturkunde Berlin with a specimen of Aphidina mounted in Celochloral 1965 and un-

ringed, the peripheral medium turned yellow, whereas the central medium remained clear (Fig. 15F).

Microscope slides mounted with Celodal seem to last at least four years (Ossiannilsson 1958). The high 

amount of cross-links of the polymer cannot be dissolved again, but has to be destroyed chemically “by 

concentrated acids or alkalis or molten phenol” (Horie 2011, p. 300) or by “keeping the slides for a few hours in hot 

water or in hot 10% KOH” (Ossiannilsson 1958).

3.7.8 C-M Medium and CMC / CMCP

There is some confusion about the composition of several media named C-M Medium, CMC-9, CMC-10, CMCP-

9, and CMCP-10 (Tab. 5). Clark & Morishita (1950) introduced a new mounting medium “C-M Medium” (= 

Clark-Morishita Medium) composed of methocellulose (= methyl cellulose, Methocel™; Tab. 12), carbowax 4,000 

(= poly(ethylene glycol)), diethylene glycol, ethanol, lactic acid, and water as ingredients (Tab. 1). The same 

ingredients were listed subsequently by Evans et al. (1961), Singer (1967), and Krantz (1978). In carboxy methyl 

cellulose, the three hydroxyl groups of each β(1→4)-linked D-glucose unit are substituted to a variable degree with 
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carboxymethyl groups (Fig. 12); the product is generally abbreviated “CMC” (Stelzer & Klug 1980). Zander 

(1983) created his lactophenol gel by mixing methyl cellulose, ethylene glycol, lactic acid, phenol, and water (Tabs 

12, 13) in search of a medium to replace gum-chloral media, which became regulated and difficult to purchase in 

the USA.

Stehr (1987, p. 16) produced a medium “CMCP-9” in his lab by mixing one of the poly(vinyl alcohols) (!) of 

the Elvanol® group from DuPont with lactic acid, phenol crystals, and water (Tabs 12, 13); he acknowledged the 

company Turtox/Cambosco for the recipe. The MSDS of CMC-9, CMC-10, CMCP-9, and CMCP-10 of EMS and 

Polysciences (Tab. 5) state as ingredients (fully hydrolyzed) poly(vinyl alcohol), lactic acid, phenol, and water. 

However, Brown (1997, p. 12) listed Clark & Morishita’s (1950) recipe under the heading “Carboxy methyl 

cellulose CMC = Cellofas & Turtox” and on page 8 under the title “3.3.1 Cellofas = Carboxy Methyl Cellulose 

(CMC) (RI = 1.428)” treated the C-M Medium by Clark & Morishita (1950) and CMC as identical media. This is 

amazing, because according to the references cited above the two media contain different polymers, viz, either 

methyl cellulose and poly(ethylene glycol) or fully hydrolyzed poly(vinyl alcohol). It cannot be excluded that 

CMC(P) contains also methyl cellulose and poly(ethylene glycol), but the percentage proportions of ingredients 

provided by the MSDS of Polysciences (Tab. 5) do not indicate that another substance is included in the medium in 

a significant amount. The composition of CMC may have changed over time, because Michelson (1960) and Davis 

(1964) stated that stained specimens could not be mounted in CMC, whereas Becker & Heard (1965), McHardy 

(1966), and Mikkelsen (1985) reported that CMC worked well with stains like acid fuchsin, aniline blue, lignin 

pink, and pronticil dye.

Poly(ethylene glycol) oxidizes at room temperature in the presence of air and light but also in the dark 

releasing formaldehyde and long-chain aldehydes (Horie 2011, p. 191). CMC seems to dry quicker than CMCP 

(Mikkelsen 1985). CMC-10 lasts at least one year (Michelson 1960). Specimens of Zelinakderes sp. mounted in 

1993 in CMCP-10 revealed crystals as early as 1999 already (Fig. 15G, H). Also, these specimens were barely 

visible in 2015, probably because of the macerating activity of lactophenol included in the mounting medium.

CMC-10 is also used for immobilizing crustacean appendages on a slide and providing a supportive ring for 

the coverslip, before the mount is prepared with polyvinyl lactophenol (McHardy 1966). Such mounts last at least 

four years.

3.7.9 Cyanoacrylate

Cyanoacrylates like Bostik Super Glue™ and Technicoll-C have been used to mount semithin sections mounted in 

a synthetic resin on microscope slides since the 1960s (Molnar & Molnar 1967; Geysen & Loof 1983; Liu et al.

2010). Recently, such a glue has also been suggested for mounting type and voucher material for museum 

collections, viz, Loctite® Super Glue containing ethyl cyanoacrylate; slides last at least one year (Criado-Fornelio 

et al. 2014). Semi-thin sections mounted in cyanoacrylates seem to last at least 15 years (Liu et al. 2010). This is 

contrasted by reports that cyanoacrylate adhesives break down after a short time because of the interaction with the 

alkaline surface of soda-lime glass (Jackson 1982; Robson 1992, p. 187; Davison 2003, p. 217; Horie 2011, p. 

166), in this case the microscope slide. The polymerization of cyanoacrylates seems to be irreversible (Liu et al.

2010), but N,N-dimethyl formamide and dimethyl sulfoxide are reported to dissolve the polymer again (Molnar & 

Molnar 1967). Extended exposition to acetone or light may cause degradation of ethyl cyanoacrylates (Horie 2011, 

p. 158).

3.7.10 DPX / DePeX

According to the literature, DPX and DePeX contain the polymer distrene 80, a polystyrene (Fig. 12), and the 

plasticizer dibutyl phthalate replacing tri-o-cresyl phosphate of older formulae (Figs 13, 14; Tab. 1; Kirkpatrick & 

Lendrum 1939, 1941). The two media seem to differ only in the relative proportions of the polymer and the 

plasticizer (Roe et al. 1991). The plasticizer is necessary to avoid collapse of the medium (Kirkpatrick & Lendrum 

1939, pp. 592–593; Davies 1940, p. 469) and to provide better adhesion to the glass surfaces (Loveland & 

Centifanto 1986, p. 184). However, the plasticizer may evaporate over time (for vapor pressure comp. Tab. 10). 

More recently, the formula concerning the volatile components seems to have changed in order to allow use of the 
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medium with coverslipping machines. As a consequence of this, slides have to be air-dried and should not be dried 

in an oven, because the heat will lead to the development of numerous gaseous bubbles in the medium (Göke 2000; 

R. Sluys pers. com.). Based on IR-spectroscopy, Fluorolite, Hystomount, Styrolite, and UV-inert agree with 

DPX and DePeX in their general chemical composition, a mixture of a polystyrene, dibutyl phthalate, and xylene 

(Roe et al. 1991). Differences in the refractive indices of these mounting media are supposed to be related to the 

different proportions of the polystyrene and the plasticizer.

Generally, DePeX is considerably better suited for mounting sections rather than total mounts, because the 

medium loses a considerably amount of volume on drying (Göke 2000). DePeX is recommended also for 

immunofluorescence microscopy (Göke 2000), because “the fluorescent signal remains high and stable” for more 

than one year in slides stored at room temperature in the dark as opposed to aqueous mounting media (Espada et al.

2005). Kirkpatrick & Lendrum (1941, p. 442) observed formation of quite colorless “thin, needle-like crystals” and 

“small irregularly curved flat plaques” in DPX if the xylene used for clearing the sections contained remnants of 

paraffin. Small accumulations of crystals are also found in the mounting medium close to but not on the 

histological sections of microscope slides at Berlin (Fig. 15I, J).

For diatoms, a mounting medium composed of polystyrene, toluene, and methylene iodide results in a high 

refractive index nD24°C = 1.75 (Czarnecki & Williams 1972). The long-time stability of polystyrenes is questioned 

because of their light-sensitivity (Horie 2011, p. 181; Wypych 2013, pp. 461–462).

3.7.11 Epoxy resins (Araldite, Epon™, Spurr’s resin)

Epoxy resins like Araldite, Epon™, and Spurr’s resin are mainly used for embedding biological specimens for 

transmission electron microscopy. The pre-polymers consist either of diglycidyl ethers of bisphenol A (Araldite: 

Tabs 5, 8), triglycidyl ethers of glycerol (Epon™), or vinyl cyclohexane dioxide (Spurr’s resin); the resin also 

contains an accelerator, hardener, plasticizer, and in some cases a flexibilizer (Sanderson 1994). Flexibilizers are 

chemically part of the cross-linked polymer, whereas plasticizers are located between polymer strands and bound 

by the weaker hydrogen bonds (Sanderson 1994, p. 65). “Slower polymerization at a lower temperature will 

produce a softer block”, which will allow more satisfying staining (Sanderson 1994, p. 65). It should be kept in 

mind that components of epoxy resins are quite hazardous.

Spurr’s low viscosity embedding medium has been used for mounting plant material on a microscope slide 

(Herr 1982). Bulk preparations of meiofauna has been mounted in a mixture of Epon™ and Araldite or in Epon™ 

812 for both ecological and morphological studies; each mount containing hundreds of specimens may be 1–3 mm 

thick (Rieger & Ruppert 1978). Specimens may be observed both with a stereo microscope and with a compound 

microscope if the mount is inverted to observe the specimens, which dropped to the bottom of the mount. Although 

no coverslip is involved, useful information may be obtained even with oil immersion objectives by applying the 

oil directly to the surface of the mounting medium (Rieger & Ruppert 1978). These authors also suggest cutting out 

an individual specimen with a small coping saw and either re-mounting the specimen for TEM studies or 

dissolving the resin (see below; Winborn & Guerrero 1974) and to prepare the specimen as whole mounts either for 

light microscopy or for SEM studies. Alternatively, specimens may also be sectioned for light microscopy (Smith 

& Tyler 1984). The Epon™-Araldite resin of the sections on the glass slide is dissolved in methanol saturated with 

potassium hydroxide and stained with alcian blue, Mayer’s mucicarmine, or Heidenhain’s iron hematoxylin with or 

without eosin Y as counterstain (Smith & Tyler 1984). Sections mounted in Epon™-Araldite reveal fewer 

shrinkage artifacts than sections mounted in paraffin or ester wax media and can be sectioned thinner leading to 

improved resolution. Also, fixation in a mixture of glutardialedehyde and formaldehyde results in “superior 

structural preservation” (Smith & Tyler 1984).

“The adhesion of epoxy resins to glass deteriorates sharply above a critical RH (≈70%) due to the absorption of 

water by the hydroxyl groups in the epoxy and loss of hydrogen bonding to the glass by displacement of water” 

(Horie 2011, p. 296). A high relative humidity can be expected especially in tropical countries. Adhesion may also 

be reduced by loss of the plasticizer over the years (Horie 2011, p. 290). Epoxy resins based on aromatic 

components are more prone to deterioration by light, UV-light, and heat than resins based on aliphatic components 

(Horie 2011, p. 290). Various silanes may be used as adhesion promoters for glass, but these molecules are quite 

permeable for water and may undergo hydrolysis if exposed to water for a longer time (Wypych 2013, p. 373). 
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Once cured, epoxy resins are supposed not to be soluble again, but only to be removable mechanically after 

swelling by solvents (Horie 2011, p. 296). However, Böck (1989, pp. 150–151) provided two recipes for dissolving 

epoxy resins either in sodium methylate in methanol and subsequently in acetone or alternatively in sodium 

hydroxide in water-free ethanol. Epon™-Araldite may be dissolved with methanol saturated with potassium 

hydroxide (Smith & Tyler 1984). Epon™ 812 may be removed from specimens mounted for transmission electron 

microscopy with Epox-E-Solv (Winborn & Guerrero 1974). TAAB Resin Resolve softens Araldite, and ethyl 

acetate finally dissolves it (Russel 1989). Acetic acid, chloroform, dimethyl formamide, methylene chloride, and 

tetrahydrofuran remove epoxy resin adhesives most effectively (Down 2001, pp. 42, 44). Spurr’s resin can be 

dissolved with potassium or sodium hydroxide in anhydrous methanol; if the methanol contains traces of water, 

even from humidity, sections may detach from the glass slide (Vermathen 1993). All methods above appear quite 

drastic and noxious, so they certainly do not qualify for objects of art, which Horie (2011) had in mind. Tests 

should be made before more general application to microscope slides.

3.7.12 Euparal

Euparal was introduced by Gilson (1906; Tab. 1), but he did not publish the complete formula of the chemical 

components. Instead, he passed his recipe to commercial companies and made them produce the medium. It seems 

that for this reason Euparal has been disliked by scientists for a long time (Bracegirdle 1978, p. 91). Possibly, 

Euparal is also either marketed under the name Diaphane in a colorless or green formula (Essig 1948, p. 17; 

Loveland & Centifanto 1986, p. 193), or Diaphane contains inter alia “juniper gum and various natural and 

synthetic phenols” (Lillie et al. 1953, p. 64). Gum sandarac may be identical with gum juniper according to 

Denham (1923, p. 193).

Raw gum sandarac, the resin component of Euparal (Figs 7, 8; Tab. 5), seems to contain low molecular weight 

polymers of polycommunic acid “still fairly soluble in rather polar solvents” (Mills & White 1999, pp. 99, 102). 

Communic acid and related compounds may possess a high potential for cross-linking because of the reactive 

conjugated double bonds in the side-chain of the molecule (Fig. 7); this would result in the low molecular-weight 

poylmer polycommunic acid (Mills & White 1977, p. 15). During experimental ageing of gum sandarac, the degree 

of cross-linking increases over time, but fragmentation also occurs (Scalarone et al. 2003a). For the refractive 

index see Table 4. Euparal comes either as a slightly yellowish or as a greenish medium termed Euparal green or 

vert. The green color is supposed to enhance contrast in hematoxylin stains (Lillie et al. 1950, p. 4, 1953, p. 64; 

Wagstaffe & Fidler 1955, p. 175; Böck 1989, p. 297). Copper salts (Lillie et al. 1953, p. 64), possibly of abietinate 

(Shepherd 1918, p. 132), seem to be responsible for the green color. The medium has a reported long-time stability 

of over 50 years (Brown 1997; Brown & Boise 2005, 2006).

Feulgen stain fades by about 30% within two weeks if sections are mounted in Euparal (Dewse & Potter 1975). 

Small and delicate marine plankton fixed to a glass slide with a thin layer of Euparal may be stained with 

Delafield’s hematoxylin base or fuchsin acid (Veer 1982). Probably, Copepoda, Kinorhyncha, and mosses do not 

mount well in Euparal, because dehydrated specimens and their organs become brittle and consequently break 

during mounting (Garner & Horie 1984; Koomen & Vaupel Klein 1995; Neuhaus & Sørensen 2012; Neuhaus 

2013, p. 278; Sørensen & Pardos 2008, p. 35). This may possibly be overcome by substituting Cellosolve™ or 

Histoclear for Euparal Essence, which is used to dilute the Euparal resin (Brown 1997, p. 8; see also additional 

suggestions in chapter 3.7.6 Canada balsam). Histoclear II (= Histolene) contains 70–90% aliphatic hydrocarbons 

and 10–30% limonene (National Diagnostics:  Available from: https://www.nationaldiagnostics.com/histology/

product/histo-clear-ii, accessed 11 February 2016). Other substitutes with similar properties are listed in Wynnchuk 

(1994). However, tests should be conducted in any case, because problems with fading stains have been 

documented for Histoclear (Staruk 1985; Buesa & Peshkov 2009). Euparal is documented to last generally more 

than 50 years (Tab. 6; Brown 1997), but according to a single report the medium seems to “polymerize and craze” 

at the margin of the coverslip within 7 years (Halliday 1994). Based on reports from the Smithsonian Institution, 

Euparal from Chroma (Germany) seems to be less satisfying than Euparal from ASCO (Great Britain); however, no 

specific problems are mentioned (Brown 1997, p. 8). In summary, especially the long-time stability over at least 50 

years and mounting from a higher concentration of ethanol suggests Euparal as a recommendable medium for 

museum collections.
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FIGURE 7. Chemical structure of the ingredients of sandarac resin from Tetraclinis articulata in Euparal. Me, methyl.
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FIGURE 8. Chemical structure of the other potential ingredients of Euparal.

Gum sandarac, camphor, and isobutyl alcohol may be mixed with chloral hydrate (camphloral), phenol 

(camphenol), and thymol (camthymol) (Denham 1923, pp. 193–194). Camphenol seems to work well with sections 

stained with hematoxylin and eosin but not with methylene blue and thionin (Kernohan 1928). Probably, these 

media will suffer from evaporation of camphor and phenol in the long run because of the high vapor pressure of 

these substances (comp. Tab. 10). Spence (1940a) mentioned a mixture of amyl alcohol, castor oil, and gum 

sandarac. Mohr & Wehrle (1942) mixed camphor, copper oleate, eucalyptol, paraldehyde, phenyl salicylate, and 

gum sandarac; dioxan was added or not. If the storage bottle is kept in the dark, the medium will yellow 

considerably, whereas exposure to sunlight will maintain the green color (Mohr & Wehrle 1942). However, 

sunlight will most probably start deterioration processes, which will become obvious many years later. A medium 

composed of camphor, isobutyl alcohol, phenyl salicylate, and gum sandarac as well as the recipe by Mohr & 

Wehrle (1942) agreed widely with the recipe for Euparal (Tab. 5; Spence 1940a). 
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FIGURE 9. Chemical structure of the potential ingredients of styrax or storax resin from Liquidambar orientalis. Me, methyl.
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FIGURE 10. Chemical structure of the resin acids of Venetian turpentine from Larix decidua.
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FIGURE 11. Chemical structure of the more volatile ingredients of Venetian turpentine from Larix decidua. Ac, acetyl.

3.7.13 Glycerol-gelatin

Glycerol-gelatin (= glycerol-jelly) was first used in 1852 by Deane (Tab. 1; Bracegirdle 1978, p. 93). It may serve 

as mounting medium and consists of gelatin, glycerol, water, and in the cases of Kaiser’s glycerol-gelatin and 
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Niglytin also phenol (Tab. 5; Amann 1896; Beck 1963; Jentzen 1986; Maybury et al. 1991). Niglytin contains the 

stain nigrosin, which creates a dark background and, therefore, allows visualization of structures with a poor 

contrast including the mucous of algae (Jentzen 1986). A stain included in the mounting medium will migrate to 

the specimen, which will be surrounded by a clear “halo” that is medium with depleted stain (Denham 1923, p. 

192). A medium similar to Kaiser’s glycerol-gelatin contains gelatin, glycerol, lactic acid, phenol, and water 

(Amann 1896). Zander (1997) used only a low amount of phenol or thymol in order to avoid growth of fungi and 

bacteria. It can be expected that phenol will evaporate soon from any un-ringed mount because of its low vapor 

pressure (Tab. 10). Zirkle (1937) suggested a one-step fixing, staining (carmine), and mounting medium with a 

more complex composition (Tab. 5). After boiling, the medium became very firm and could not be re-liquefied 

again by heating to 80°C. Subsequently, it turned out that the medium suffered from various problems (Tab. 6), and 

Zirkle (1940) replaced it by a mixture of glacial acetic acid, carmine, ferric nitrate (Fe(NO
3
)
3
), gelatin, sorbitol, and 

water. Amann (1896) suggested replacement of lactophenol by copper chloride and copper acetate for plant 

material.

Specimens are mounted directly from water on a glass slide warmed on a hotplate, which allows control of the 

temperature more accurately than a Bunsen burner; to this slide, a piece of the solid medium is added and covered 

by a warmed coverslip (Romeis 1948, p. 192; Evens 1961; Beck 1963; Adam & Czihak 1964; Steedman 1976c, pp. 

190–191; Jentzen 1984; Hevers 1985; Maybury et al. 1991). Sanderson (1994, pp. 154–155) recommended 

mounting a specimen from glycerol instead from water in order to prevent cracking of the medium. Amazingly, the 

temperature suggested for heating varies considerably from 40°C (Romeis 1948, p. 192; Steedman 1976c, p. 190), 

50°C (Maybury et al. 1991), 80°C (Beck 1963), to even 100°C (Wilson 1971). The coverslip must be sealed (Evens 

1961; Beck 1963; Jentzen 1984; Hevers 1985; Maybury et al. 1991). Peripheral glycerol-gelatin may be hardened 

with about 4% formaldehyde before ringing (Beck 1963). Some authors report that glycerol may separate from the 

gelatin and the coverslip may detach (Evens 1961; Steedman 1976c, pp. 190–191; Maybury et al. 1991). This is 

supposed to be avoided if 5% formaldehyde or 1% chrome alum are added immediately before mounting. In this 

way, the gelatin is fixed, and the mount cannot be melted again (Evens 1961; Loveland & Centifanto 1986, p. 211; 

Zander 1997). Phenol may fade stains, so thymol is suggested as a preservative (Sanderson 1994, p. 192). Fungi are 

assumed to invade glycerol-gelatin mounts if not sealed with Caedax, but evidence is not provided (Frahm 1990).

Gatenby & Beams (1950, p. 209) and Mitchell & Cook (1952) claimed that mounts might last at least 50 years, 

but Woessner (2005) suggested a life time not beyond 10 years, before the medium cracked. Re-mounting of the 

preparation is done by heating the slide again. However, this procedure should not be repeated too often, because 

the medium will not become liquid; if the temperature rises too high or if the medium is kept liquid for more than 

one week, the medium will not harden again (Morrison 1942; Beck 1963; Hevers 1985; Loveland & Centifanto 

1986, p. 211; Sanderson 1994, p. 192; Zander 2014). If glycerol-gelatin has solidified around a specimens or 

remains on the slide, soaking in a 10% trypsin solution at 20°C for 24 hours may assist in freeing a paleontological 

specimen (Green 1995, p. 162). However, the trypsin may digest a recent biological specimen. Glycerol-gelatin 

may also form cavities, and the coverslip may crack above the specimen (Fig. 18A).

3.7.14 Gum-chloral media

Gum-chloral media are named after the author, who supposedly first introduced the respective recipe, e.g., Berlese, 

Davidson, Doetschman, Ewing, Faure, Hoyer, Imms, and Stroyan, but these assignments seem to be erroneous and 

misleading in many cases (Upton 1993, pp. 267–272, tab. 1). For example, the earliest record by Hoyer (1882, pp. 

23–24; Tab. 1) was quite vague about an exact formula, thus Faure (1910) presented the first precise recipe of a 

gum-chloral medium. One of the more famous known media, Berlese’s medium lacking glycerol, seems to have 

never been used by Antonio Berlese; instead he mounted his slides in Hoyer’s mounting medium containing 

glycerol (Upton 1993, p. 269). Gum-chloral media are still not commercially available but mixed in the scientist’s 

laboratory, possibly also, because chloral hydrate is now a controlled substance in several countries.

Gum-chloral media comprise water-soluble media with or without glycerol (“Berlese”-type), with a low or a 

high chloral hydrate content, with or without glucose syrup or sorbitol, and with or without acetic acid (Upton 

1993, tab. 1). The media contain gum arabic, which consists inter alia of glucuronic acid forming a salt with 

calcium, magnesium, and potassium (Dahl 1951; Mills & White 1999, p. 77; Dror et al. 2006). Such media also 
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contain glycoproteins and polysaccharides from the gum arabic and in some recipes added sugars (Tab. 5; Upton 

1993, tab. 1; Brown 1997, pp. 1416; Mills & White 1999, p. 77; Dror et al. 2006). Chloral hydrate (see chapter 

3.1.2 Chemical maceration) represents a major constituent of any gum-chloral medium. Although solid, chloral 

hydrate has a high vapor pressure (Tab. 10) and may evaporate from an exposed medium in the periphery of the 

mount over a period of several years (Schmid et al. 2016) and from stock solution (Stock & Vaupel Klein 1996). 

Glycerol is supposed to function as plasticizer (Lillie et al. 1953, p. 73). Iodine and potassium iodide in gum-

chloral media result in enhanced contrast of cuticular structures (Higgins 1971, 1986; Westheide & Purschke 1988; 

Amrine & Manson 1996; Faraji & Bakker 2008). Thiomersal (= thimerosal, trade name: Merthiolate; contains 

mercury), phenol, thymol, or white arsenic (As
2
O

3
) are occasionally added as protection against biological growth 

(Lillie et al. 1953, p. 75).

FIGURE 12. Chemical structure of various synthetic polymers. Bu, butyl; Cl, chlorine; CMC, carboxy methyl cellulose; CN, 
cellulose nitrate; Et, ethyl; EtOH, hydroxyethyl; HPMC, hydroxypropyl cellulose; MC, methyl cellulose; Me, methyl; OAc, 
hydroxyacetyl; PBMA, poly(butyl methacrylate); PDMS, poly(dimethyl siloxane); PEMA, poly(ethyl methacrylate); Phe, 
phenyl; PHEMA, poly(2-hydroxyethyl methacrylate); PMMA, poly(methyl methacrylate); PMMA-PBMA, copolymer of 
PMMA and PBMA; PS, polystyrene; PVAc, poly(vinyl acetate); PVC, poly(vinyl chloride); PVC-co-PVOAc, copolymer of 
PVC and PVAc; PVOH, poly(vinyl alcohol); PVP, poly(vinyl pyrrolidone).
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Gum-chloral media deteriorate over time and reveal precipitations, segregation of their components, cavities, 

crystallization, blackening, opaqueness, and excessive maceration to a point, where a specimen is not visible 

anymore (Tabs 6, 7; see also chapter 3.7.25 Discoloration and chapter 3.10 Restoration procedures; Swan 1936; 

Kabata 1986; Upton 1993; Amrine & Manson 1996; Brown 1997, pp. 9–10; Lillo et al. 2010; Neuhaus & Kegel 

2015; Walter & Krantz 2009; Neuhaus pers. obs.). Parasitic Copepoda, stored in a preservative fluid for more than 

120 years, have been mounted in Berlese’s mounting medium just for re-examination; however, specimens were 

macerated by the medium within days and could not be traced again (Kabata 1986). This author attributed the 

disintegration of the specimens to the age of the specimen and to the unknown pre-treatment. Too intense 

maceration of a specimen originates from the chloral hydrate, which exists in any gum-chloral medium to a 

variable amount (Upton 1993; Brown 1997). Maceration of a specimen is stated to be slowed down by integrating 

formaldehyde, which hardens the tissue in the formula of the mounting medium (Jeppson et al. 1975, p. 389). The 

same effect can be observed in specimens stained with Rose Bengal to facilitate easier sorting, which still reveal 

most of the internal organs after decades (Neuhaus pers. obs.). Several authors recommended reducing the amount 

of chloral hydrate (Swan 1936; Higgins 1977, 1982, 1983, 1988; Frahm 1990).

Fine background granulation and segregation of its chemical components occur at least in Hoyer’s mounting 

medium (Neuhaus 2013, fig. 5.5.2C; Neuhaus pers. obs.). Possibly, the crystals observed in all gum-chloral media 

form on drying of the mounting media either from chloral hydrate, from evaporation of acetic acid, from the 

calcium and magnesium salts of the glucuronic acid of the gum arabic, from the polysaccharides of the gum arabic, 

or from a combination of several components (comp. also Tab. 7). Consequently, Dahl (1951, p. 99) suggested 

precipitating the calcium and magnesium ions with sodium carbonate before using the medium. Swan (1936) and 

Higgins (1983) reduced the amount of chloral hydrate in the medium. Swan (1936) recommended re-dissolving the 

crystals by adding some glacial acetic acid to the periphery of the mount and by subsequent heating the slide until 

boiling. Lillie et al. (1953, p. 73) concluded from experimental slides with very high concentrations of glucose, 

invert sugar, maltose, sucrose, and white Karo crystallizing within a month that sugars were responsible for 

crystallization of gum-chloral media. These sugars were added to some types of gum-chloral media but not to all in 

order to raise the refractive index of the media (Lillie et al. 1953, p. 73). Crystallization of media was also 

attributed to variable quality of gum arabic possibly sampled from different Acacia trees (Tab. 7; Freeman 1987).

Quite conflicting opinions exist as to whether microscope slides with gum-chloral media should be ringed or 

not and whether or not this would inhibit crystallization of the mounting medium (Tab. 7; summarized by Upton 

1993, pp. 267–272). Crystallization has been experienced early until recently (Tab. 7) and different hypotheses 

have been proposed about the origin of these crystals (Tab. 7). The controversial opinions about the advantages and 

disadvantages of gum-chloral media are summarized by date in Table 7 in order to allow the reader to make up his/

her mind about the rationale behind the arguments given in the literature despite the ever growing evidence for the 

disastrous properties of gum-chloral media. Upton (1993, p. 273) summarized “The reasons for the many cases of 

deterioration being encountered appear to be numerous and varied. Incursions of air, too much chloral hydrate, too 

little chloral hydrate, crystallization of chloral hydrate, poor quality gum arabic, presence of phenols, absorption of 

atmospheric moisture, too much glucose, contamination of medium by ringing compound, incorrect heat treatment 

of slide after preparation, etc., have all been cited as causes. To complicate matters still further the deterioration 

often occurs randomly within a single batch of slides with some breaking down a year or more ahead of others. 

Eventual breakdown would now, however, appear inevitable.” He also strongly suggested not to mount any 

specimen of taxonomic importance in a gum-chloral medium and to use Euparal instead, because its refractive 

index was close to that of the gum-chloral media and its longevity was well known. Probably, the regulations about 

chloral hydrate in some countries may solve the dispute about using gum-chloral media in the long run, but the 

problem with existing deteriorating collections will continue for quite some time.

Keifer (1979, p. 23) and Amrine & Manson (1996, p. 386, tab. 1.6.3.1) suggested replacing gum arabic of 

gum-chloral media by benzophenone- 3,3’,4,4’-tetracarboxylic dianhydride (= BTDA; Fig. 14; Tab. 5) for 

mounting mites. No written information was found about how long slide mounts may last in this medium. 

However, Amrine (pers. com.) mentioned problems with too intense maceration of specimens and formation of 

crystals in the medium but not with granulation of the medium, which is common in gum-chloral media (Tab. 6).

Amann (1896) used gum arabic, glucose, and lactophenol.
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FIGURE 13. Chemical structure of various chemicals such as clearing agents, macerating agents, plasticizer, and organic 
solvents used for microscope slide preparation, part 1. Me, methyl; Phe, phenyl.

3.7.15 Permount™

Permount™ seems to have been produced in at least two formulae, and there is some confusion in the literature 

about its composition. The original formula is supposed to represent a naphthalene polymer and to have become 

unavailable before 1953 (Lillie et al. 1953, p. 66). Wicks et al. (1946, p. 122) claimed that this Permount™ (old) 

was identical with Clarite X (= Nevillite I) of Groat (1939), which became unavailable before 1950 (Lillie et al.

1950, p. 2). However, Lillie et al. (1950, p. 4, 1953, tab. 1B) stated that Clarite and Clarite X were cycloparaffin 
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polymers. Roe et al. (1991, p. 62) mentioned that “Permount has been reformulated in recent years”, which may 

indicate a third formula, because these authors probably did not refer to the change before 1953.

FIGURE 14. Chemical structure of various chemicals such as clearing agents, macerating agents, plasticizer, and organic 
solvents used for microscope slide preparation, part 2. Et, ethyl; n-Bu, n-butyl; OBu, butoxy.

Permount™, probably the new formula mentioned by Lillie et al. (1953), is reported to develop annular bands 

of cracks and to exhibit fading stains; both processes are assigned to oxidation starting from the margin of the 

coverslip (Figs 16D–J, 17A–F; Hollander & Frost 1970, 1971; Loveland & Centifanto 1986, p. 189; Halliday 

1994). An anti-oxidant like 2,6-di-tert-butyl-p-cresol has been found to inhibit both cracking and fading for at least 

eight years (Hollander & Frost 1971). One reviewer of this manuscript mentioned that N. W. Riser added terpineol 

at 5% to Permount™ therefore increasing the longevity of the mountant to decades. This concentration is also 

found in Bullock (1980). An unknown anti-oxidant is used in today’s formulae at least by Bioworld and EMS (see 

references in Tab. 5). Crystals form within 5–20 years on microscope slides with Lepidoptera at the Natural History 

Museum London, but it seems the problem can be overcome in this case by soaking the slide in xylene (Halliday 

1994; Brown 1997, p. 9). 

However, this procedure does not work that successfully with mounts of the kinorhynch Cateria gerlachi

Higgins, 1968. The mounting medium of almost all slides is impacted by deterioration, which at an early stage 

forms irregularly distributed narrow cracks in the otherwise transparent medium (Fig. 16G–I) and, at later stages of 

deterioration, develops more and wider cracks and turns whitish to yellowish macroscopically (Fig. 16D–F, J, 

17A–F; Neuhaus & Kegel 2015, fig. 18A–C). Specimens cannot be studied with light microscopy anymore once 

the cracking has begun. Cracking starts initially in the entire medium (Fig. 16G–I), and may form wider cracks 

more or less from the periphery of the coverslip towards the center (Fig. 16J), but may leave some peripheral areas
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FIGURE 15. A, B. Liquid mounts, mostly dry except for 1st slide in A with central gas bubble (white arrowhead) and B; 
mounted probably in formaldehyde about 1913 (A) and about 1897 by Rousselet (B). Notice precipitations in A (black 
arrowheads) and inner coverslip seal of foamy brownish structure (B, asterisk). C. Kinorhynch mounted in Aquatex® between 
1985 and 1990 by Neuhaus showing cracks in the medium. D. Part of Aphidina mounted in Caedax with numerous small bright 
crystals. E, F. Aphidina mounted in Canada balsam 1907 by Heymont (E) and in Celochloral in 1965 by Göllner-Scheiding 
(F). Notice yellowed mounting medium in periphery of coverslips. G, H. Kinorhynch mounted in CMCP-10 in 1992 by 
Neuhaus. Notice crystals near specimen (arrows in G) and in periphery of coverslip (H). I, J. Histological sections mounted in 
DPX in the 1980s in the lab of Sluys. Notice crystals at a distance from section (I), enlarged in J. A, B, E, F: macro lens; C, D, 
G-J: DIC. Scalebars: A, B, E, F 2 cm; C, G-I, 500 µm; D, 300 µm; J, 50 µm.
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FIGURE 16. A-C. Aphidina mounted in lactophenol gum about 1950 by Heinze, overview (A) and enlargements with cracked 
and darkened medium (B, C) with crystals (C). D-J. Kinorhyncha mounted in Permount™ between 1964 and 1968 by Higgins; 
early stage of deterioration with initial cracks (G-I), intermediate stage with incomplete crack coverage (D, J: see also same 
slide in Fig. 16A), and final stages with entirely cracked and whitish (E: see also same slide in Fig. 16B, C) or yellowish (F: see 
also Fig. 16D-F; same slide) mounting medium. Arrowheads mark specimens. A, D-F: macro lens; B, G, J: bright field 
illumination; C, H, I: DIC. Scalebars: A, D-F, 2 cm; B, G, J, 5 mm; C, H, 300 µm; I, 200 µm.
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with narrower cracks (Fig. 17B). In two cases with no or only peripheral cracks, the upper coverslip detached 

during examination with an oil immersion lens. Restoration efforts with soaking in water and thymol crystals added 

to prevent bacterial and fungal growth for more than 10 weeks on a hotplate at 45° C were totally in vain as were 

soaking tests with solvents like ethanol and acetone. Eventually, xylene proved to dissolve the medium within less 

than a minute resulting in specimens broken into several pieces or at least without many of the spines or with 

broken spines (Neuhaus & Kegel 2015). Probably either the cracks in the mounting medium have destroyed the 

specimen during their formation, or the solvent xylene causes a rapid swelling of the polymer leading to the 

breakdown of the specimen’s integrity. A small part of the old mounting medium seems to remain partly with the 

specimen  (Neuhaus & Kegel 2015).  The  mounting  medium  of  C. gerlachi certainly did not represent Hoyer’s 

medium as stated in the original publication (Higgins 1968), also because the large cracks did not resemble the 

crystals that the senior author has seen in other specimens mounted in Hoyer’s. Raman spectroscopy revealed that 

Permount™ was used (Schmid et al. 2016), a medium that Higgins mentioned in an earlier publication for a 

different species (Higgins 1961). From this discovery it can be concluded that Higgins applied Permount™ for 

mounting kinorhynchs on microscope slides until at least 1967. Our results on Cateria gerlachi mounted in 

Permount™ agree entirely with the findings of Hollander & Frost (1970, fig. 1A–D) on cytopathological slides 

mounted with Permount™ and Histoclad®. These authors suggested seasonal fluctuations in temperature, 

humidity, etc. as cause of the regularly arranged peripheral cracking.

3.7.16 Polyacrylates and polymethacrylates

Polyacrylates. A water-soluble acrylic varnish for household purposes, “Tiger neu Email wasserlöslicher 

Acryllack” (Available from: http://www.tiger.at”, accessed 17 December 2015), was suggested for parts of insects 

as a possible temporary mounting medium, because a specimen could be mounted directly from water in the 

varnish, which saved quite some time; the mounts lasted at least two years (Lödl 1999). The varnish is milky on 

application, but dries to a transparent medium if the specimen is not too thick. Unfortunately, it turned out that the 

medium shrank to an extent that extensive cavities developed in the medium (Lödl pers. com.). The acrylate 

varnish is derived from an acrylic acid (Horie 2011, p. 153).

Polymethacrylates. Polymethacrylates (Fig. 12; Tab. 5) are components of mounting media like Entellan® 

new [PnBMA = poly(n-butyl methacrylate)], Eukitt™ [PBMA-PMMA = poly(butyl methacrylate-co-methyl 

methacrylate)], Elvacite® 2044 [previously Lucite® 44; PnBMA = poly(n-butyl methacrylate)], Elvacite® 2046 

[previously Lucite® 46; PnBMA-PiBMA = poly(n-butyl methacrylate-co-iso-butyl methacrylate)], Loctite® 

363™ Impruv® Potting Compound Light Cure (methacrylate, polyurethane methacrylate resin, hydroxyalkyl 

methacrylate, g-glycidoxypropyl trimethoxysilane), Lucite™ [PMMA = poly(methyl methacrylate)], Technovit® 

7100 [PHEMA = poly(2-hydroxyethyl methacrylate)], and for light and electron microscopy such as HPMA (= 

poly(2-hydroxypropyl methacrylate) (Richards & Smith 1938; Frison 1955; Leduc & Holt 1965; Feller 1971, p. 

122; Crumpton 1987; Horie 2011). Loctite® 363™ Impruv® Potting Compound Light Cure is cured by UV light 

(Silverman 1986). A comparison of four MSDS of this medium from 2004, 2007, 2010, and 2014 reveals changes 

in the ingredients by the manufacturer (Tab. 5). Pontalite, introduced as mounting medium by Skiles & Georgi 

(1937), is supposed to be either a polystyrene (Gray & Wess 1951) or identical with the poly(methyl methacrylate) 

Lucite™ (Lillie et al. 1950). Technovit® 7100 and HPMA require a hardener and can be stored mixed with the 

hardener in a freezer for at least one year; polymerization may be at 60°C or by UV light (Tab. 5; Leduc & Holt 

1965; Crumpton 1987; Sänger pers. com.).

Both poly(methyl methacrylate) and poly(iso-butyl methacrylate) do not qualify as a permanent mounting 

medium if used alone, because they do not adhere well to glass surfaces and some stains fade within less than five 

months (Richards & Smith 1938; Groat 1940; Hamilton 1940; Loveland & Centifanto 1986, p. 192). At least 

poly(methyl methacrylate) sets on drying and cavities develop in the periphery of the coverslip (Richards & Smith 

1938), but its UV-durability seems to be satisfying if stabilizers are incorporated into the polymer (Wypych 2013, 

p. 358). Diffusion of water causes stress cracking of the polymer over time (Wypych 2013, p. 429). Therefore, 

Groat (1950) advocated a copolymer of iso-butyl methacrylate and styrene, whereas Loveland & Centifanto (1986, 

p. 192, tab. III) suggested several different plasticizers for various methacrylates (Tab. 14), e.g., diethyl phthalate 

for poly(methyl methacrylate), dibutyl phthalate for poly(ethyl methacrylate), butoxy ethyl phthalate for poly(n-

butyl methacrylate), and castor oil for poly(iso-butyl methacrylate). These authors also stated that certain stains 
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faded in poly(methyl methacrylate-co-butyl methacrylate), except if the amount of the peroxide catalyst was 

reduced to far less than 1%. Commercial products are supposed to contain the catalyst well in excess in order to 

compensate for an inhibitor in the raw mixture without actually having to remove the inhibitor (Loveland & 

Centifanto 1986, pp. 192–193). As picture varnishes, both poly(n-butyl methacrylate) and poly(iso-butyl 

methacrylate) “develop 50–80% insoluble matter after exposure” to “daylight under an average illumination level 

of 50 footcandles” for 50 years (Lomax & Fisher 1990). These methacrylates can be removed from pictures even 

after about 30 years with acetone, toluene, or mixtures thereof. In histology, methacrylates may be dissolved in 

acetone or in sodium ethoxide made from sodium hydroxide in anhydrous ethanol (Sanderson 1994, p. 72). In 

another recipe, sections of poly(methyl methacrylate-co-butyl methacrylate) are soaked in 2-methoxy ethyl acetate 

and subsequently in acetone (Erben 1997).

FIGURE 17. A-F. Kinorhyncha mounted in Permount™ between 1964 and 1968 by Higgins; intermediate stage of 
deterioration with incomplete crack coverage (A: see also same slide in Fig. 15J), and final stages with entirely cracked and 
whitish (B, C: see also same slide in Fig. 15E) or yellowish (D-F: see also same slide in Fig. 15F) mounting medium. Cracks at 
specimen (E) and at margin of coverslip (F). Arrowheads mark specimens. A, C: DIC; B, D: bright field illumination; E, F: 
dark field illumination. Scalebars: A, C, E, F, 500 µm; B, D, 5 mm.
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FIGURE 18. A. Polychaete in glycerol-gelatin with unharmed medium (mo), formation of cavities (ca), and coverslip cracked 
above specimen (arrowheads). B-H. Kinorhyncha mounted in polyvinyl lactophenol between 1985 and 1990 by Neuhaus, 
unringed; currently not affected mounting medium (mo) and areas at different stages of deterioration with extensive cavities 
(ca), drops of fluid (fl; B, F), and formation of different kinds of crystals (cy). B, C. Overview of damage on two slides. 
Arrowheads mark specimens. D-F. Details of radially growing (D, F), rectangularly growing (F, H), leaf-like (D, E, G), and 
tree-like (H) crystals. A-C: bright field illumination; D-H: DIC. Scalebars: A-C, 5 mm; D-H, 500 µm.

Technovit® 7100 is used as mounting medium of biological objects for histological sectioning but requires the 

plasticizer poly(ethylene glycol) 400 to obtain serial sections (Gerrits & Smid 1983). Technovit® 7100 cannot be 

dissolved by organic solvents again once hardened (Vermathen 1993). This limits the number of possible stains and 

requires that the sections are also mounted in Technovit® 7100 after staining; however, the topography of the cells 
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may be preserved better, and thinner histological sections can be obtained leading to improved resolution 

(Vermathen 1993). Whereas uncured Entellan®, Eukitt™, Elvacite® 2044, and Elvacite® 2046 are soluble in 

organic solvents only, HPMA is partly miscible with water (6–10%). During exposure to simulated sunlight, 

scissioning reactions of the polymer chains predominate in lower methacrylates like poly(ethyl methacrylate), but 

the polymer chains cross-link in the higher methacrylates (Horie 2011, p. 153). Cross-linking results in reduced or 

total insolubility in organic solvents, as has been demonstrated for poly(n-butyl methacrylate) (Horie 2011, p. 159). 

“It is possible to construct copolymers with the required physical properties and with the desired balance of 

scissioning/cross-linking behaviour” (Horie 2011, p. 155). Poly(hydroxypropyl methacrylate) (= HPMA) has been 

shown to represent a health risk for humans (Taylor 1989). It should be assumed that other polymethacrylates are 

quite hazardous for humans too.

Phytoplankton may be mounted as bulk preparations on a glass slide in LR White resin, made by London Resin 

Company (Linskens 1996). Unpolymerized LR White is miscible with up to 12% of water by volume (Newman 

1987). The medium seems to consist mainly of poly(hydroxy di-ethoxylated bisphenol A dimethacrylate) and the 

catalyst dibenzoyl peroxide ( Available from: http://www.agarscientific.com/media/import/

AGR1281_LR_White_Resin_medium_catalysed_MSDS.pdf, accessed 01 July 2016; Newman 1987). Specimens 

may be cut out of the flat resin layer with a scalpel. The resin has to be cured in an oven at 50°C for 48 hours under 

the exclusion of oxygen, e.g., sealed by Thermanox™ coverslips in a nitrogen-rich atmosphere (Linskens 1996) or 

in a gelatin capsule, in order to prevent a tacky surface due to unpolymerized resin (Sanderson 1994, p. 71).

However, polymerized LR White remains hydrophilic and is, therefore, swelled by moisture; the amount of cross-

linking and, therefore, of swelling depends on the curing conditions (Newman 1987). Specimens are also well 

suited for TEM and because of its hydrophily for antibody labelling after fixation in glutardialdehyde and picric 

acid (Newman et al. 1982).

3.7.17 Polyester

Polyesters like Bio-Plastic® (= Polylite®) used for casting macroscopic biological specimens have also been 

suggested as mounting medium for microscope slides (Tab. 5; Senior 1970). In the case of Bio-Plastic® like in 

most other polyesters, the unsaturated polyester pre-polymers react with styrene, catalyzed by methyl ethyl ketone 

peroxide (Tab. 5; Horie 2011, p. 283). However, not all unsaturated groups of the polyester pre-polymer react and, 

therefore, represent a “source of instability”, which are prone to attack by oxygen and water; exposure to light leads 

to yellowing of polyesters (Horie 2011, p. 285). One case of a macroscopic specimen is known, where the resin 

turned milky and opaque after about 22 years (Meurgues 1982).

3.7.18 Poly(vinyl acetate) copolymers

The synthetic mounting medium Vinylite seems to be composed at least of the copolymer poly(vinyl chloride-co-

vinyl acetate), a Flexol plasticizer, and the solvent Cellosolve™ (Fig. 12; Skiles & Georgi 1937; Gray & Wess 

1951; Lillie et al. 1953). The name Vinylite is no longer current (Horie 2011, tab. 7.1). Stains fade rapidly within 

one or two weeks except methenamine silver, which lasts for months (Lillie et al. 1953, p. 71).

For plant material except algae, Metcalfe & Richardson (1949) mixed Solvar S.357, a copolymer of 30–37% 

poly(vinyl acetate) and poly(vinyl alcohol), with water and formaldehyde or thymol to prevent potential growth of 

fungi; alternatively, lactophenol was included in the medium. Slides may last at least 18 months, but crystals 

growing radially from the specimen may develop after one year in the medium containing lactophenol (Metcalfe & 

Richardson 1949). Specimens can be stained with cotton blue but not with hematoxylin and safranin, because the 

stains tend to migrate into the mounting medium.

Poly(vinyl acetate) like Mowilith (Hoechst, no longer available under this name according to Horie 2011, 

p.138) is transparent, but shrinks considerably on drying on a slide (Perruche 1933). Poly(vinyl acetate) is “usually 

slightly branched” and swollen by water (Horie 2011, p. 137). The cured resin seems to remain flexible at room 

temperature, but shows cold-flow behavior and picks up dirt easily. UV light causes oxidation and cross-linking 

(Horie 2011. p. 137).
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3.7.19 Poly(vinyl alcohol)

General remarks. Poly(vinyl alcohol) has been introduced both as a mounting medium and for dehydrating 

histological samples by Lubkin & Carsten (1942, 1944; Fig. 12; Tab. 1). It has been used as the polymer of home-

made media for mounting arthropods and contains glycerol and lactic acid; acetone, chloral hydrate, or phenol 

were included or not; the medium is also commercially available (Tabs 5, 12, 13; Downs 1943; Salmon 1947, 

1951a, 1951b, 1954; Gray & Wess 1950; Brown 1951; Heinze 1952; Lipovsky 1953; Rutledge 1954; Russel 1961; 

Singer 1967; Heikinheimo 1988; Koomen & Vaupel Klein 1995). Zander (2014) suggested a home-made mounting 

medium, Elmer’s Washable Clear School Glue™, or Colorations™ Washable Clear Glue for delicate plant 

specimens; all media seem to consist mainly of a poly(vinyl alcohol), glycerol, and water. Both home-made media 

and the glues by Elmer’s and Coronations are supposed to be re-mountable by soaking, but no indication is given 

about how long after mounting the polymer remains dissolvable (Zander 2014). Ribeiro (1962) mixed a poly(vinyl 

alcohol) with chloral hydrate, formic acid, and phenol. In his later recipe, he omits both chloral hydrate and phenol 

(Ribeiro 1967). Glycerol, and more specifically, the water bound by the hygroscopic glycerol acts a plasticizer 

(Spurr 1954; Witte 1976). Poly(vinyl alcohols) are produced in different qualities. Two numbers usually indicate 

the degree of polymerization (first number) and the percentage of saponification (second number). Unfortunately, 

this detailed information is not always provided in the literature (Downs 1943; Gray & Wess 1950; Brown 1951; 

Ribeiro 1962).

Spurr (1954) included in his recipe 40% water, 18% Elvanol 51-05 (DuPont, low viscosity grade), 34% 

cadmium iodide, and 8% fructose, which acted as plasticizer. The refractive index of the dry medium varies from 

nD20°C = 1.5150–1.6020 depending on the amount of cadmium iodide. Cadmium iodide prevents bleeding of many 

stains in the aqueous medium for at least 9 months. However, crystals develop in the medium or tissue if sections 

are stained with acridine yellow, indulin scarlet, new methylene blue N, or pyronin Y (Spurr 1954). Fading of 

stains such as hematoxylin can be prevented by reducing the amount of cadmium iodide to about 6%.

Salmon (1947, 1951a, 1951b) experimented with Elvanol Type A (51.A.05) and Type B (70.A.05) as well as 

with Elvanol 71–24 from Du Pont, with a W.28-02 from an unknown company (Wacker?), and a No. 52-22 and No. 

72-51 from ICI. The latter two poly(vinyl alcohols) seem to develop crystals within a short time (Salmon 1951b). 

Lubkin & Carsten (1942, 1944) selected RH-393 from E.I. du Pont de Nemours. Downs (1943) and Lipovsky 

(1953) chose the alcohol from E.I. du Pont de Nemours (RH-349), which dissolved in cold but not in warm water. 

Heinze (1952) used poly(vinyl alcohol) either from Wacker (W 28-02) or from Bayer (S 70). Beer (1954, p. 1111) 

recommended Type B low-viscosity Elvanol 70-05 and 90-25.

Danielsson (1985, p. 384) suggested for his medium Polyviol, a mixture of ethanol, water, lactic acid, and two 

different poly(vinyl alcohols) “with a high difference in the degree of polymerization and both must have a high 

percentage (98%) of saponification”, viz, Mowiol® N 4-98 and N 56-98. This recipe was also followed by 

Heikinheimo (1988). The idea goes back to a recipe for Polyviol 17 by Frej Ossiannilsson who mixed Mowiol® N 

30-98 and N 90-98; production of these latter alcohols by Hoechst was discontinued (Danielsson 1985). 

Collembola mounted in poly(vinyl alcohol) usually shrink if treated with lactic acid or lactophenol before 

mounting (Rusek 1975). Cavities and crystals may develop over time (Fig. 19E, F).

Polyvinyl lactophenol. Gas bubbles in the medium on the microscope slide may be removed by dropping 

small droplets of 70% ethanol from a dissecting needle onto the medium; gas bubbles will migrate to the surface of 

the medium and burst (Koomen & Vaupel Klein 1995, p. 435).

Polyvinyl lactophenol causes alkaline stains to fade because of the lactic acid in the medium (Salmon 1951a). 

In addition, granular precipitations occur, but usually slides last longer than four years (Salmon 1951a). Droplet-

like structures are supposed to represent a segregation of the chemical components of the medium (Fig. 7F) 

originating from an unsuitable intermedium during the mounting process (Woelke & Göke 1984, figs 1, 3). These 

authors also suggest that radially growing crystals or other crystals develop if the medium dries too quickly or at a 

too high temperature (beyond 40°C: Russel 1961) if the storage temperature of the slides is too low for some time, 

or if the mounting medium contains chloral hydrate (Woelke & Göke 1984, pp. 212–213, fig. 2). In addition, a 

coverslip seal is necessary to prevent the evaporation of water and consequently shrinkage of the medium and 

uptake of humidity from the air; slides may last at least 30 years (Hirschmann & Woelke 1960; Woelke & Göke 

1984, p. 211; Hooper 1986b). If the medium sets in an unsealed slide, a specimen may be crushed by the coverslip 

within two years (Müller 1983), probably because of evaporation of water. Crystals and turbidity are observed in 
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some slides (Bink 1979). The mounting medium turns brown and thickens (polymerization?) after exposure to light 

for several months (Lipovsky 1953). Huys & Boxshall (1991, p. 451) report too intense maceration of copepods 

within 10 years, formation of crystals, and drying out. Cuticle and setation of marine mites will be overly 

macerated within a few years (Bartsch 1988). Hirschmann (1984) stated that slides might last at least 25 years. 

Phenol in the media seems to have caused shriveling of delicate specimens, so this chemical is omitted in a later 

formula (comp. Salmon 1951a and 1954). Mounts of Kinorhyncha mounted in polyvinyl lactophenol exhibit 

numerous cavities and at least four different kinds of crystals, namely irregularly growing crystals, aggregations of 

spherical crystals, radially growing crystals, and crystals with a rectangular basic structure (Figs 18B–H, 19A–D; 

Neuhaus 2013, p. 278, fig. 5.5.1.C–D, 5.5.2.A–B). Salmon (1947, 1951a) attributed the development of 

precipitations in the medium to unbalanced proportions of poly(vinyl alcohol), lactophenol, and water. Lipovsky 

(1953) stressed that phenol plus lactic acid must not take up more than 50% of the medium by volume to avoid a 

tacky and soft medium (see also Salmon 1947, 1951a); lack of these components would cause problems with re-

mounting a specimen. Danielsson (1985) suggested, on the contrary, that chloral hydrate and phenol were 

responsible for the loss of volume during drying of the mount and formation of cavities from the periphery of the 

coverslip and omitted these substances. An incorrect proportion of poly(vinyl alcohol) in the mounting medium is 

supposed to crack the coverslip over the specimen (Lipovsky 1953). The permeability to oxygen is quite low but 

increases with the uptake of water (Mills & White 1999, p. 132; Comyn 1986, p. 284). Generally, poly(vinyl 

alcohols) shrink by about 50% on drying (Heikinheimo 1988), are hygroscopic (especially at relative humidity > 

75%) and light stable; they may cross-link over time releasing water but remaining water-soluble (Witte 1976; 

Mills & White 1999, p. 132; Horie 2011, p. 143). If glycerol, lactic acid, and phenol are included in the medium, 

the latter seems to become insoluble in water (Brown 1951). However, conflicting evidence is given that re-

mounting seems to be possible by soaking for one to several days either in water (Tab. 13: Technique C; Salmon 

1954) or in 70% ethanol (Koomen & Vaupel Klein 1995, p. 435) or not possible at all (Ossiannilsson 1958; Singer 

1967).

Fluoromount G™. The commercial Fluoromount G™ was (Sørensen & Pardos 2008, p. 35), and still is, 

much favored for mounting Kinorhyncha, but turned out to segregate into its chemical components in the form of 

droplets (Fig. 20D) and to develop cavities and crystals under the coverslip over time (Fig. 20A–C, E, F; Neuhaus 

2013, pp. 278, 308, fig. 5.1.18B–D, 2017, fig. 1A–C). Specimens of Tubulideres seminoli Sørensen et al., 2007 and 

Wollunquaderes majkenae Sørensen & Thormar, 2010 were originally mounted in Fluoromount G™ and sealed 

with Glyceel sometime after 2003 and after 2006, respectively. Of the 25 slides, the mounting medium of 10 slides 

(= 40%) revealed by the year 2013 smaller or larger, usually circular cavities anywhere under the coverslip now in 

almost all cases affecting microscopic investigation of the specimens (Fig. 20B, C). In addition, three kinds of 

crystals occurred on all slides, anywhere under the coverslip and even on the specimens (Fig. 20C, E, F). Of the 12 

specimens of Polacanthoderes martinezi Sørensen, 2008 mounted around 2005 in Fluoromount G™, 11 (= 92%) 

showed cavities in the year 2015 and all 12 (= 100%) crystals. The most frequent type of crystals found in these 

three species on 31 slides (= 84%) appeared as very small, flat, platelet-like discs (Fig. 20A; Neuhaus 2013, fig. 

5.1.18B–D), a second type of circular crystals on 9 slides (= 24%) seemed to grow radially from a center (Fig. 

20B–E), and a third type of crystals exhibiting an almost rectangular growth pattern could be discerned on five 

slides (Fig. 20B–D). The latter two types of crystals were especially disastrous, because they often formed at the 

specimen and may become quite large, finally overgrowing the specimen (for comparison see Fig. 20E, F; Neuhaus 

2017, fig. 1A–C). Usually, only one type of crystal occurred on a given slide, but occasionally a slide yielded 

several types of crystals. In summary, of 37 slides of P. martinezi, T. seminoli, and W. majkenae 19% were heavily 

impacted by crystals at and on the specimen. In 18 slides (= 49%) the specimen was surrounded by a large cavity 

and in 8 slides also by extensive crystals; these 18 slides will be unusable for scientific studies unless re-mounted 

soon. At least, Fluoromount G™ is soluble in water even after about 10 years (Tabs 6, 13; Neuhaus pers. obs.).

3.7.20 Silicone rubber

A silicone rubber, viz, Loctite® Hybrid Glue containing (3-(2-aminoethyl) aminopropyl) trimethoxysilane, has 

been suggested as a permanent mounting medium for type material of Protozoa in museum collections; slides last 

at least one year (Fig. 12; Criado-Fornelio et al. 2014). Considering the problems with silicone rubbers addressed 
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below in chapter 3.8.14 Silicone rubber, this medium may not really represent a long-lasting alternative to Canada 

balsam as claimed by the authors.

FIGURE 19. A-D. Kinorhyncha mounted in polyvinyl lactophenol between 1985 and 1990 by Neuhaus, unringed; currently 
not affected mounting medium (mo) and areas at different stages of deterioration with extensive cavities (ca) and formation of 
different kinds of crystals (cy). Specimens marked by asterisk. E, F. Aphidina mounted in Polyviol; now deteriorating with 
cavities and crystals. A-F: DIC. Scalebars: A-D, 500 µm.
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FIGURE 20. A-F. Kinorhyncha mounted in Fluoromount G™ between 2002 and 2008 (A, B), 2003 and 2007 (C, D: same 
slide), and 2006 and 2010 (E) by Sørensen (A-E) and 1999 and 2012 by Herranz (F). Currently not affected mounting medium 
(mo) with severe deterioration like cavities (ca), platelet-like (A), rectangularly growing (B-D), radially growing (B-E, 
arrowheads), small chaotic (D) crystals (cy), and segregation of ingredients of mounting medium resulting in formation of 
bubbles (F). Specimens marked by asterisks. A, DF: DIC; B, C: bright field illumination. Scalebars: A, E, 300 µm; B, C, 2 
mm; D, 500 µm; F, 200 µm.
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3.7.21 Visikol™

The formula of Visikol™ is proprietary (http://www.visikol.com), but glycerol, a preservative, and a 

polychlorinated alcohol are mentioned as being present (Villani et al. 2013; Tab. 1). A patent by the same authors 

states that the medium may consist of glycerol, trichloroethanol, trichloroacetic acid, one or more C1-C6 alcohols, 

one or more inorganic (hypochloric / phosphorous / sulfuric acid) and organic acids (acetic / citric / formic / lactic 

acid), a synthetic resin like poly(vinyl pyrrolidone), and additional compounds like a buffering system and 

preservative (Simon et al. 2015). From this patent, it becomes obvious that Visikol™ represents a mounting 

medium that macerates a specimen chemically at the same time. Long-time experience with Visikol™ is lacking as 

yet. However, based on the experience documented in the literature (Tabs 5, 6) with synthetic mounting media 

containing macerating agents, it may be expected that Visikol™ will show similar problems in durability as the 

longer known mounting media.

3.7.22 Water-glass-Glycerol

A mixture of water-glass (= sodium silicate; Fig. 12) and glycerol has been suggested in different proportions as 

mounting medium. In the recipe with a high proportion of water-glass (Creaser & Clench 1923), the glycerol 

functions as a plasticizer “to keep the water-glass from crystallizing”; in the method with a lower proportion of 

water-glass, the latter is used as a kind of coverslip seal “to hold the glycerin to the microscope slide” (Zander 

2014). With the evaporation of water from the medium in the latter recipe, water-glass migrates to the periphery of 

the coverslip and precipitates as whitish or brownish crystals, and the central area of the mount with the specimens 

contains mainly glycerol (Zander 2014, p. 3). Mounts should be ringed (Creaser & Clench 1923). Whereas the 

latter authors report that material mounted in plain water-glass would suffer from crystallization of the medium 

within three months, Quisumbing (1931) suggested just this and claims that mounts would last at least one year.

3.7.23 Zeiss W15, L15, and L25

In search of a mounting medium with a satisfying refractive index of nD = 1.515 for investigation of sections with 

phase contrast, von Hirsch experimented with several mounting media and finally developed a medium composed 

of an ester of phthalic anhydride and glycerol (Hirsch & Hager 1955, p. 152). With an increasing amount of 

phthalic anhydride during the synthesys of the medium, the refractive index also increased. A combination of 

glycerol:phthalic anhydride 2:1 resulted in an index nD = 1.515 (Hirsch & Hager 1955, p. 152). Subsequently, the 

company Carl Zeiss in West Germany offered several mounting media based on the recipe of von Hirsch, viz, P 50, 

Phako 515, and Phako 525 especially designed for phase contrast microscopy (Zölffel, pers. com.). These media 

were later renamed W15, L15, and L25, respectively, and contained phthalic anhydride, glycerol, and water (water 

= Wasser: W15) or an organic solvent like ethanol (solvent = Lösungsmittel: L15, L25) and possibly other, 

proprietary ingredients (Fig. 14; Tab. 5; Zölffel, pers. com). Whereas W15 remained liquid, L15 and L25 hardened 

over time. The mounting media can still be ordered from Carl Zeiss Microscopy and are prepared on request. 

Written information about W15, L15, and L25 is very limited. Several authors suggest to use W15 (Westheide & 

Purschke 1988; Huys & Boxshall 1991). A brochure by Zeiss shows an image of the media (Anonymous 1960). 

The brochure also contained an inlay with additional information about how to apply the media (Zölffel, pers. 

com.).

3.7.24 Media with a high refractive index (Aroclor®, Coumarone, Hyrax, Naphrax™, Novolacs, Pleu-

rax, Styrax) 

General remarks. Mounting media with a high refractive index are mainly used in biology especially for the study 

of diatoms but also for marine mites and Radiolaria (e.g., Newell 1947; Hasle & Fryxell 1970; Göke 1973, 2000; 

Bartsch 1988; McLaughlin 2012). The diatom shells possess a refractive index of nD = 1.43, so any medium must 
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reveal a considerably higher refractive index in order not to mask fine details (Beck 1959). A historical overview of 

such media and how some of the media may be created was provided by Van Heurck (1898), Beck (1959), and 

Meller (1985). Although the articles by Beck and Meller were published in a journal addressing as one key group 

German-speaking amateurs, the recipes contained quite hazardous components and, therefore, certainly required 

considerable understanding of the underlying chemical processes and laboratory facilities including a hood. With 

current knowledge, many recipes found in these and other references have to be regarded as quite adventurous and 

represent a serious risk for human health and the environment, e.g., media containing arsenic sulfide (= realgar), 

arsenic bromide, and triphenyl arsenic (Meller 1985). Diatom shells have also been sputter-coated with realgar or 

arsenic selenide and observed mounted in balsam and Hyrax (Hanna & Grant 1940; Spence 1941a). Transmission 

of Pleurax for UV light is very limited, and Naphrax and Styrax reveal significant fluorescence, so observation of a 

specimen in these media is only possible with white light but not with UV light (Höbel 2008). Summarizing 

information about mounting media with a high refractive index is also found in McCrone (1984), Loveland & 

Centifano (1986), and McLaughlin (2012).

Several media like Alcarin, Aroclors®, Clearax (G.T. Gurr Ltd.), Diatopan (Chroma), Mikrops (Flatters and 

Garnett), and Plexisol (Kosmos Lehrmittel) are no longer available, because the manufacturer does not exist 

anymore or because the production of certain components of the media were forbidden (Beck 1959; Meller 1985; 

Göke 2000; Wiggins & Drummond 2007) and are not treated in more details here except for Aroclors®. The same 

is true for some media identified simply by numbers but without much information about their origin or the 

ingredients they contain (Liva 1983). Clearax and the Yellow Medium after Smith form crystals over time (Meller 

1985; Göke 2000). Rosenfeldt (1984a, 1984b, 1984c) provides information on how to check the refractive index of 

mounting media with two cheap methods and to calculate the refractive index of chemicals based on physical data 

of their atoms. The basic idea of this author is that amateurs should develop a mounting medium with a high 

refractive index, because a company will not do so given the small number of users for such a product.

Aroclors®. Aroclors®, containing polychlorinated biphenyls and polyphenyls in variable composition, were 

traded in different countries under different names “such as Askarels & Aroclors (USA), Phenochlor & Pyrolene 

(France), Clophen (Germany), and Kanechlor (Japan). The last two digits of the commercial name indicate the 

percentage of chlorine in each mixture. E.g. Aroclor 1242 contains 42% by weight of chlorine.” (Smith 2003, p. 

44). Aroclors® have been suggested in searches of mounting media with a high refractive index and applied for 

decades by, e.g., mineralogists, diatom and Radiolaria specialists, and microscopists in forensic and conservation 

sciences (Tab. 1; Frison 1955; Hasle & Fryxell 1970; Göke 1973, 2000; McCrone 1984), but these would certainly 

not be used nowadays because of their toxicity, and their production has ceased (Göke 2000). Aroclor® 5442 is a 

polychloroterphenyl; the medium may form crystals over time, which disappear upon heating (McCrone 1984). 

Aroclor® 1262 and Aroclor® 4465 are viscous at room temperature (Loveland & Centifanto 1986, p. 231). The 

latter can be diluted in xylene 1:1 and is miscible with up to 40% other resins like dammar resin in order to adapt to 

a range of refractive indices from nD = 1.52–1.666, which seems to be important for the study of Radiolaria; the 

mixture is heated to 100–120°C during preparation of diatoms on microscope slides (Göke 1973, 2000). Aroclor® 

1254, Aroclor® 1260, and Aroclor® 5442 have also been used for mounting diatoms; Aroclor® 5460 alone 

becomes brittle but is supposed to make permanent microscope slide mounts if used in a mixture with Styrax 

(Brigger 1960; McCrone 1984, p. 280; Loveland & Centifanto 1986, p. 231; McLaughlin 2012, pp. 123–124). 

Aroclor® 1242 has been suggested as a plasticizer for poly(iso-butyl methacrylate) (Loveland & Centifanto 1986, 

pp. 191, 231).

Coumarone. Coumarone was probably introduced as a mounting medium in 1933 by Perruche (Tab. 1); it is 

made from naphthalene, which yellows slightly over time (Perruche 1933; Frison 1952a, 1952b). The resin must 

contain bromonaphthalene or a plasticizer like castor oil in order not to become too brittle and the coverslip 

detaching; it is dissolved in benzene, toluene, or xylene (Perruche 1933; Frison 1952a, 1952b, 1955). Frison (1955, 

p. 208) suggested a mixture of Aroclor® 1262 and Coumarone in equal parts plus 1% castor oil as plasticizer.

Hyrax. Hyrax was synthesized from aniline, formaldehyde, and sulfur and, therefore, named originally A.F.S. 

(Tab. 1; Hanna 1927, 1930). The medium is soluble in benzene, toluene, and xylene (McLaughlin 2012, p. 117). It 

becomes very brittle on drying, so the coverslip may detach easily (Göke 1973, p. 278, 1984, 2000, p. 373). Hyrax 

may grow turbid and may blacken over time (Loveland & Centifanto 1986, p. 196). The medium does not seem to 

be available anymore.

Naphrax™. Naphrax™ (Tabs 1, 5) belongs to the better known mounting media with a high refractive index 
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suitable especially for the study of diatoms and is still available at least in the USA, Great Britain (Brunel 

Microscopes Ltd.), and Germany (Biologie-Bedarf Thorns), both in a version with and without toluene. A detailed 

instruction of how to mount diatoms in Naphrax™ is given by Webb (1997) and Acker et al. (2002). The original 

recipe by Fleming (1943, 1954) was patented by Fleming (Wicks et al. 1946) and requires extensive laboratory 

work, which is also true for a modified synthesis posted on a site for amateurs (Tab. 5; G. Rosenfeldt: 

Hochbrechende Einschlußmittel (PLEURAX / NAPHRAX / ZRAX),  Available from: http://

www.mikrohamburg.de/Tips/T_Hochbrechende%20Einschlussmittel.html, accessed 14 July 2015). The chemical 

nature of the final polymer has not been elucidated, so only the source ingredients of this mounting medium are 

mentioned in Table 5. Naphrax™ reveals darkening after about 50 years (Brown 1997, fig. 25). Naphrax™ 

becomes very brittle on drying, so the coverslip may detach easily (Göke 1973, p. 278). Also, crystallization occurs 

over time (Göke 1984). Moisture is supposed to cause cloudiness of the medium and precipitations (McLaughlin 

2012, p. 120).

Novolacs. Novolacs are phenol-formaldehyde resins (PF resins) like Bakelite and have been used for the 

preparations of fresh-water algae and microcrustaceans, e.g., BRPB 5215 soluble in 60–100% ethanol from Union 

Carbide (now The Dow Chemical Company). The resin has to be further cleaned chemically and physically in the 

lab in order to get rid of excess phenol and other contaminants (Crumpton & Wetzel 1980, 1981). Specimens are 

mounted from ethanol and survive at least one year. BRPB 5215 does not seem to be manufactured anymore, at 

least not under this name. Perruche (1933) stated that Bakelite A quickly changed colored specimens on a 

microscope slide. Horie (2011, p. 297) mentioned that phenol-formaldehyde resins were brittle and hard, which 

may suggest that they are not suitable for long time storage.

Pleurax. Pleurax was initially, and still is, created from sulfur, phenol, and anhydrous sodium sulfide for about 

8 hours (Tab. 1; Hanna 1949; Hepworth 1994). Since anhydrous sodium sulfide was unavailable to Stosch (1974), 

he used anhydrous sodium carbonate instead. The latter acts as a catalyst. The preparation of the medium requires 

inter alia heating at 180–190°C for 5–9 hours. The polymer consists of phenol rings connected via sulfur bridges. 

In principle, the sulfur may oxidize to sulfur dioxide causing cloudiness, and the phenolic hydroxide may form 

chinones, which darken the medium (Rosenfeldt, see above). The resin is dissolved in acetone, ethanol, or 

isopropyl alcohol (Hanna 1949; Beck 1959; Stosch 1974; Hepworth 1994). It remains open whether or not 

cloudiness occurs in aged slides. However, slides do turn yellow or brownish over time (Hepworth 1994). Pleurax 

seems to last at least 16 years (Hanna 1949) and is  Available from: Chemlab in Germany. It becomes brittle over 

time (Göke 1984).

Styrax. Styrax resin (Fig. 9; Tab. 5) has been introduced as mounting medium for diatoms in 1883 by Van 

Heurck (Tab. 1; Bracegirdle 1978, p. 92). It can be prepared from the raw resin and, in this case, requires removal 

of particulate and aqueous matters in a time-consuming procedure, before it can be used in microscopy (Van 

Heurck 1898; Needham 1924; Beck 1959; McLaughlin 2012, p. 119). A commercial version seems also to be or to 

have been available. The latter two authors report cloudiness and granular precipitations in the medium if Styrax is 

not cleaned properly. Needham (1924) regarded the precipitations as benzoic and cinnamic acid. The same 

situation is also suggested for balsam of tolu (Needham 1924). The medium dries over a long period of time and 

turns yellow on heating, which is necessary for mounting diatoms (Göke 2000). If Styrax is heated too quickly and 

too hot, the medium is responsive to mechanical shock and will separate from glass surfaces (McLaughlin 2012, p. 

138).

3.7.25 Fungi

Fungi have been claimed to represent a threat to slide collections especially under humid conditions (Heinze 1952; 

Brown 1997: p. 6; Gütebier 2011; Zander 2014), but we have found no convincing evidence. Possibly, such 

evidence may have been presented in certain taxonomic articles. Gütebier’s photographs (2011, p. 75, figs 18, 19) 

do not document hyphae of fungi but bar-like remnants of the mounting medium, which has partly withdrawn from 

the space between slide and coverslip; this phenomenon has also been found in other media and is not related to 

fungi in any way (Neuhaus pers. obs.). One may be misled by a photograph of Lillo et al. (2010, fig. 3, p. 287) 

showing an aphid invaded by hyphae; however, the text clearly states that the host was infested during improper 

storage before (!) mounting. However, microorganisms including fungi are able to feed on picture varnishes made 
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from natural plant resins or on synthetic resins used in conservation (e. g., Cappitelli et al. 2004; Romero-Noguera 

et al. 2008, 2010; Sterflinger 2010). Fungi and other microbes may even grow on clean surfaces of glass including 

borosilicate glass and corrode the surface by delivering acidic, alkaline, and chelating agents (e. g., Kerner-Gang 

1977; Drewello & Weissmann 1997). To our knowledge, evidence for a severe threat of microscope slide 

collections by fungi has not been documented yet.

3.7.26 Discoloration

Discoloration of mounting media is supposed to originate from “residual preservatives such as phenolics and 

formaldehyde” in specimens, so thorough washing both after fixation and after maceration or clearing and before 

mounting is recommended (M. Ipe and B. Pitkin in Disney & Henshaw 1988; also Gardner 1975 for plant 

material). In addition, phenol in Canada balsam (= phenol balsam) as well as macerating agents like chloral hydrate

and clearing agents like clove oil have been held responsible for blackening (Wagstaffe & Fidler 1955, p. 173; 

Quednau in Eastop 1985, p. 270; Stroyan in Eastop 1985, pp. 269–270; Brown 1997; Brown & Boise 2005, p. 26, 

2006, p. 16). Deterioration of phenol balsam starts in the periphery of the coverslip indicating that oxygen may be 

involved (see chapter 3.8.1 General aspects of coverslip seals; Essig 1948; Loveland & Centifanto 1986, p. 184; 

Brown 1997, p. 8). A mixture of phenol, ethanol and Canada balsam darkens within three weeks (Wirth & Marston 

1968). However, Quednau (in Eastop 1985, p. 270) regarded chloral hydrate as the cause of blackening. A 

blackened specimen may be bleached by rinsing in strong alcohol followed by bleaching in 25% ammonia and 

30% hydrogen peroxide (Brown & Boise 2005, p. 26, 2006, p. 16).

Deterioration of gum-chloral media and finally of the specimen may start at the specimen with pink or bluish 

areas gradually turning black; the cuticle of insects becomes more and more transparent until invisible (Stroyan in 

Eastop 1985, pp. 269–270; Brown 1997, p. 9; Brown & Boise 2005, 2006). Once blackened, the insect cuticle is 

irreversibly damaged and cannot be restored, even if the specimen is re-mounted (Brown 1997, p. 10). The 

blackening is suggested to originate from insufficient washing of the macerating and clearing agents like potassium 

hydrate, chloral hydrate, and phenol; exposure to light and high temperature may add to the problem, and phenol 

probably represents the most problematic substance in gum-chloral media of insect collections at the Natural 

History Museum in London (Brown 1997, pp. 9–10; Brown & Boise 2005, p. 27, 2006, p. 17). Blackening starting 

from the periphery of the coverslip has been attributed to a reaction of the gum-chloral medium with Euparal or 

Murrayite used for ringing (Disney & Henshaw 1988; Brown 1997, pp. 9–11; Brown & Boise 2005, p. 27, 2006, p. 

17). Un-ringed slides with Hoyer’s medium containing no phenol may turn dark brown within less than 20 years, 

probably because of the iodine and potassium iodide included in this specific case (Neuhaus pers. obs.).

3.8 Coverslip seals

3.8.1 General aspects of coverslip seals

Coverslip-slide mounts are usually sealed if the mounting medium is liquid (e.g., containing formaldehyde, 

glycerol, or lactic acid) or consists of water-based media such as gum-chloral media (Adam & Czihak 1964; Brown 

1997). Resins like Canada balsam do not require initial ringing, because the solvent must be able to evaporate so 

the mountant can harden (Spence 1939; Wagstaffe & Fidler 1955b, p. 197; Brown 1997). Ringing of such slides 

may be useful at a later time in order to provide some protection and to slow down discoloration and evaporation of 

less volatile substances of the resin, so the medium does not become brittle (Wagstaffe & Fidler 1955, p. 174; 

Brunner & Blueford 1986). Generally, a good seal should

(1) stabilize the mount physically especially for studies of glycerol, glycerol-gelatin, and glycerol-paraffin 

slides with oil immersion objectives,

(2) prevent uptake and loss of water in aqueous mounting media (Travis 1968; Brown 1997, 1998),

(3) prevent or at least retard diffusion of oxygen into the mounting medium thus discoloring stained sections 

(Loveland & Centifanto 1986; Brown 1997, 1998),

(4) remain flexible over decades,

(5) not react with the mounting medium, and
NEUHAUS ET AL.106  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press



(6) be removable easily if a specimen has to be re-mounted. The latter includes knowledge of the ingredients of 

the sealant in order to apply the appropriate conservation method.

The approach mentioned above takes into consideration general concepts in conservation science (Shashoua 

2008; Horie 2011, pp. 3–13).

“When the ring fails in a dry environment, evaporation, shrinkage, discoloration and cracking [of the mounting 

medium, the authors] can occur. When relative humidity and temperature are too high, sweating can occur making 

a sticky slide and which promotes fungal attack of the mountant especially in water based mountants.” (Brown 

1998, p. 44). Ternant (1935) attributed the failure of a coverslip seal for liquid mounts to the lack of attachment of 

the seal to the glass surfaces. Consequently, he suggested grinding both the glass slide and the coverslip in order to 

provide a rough surface attachment area and recommended a spacer plus a ring of paraffin or goldsize below the 

extensive coverslip seal (Ternant 1935, fig. 1). Cushing (2011) reported problems with coverslip seals for pollen 

mounted in silicone oil. Zander (1997) suggested letting glycerol permanently evaporate from an open container in 

a closed cabinet in order to reduce evaporation of glycerol from slides.

Unfortunately, experiments about the properties of coverslip seals are rare. Allington & Sherlock (2007a, 

2007b) studied to what extent a seal could act as a barrier to oxygen diffusing into the mounting medium by 

exposing mounts alternatingly to room temperature and freezing at -20°C to -40°C for 7 cycles. With this 

thermally-induced mechanical stress, of 13 sealants only Canada balsam retained a permeability barrier against 

oxygen and kept its chemical and physical integrity. It seems that the aforementioned experiment ran for less than a 

month (Allington & Sherlock 2007a, 2007b). It remains open as to whether or not the results of the experiment can 

be applied to real slide collections stored for decades and hopefully centuries (see also chapter 3.7.2 Permeability 

of polymers for gases and vapors). The senior author’s own observations of microscope slides with Aphidina 

mounted in Celochloral or Canada balsam reveal that the medium in the center of such slides may still show 

“normal” coloration, whereas the peripheral medium suffers from discoloration and a yellowish mounting medium 

(Fig. 15E, F). This suggests that the mounting medium could not provide a diffusion barrier against oxygen. It 

cannot be expected that a coverslip seal would do a better job, because the seal will be limited in thickness in order 

to allow study of specimens with oil immersion objectives. This also raises the question for water-based mounting 

media like gum-chloral media of how effectively water is kept in or out of a mount by a coverslip seal under 

fluctuating environmental conditions (see also chapter 3.7.2 Permeability of polymers for gases and vapors and 

chapter 3.7.14 Gum-chloral media; Tab. 7).

Several principal factors impacting the longevity of coverslip seals can be hypothesized:

(1) Proper construction of the coverslip seal to begin with. In order to give a good seal, the surplus mounting 

medium has to be removed from the slide, the glass surfaces must be totally clean for proper adhesion of 

the seal to the glass surface, and the sealing liquid has to be applied 2–5 times in a thin film with 

intermediate time for drying (Travis 1968; Henshaw 1981; Hooper 1986b; Brown 1997; Hooper et al.

2005). Cells for liquid media are often prepared of different coverslip seals like goldsize and asphaltum 

varnish, the latter applied in several layers; a colored seal may finish the seal (Rousselet 1895; Gray 1954, 

pp. 23–27, 31, figs 9–19; Garner & Horie 1984, p. 98). 

(2) Changes in temperature throughout the seasons (Zander 1997; Allington & Sherlock 2007a, 2007b) will 

certainly influence the dilatation of mounting medium and seal.

(3) Mechanical stress (Brown 1997) during handling of a slide, observation with an oil immersion objective, 

and cleaning the coverslip from oil will impact the integrity of the seal. Both changes in temperature and 

mechanical stress require a considerable plasticity of the coverslip seal.

(4) The sealant may chemically react with the mounting medium (Garner & Horie 1984; Brown 1997). This is 

especially the case if a water-soluble mounting medium like glycerol-gelatin or a gum-chloral medium is 

ringed with an ethanol-containing coverslip seal like brown cement or Glyceel (Bink 1979, p. 160; Garner 

& Horie 1984; Neuhaus pers. obs.). Application of an intermediate layer of a different seal such as gum 

dammar is recommended before finally sealing with the ethanol-containing sealant (Garner & Horie 1984, 

p. 98). 

(5) The chemical properties of the components of the coverslip seal may inherently have the potential to 

deteriorate over time and/or change, because the coverslip seal may react with oxygen, noxious gases (inter 
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alia from degradation of wooden cabinets), and humidity over time. A deteriorating coverslip seal will also 

allow bacteria and fungi to grow under favorable conditions.

(6) Generally, any coverslip seal will be permeable to oxygen, noxious gases, and humidity to some degree 

and, consequently, will not represent a permanent permeability barrier for decades (Tab. 11; comp. 

discussion in chapter 3.7.2 Permeability to gases and vapor; Schauff 1985; Gerlach et al. 2001; Wypych 

2012). Gray (1954, p. 58) and Loveland & Centifanto (1986, p. 184) mentioned that a coverslip seal only 

retarded oxidation of a medium.

Various chemicals have been used alone or in various mixtures as coverslip seals for microscope slides, e.g., 

Araldite, asphaltum, beeswax, Bell’s cement (black cellulose nitrate lacquer), brown cement, Caedax, Canada 

balsam, candle or paraffin wax mixed with petroleum jelly (Vaseline) or Canada balsam, caoutchouc cement, 

Clarite, Corseal, Euparal, gelatin, Glyceel (used in Great Britain, the North American equivalent is Zut), Glyptal 

(an enamel paint for waterproofing car motor parts), goldsize, gum dammar (= gum damar), gum mastic, latex 

paint, Murrayite, nail varnish, Permount™, poly(ethyl methacrylate) with the plasticizer butyl benzyl phthalate, 

polyurethane, putty (designed “for filling holes [...] in galvanized iron sheets to prevent leakage”), shellac, silicone 

rubber, spirit lacquer, Titebond® Glue, Venetian turpentine, water-glass, white lacquer, and white zinc lacquer 

(Tabs 8, 9; Behrens 1892, pp. 71–73; Mohr & Wehrle 1940; Gray 1954, pp. 651–656; Doncaster 1962; Adam & 

Czihak 1964; Boparai & Chhabra 1968; Travis 1968; Caveness 1969; Hooper 1970, 1986a, 1986b; Jairajpuri & 

Rahmani 1979; Henshaw 1981; Zander 1983; Gerakaris 1984, p. 262; Loveland & Centifanto 1986; Frahm 1990; 

Wilkey 1990, p. 347; Sabir 1996; Brown 1997, pp. 17–18; Hooper et al. 2005; Cushing 2011). Older slides are 

often ringed with two different media (see chapter 3.8.16 White lacquer; Behrens 1892; James 1887; Gray 1954; 

Garner & Horie 1984). Reports about the benefits and disadvantages of a given coverslip seal are partly disputed 

(Tab. 9; Brown 1997) and rarely based on experimental tests (Allington & Sherlock 2007a, 2007b). Numerous 

recipes of coverslip seals are found in James (1887), Behrens (1892), Gatenby & Beams (1950), Gray (1954), and 

Brown (1997). Gray (1954, pp. 21–41) also described in detail building of cells for fluid-mounted specimens. Table 

8 lists ingredients of various coverslip seals and Table 9 their advantages and drawbacks. Below, aspects of 

selected coverslip seals are discussed.

3.8.2 Araldite

Araldite was suggested as coverslip seal by Boparai & Chhabra (1968). Cushing (2011) found reaction over time of 

the epoxy resins Epon™ 828 and 1001, Scotch™ Epoxy, and Low V™ with the silicone oil, in which pollen grains 

were mounted. For drawbacks of epoxy resins compare chapter 3.7.11 Epoxy resins (Araldite, Epon™, Spurr’s 

resin).

3.8.3 Asphaltum

Asphaltum belongs to the long-known coverslip seals (James 1887, pp. 62–63; Behrens 1892, p. 71), but seems to 

crack on drying (Spence 1940c). The plasticizer castor oil is supposed to prevent cracking of the seal (McLaughlin 

2012, p. 179). Asphaltum seems to have been applied in a mixture with linseed oil and terpentineol (Behrens 1892, 

p. 71). In other recipes, asphalthum has been combined with variable chemical components (Tab. 8; James 1887) 

and may contain a high percentage of mineral matters.

3.8.4 Canada balsam

A specimens mounted in anhydrous glycerol, glycerol-gelatin, or any other medium between a lower larger and an 

upper smaller circular coverslip can be sealed with Canada balsam, Caedax, Clarite, or Euparal (Tabs 5, 6; Newell 

1947). This double-coverslip mount is subsequently inverted, so that the smaller coverslip is now at the bottom and 

placed on a drop of Canada balsam on a glass slide. This technique has been applied to mounts of algae, fungi, 
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mites, nematodes, trematodes, and sections (Diehl 1929; Newell 1947; Romeis 1948, p. 190; Mitchell & Cook 

1952; Travis 1968; Kohlmeyer & Kohlmeyer 1972; Pritchard & Kruse 1982; Taft 1983; Jentzen 1984; Loveland & 

Centifanto 1986; Volkmann-Kohlmeyer & Kohlmeyer 1996). Nail varnish has been used as a barrier between 

glycerol and the xylene of Canada balsam or Caedax in order to prevent cloudiness in the periphery of the mount 

(Kohlmeyer & Kohlmeyer 1972; Volkmann-Kohlmeyer & Kohlmeyer 1996).

3.8.5 Corseal

Corseal consists of polystyrene, hard plastics, and solvents (Tabs 1, 8; Sabir 1996). Supposedly, it withstands a 

temperature range from -5°C to 60°C (Sabir 1996). Polystyrene dissolved in xylene after several steps of cleaning 

was suggested by Schmode (1989) as a mounting medium for microscope slides. Nothing is known about the long-

term stability of such media, but the inclusion of polystyrene and hard plastics of unknown chemical composition 

puts a big question mark on the archival quality of these media. Horie (2011, p. 181) mentioned that polystyrene 

was sensitive to light and concluded that it “is generally too unstable [...] to be used on objects”.

3.8.6 Glyptal

Glyptal is an enamel paint for insulating electrical applications and waterproofing car motor parts (Tabs 1, 8; Travis 

1968) and comes in red, black, or transparent. This alkyd (originally alcid from alcohol and acid) is manufactured 

from a polyalcohol, viz, glycerol, and an acid, viz, phthalic anhydride, resulting in the polymer Glyptal (Jordão et 

al. 1996). Alkyd polymers polymerize slowly by oxidative cross-linking after evaporation of the organic solvents 

and become insoluble for solvents (Horie 2011, p. 265). The increasing number of cross-links seems to improve 

resistance to deterioration, because fewer unsaturated bounds remain available for oxidative degradation (Horie 

2011, pp. 264–265). Alkyd resins are supposed to be quite resistant to hydrolysis but less so to UV light and 

extended exposure to salt solutions (Wypych 2013, pp. 357–358). Travis (1968) and Faraji & Bakker (2008) 

recommended Glyptal as a coverslip seal after 13 and five years of positive experience, respectively. Glyptal has 

also been suggested as adhesive and consolidant in paleontology (Brink 1957).

3.8.7 Glyceel (= Zut, Thorne ringing compound)

The ingredients of the later Glyceel for sealing glycerol mounts were mentioned already by Thorne (1935, p. 98; 

Tab. 1). Both Glyceel and Zut are not commercially available anymore, but Glyceel can be prepared in the 

laboratory using the recipe provided by Bates (1997; Tabs 8, 9). Zut withstood storage of glycerol mounts for at 

least 26 months at 66°C (Caveness 1969). Glyceel is reported not to “harden very well over a wax edge”, but the 

senior author has never experienced this problem, probably because excess paraffin is scratched away and also 

removed with ethanol before applying the seal; also, the mount is ringed several times (Hooper 1986b, p. 317; 

Neuhaus pers. obs.). Glycerol mounts sealed with Glyceel in combination with a paraffin ring last at least 15 years 

(Tab. 14; Hooper 1986b; Neuhaus pers. obs.). Lactophenol mounts surrounded by a paraffin ring and Glyceel as 

coverslip seal last at least five years (Hooper 1986b). Probably, the predominance of carboncarbon bonds over 

carbon-oxygen bonds in the polymerized linseed oil used in the formula of Glyceel versus the raw linseed oil adds 

to the durability of the seal, because the carbon-carbon bonds are less prone to degradation than the carbon-oxygen 

bonds (Mills & White 1999, p. 41).

Both Glyceel and nail varnish contain cellulose nitrate, and this component has been identified in various 

adhesives as a weak component in terms of long-term stability (Koob 1982; Shashoua et al. 1992; Horie 2011, p. 

214). Especially light accelerates breakdown of cellulose nitrate solutions (Ferreira & Combs 1951) as well as high 

temperature and relative humidity (Shashoua et al. 1992). In the face of these results, it appears quite amazing that 

Shashoua et al. (1992, p. 113) and Horie (2011, p. 216) stated that cellulose nitrate might “last up to 100 years”. 

However, the explanation may lie in the fact that the polymer seems to be more stable if an appropriate plasticizer 

like diphenylamine is used, which also traps developing NO
X
 (Selwitz 1988, p. 42) and if the nitrogen oxides 

produced during oxidation and hydrolysis of cellulose nitrate can evaporate quickly and consequently not 
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accelerate the deterioration process (Horie 2011, p. 214). The latter is certainly the case if cellulose nitrate is used 

as an ingredient of a coverslip seal, where it forms a very thin layer directly exposed to the air. Shashoua et al.

(1992) also identified “museum conditions in a temperate climate” as favorable for an expected lifetime of 50–100 

years.

3.8.8 Liquid electrical tape

Liquid electrical tape was originally developed for insulating electrical connections on boats (Dornau et al. 1993). 

It has been suggested as coverslip seal lasting at least 20 years to the senior author in 1999 (John Holsinger in 

Könemann pers. com.) but found later to crack and to lose substance (Könemann pers. com.). Possibly, 

deterioration started because of loss of the plasticizer (Tab. 8).

3.8.9 Nail varnish

Nail varnish (= nail polish) was suggested as a satisfying coverslip by some authors (Tabs 8, 9; Hooper et al. 2005) 

but rejected by others, because the seal “shrinks and cracks excessively in time” (Esser 1973) or because “it lacks 

the body and plasticity of ‘Glyceel’” (Hooper 1986a). The main reason for the shrinkage represents the diffusion of 

the plasticizer(s), especially camphor and dibutyl phthalate, out of the varnish (Figs 13, 14; Tab. 10; Horie 2011, p. 

214). This should not take too long, because camphor sublimes at room temperature (Tab. 10; Shashoua 2008, pp. 

41, 159; Horie 2011, p. 241). Expensive nail varnish may work much better than cheap varnish (Allington & 

Sherlock 2007a, 2007b). These authors also reported different sealing properties of two nail varnishes. Ronald 

Vonk (pers. com.) used transparent nail varnish for over two decades and suggested to keep slides “strictly in the 

dark”. Still, some seals crack, whereas others do not, possibly because of the variable composition of the nail 

varnishes over time (Vonk pers. com.). In any case, it can be expected and has been reported (Cushing 2011) that a 

manufacturer’s formula for a nail varnish will change over time and thus, inadvertently, influence the varnish’s 

sealing properties. For further discussion see chapter 3.8.7 Glyceel (= Zut, Thorne ringing compound).

3.8.10 Norland Optical Adhesive 61 (= NOA 61)

The Norland Optical Adhesive 61 (= NOA 61) represents a polyurethane and consists of a proprietary mercapto-

ester and triallyl isocyanurate (Tab. 8). Triallyl isocyanurate is liquid and polymerizes after UV radiation; it has a 

high potential for cross-linking (http://www.micchem.com/triallyl_isocyanurate.html, accessed 27 January 2016). 

NOA 61 seems to adhere well to glass surfaces, offers low shrinking of 1.5% on curing, does not remain tacky after 

curing in areas exposed to air, and has a shelf-life of four months if stored at 5–22°C (http://www.norlandprod.com/

adhesives/NOA%2061.html, accessed 27 January 2016; Taylor 2005). A detailed description of how to make a 

total mount of a rotifer in glycerol on a glass slide and how to seal the mount with NOA 61, the silicone rubber 

Dow Corning® 3140 RTV Coating, and finally asphaltum varnish is given by Jersabek et al. (2010). Originally, 

Clearseal One and Bioseal Mountant Two (Northern Biology Supplies, UK) were used instead of the silicone and 

asphaltum (Taylor 2005). The company does not seem to exist anymore (Neuhaus pers. obs.). Jersabek et al. (2010) 

reported no changes in microscope slides in eight years.

3.8.11 Paraffin

Candle wax (Romeis 1948, p. 192; Goodey 1957), beeswax plus paraffin wax (Schmölzer 1960), paraffin wax plus 

petroleum jelly (Doncaster 1962; Hooper 1986a, pp. 76–77, 79), paraffin wax (Hooper 1986a), and soft paraffin (= 

petroleum jelly, vaseline) (Spence 1940b) were used alone or in combination with other seals to stabilize a glycerol 

mount and to prevent evaporation of glycerol or other liquid mounting media. Paraffin was introduced about 1869 

as an embedding medium for histological sectioning of biological specimens (Sanderson et al. 1988). The medium 

consists nowadays of a mixture of saturated hydrocarbons with a chain length of 20–35 carbon atoms and a variety 
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of more or less proprietary additives like beeswax, crepe rubber, dimethyl sulfoxide, and synthetic polymers like 

polyisobutylene (Böck 1989, pp. 123–124; Sanderson 1994, p. 113; Kiernan 1999, p. 44, 2015, p. 53). Paraffin 

melts at 52–58°C and should not be heated too much above this temperature in order to avoid potential degradation 

of additives and yellowing of medium (Böck 1989; Sanderson 1994; Kiernan 1999, p. 44, 2015, p. 53).

Soft paraffin was poured with a hot spoon on a glass slide to an almost finished mount. This soft paraffin was 

supposed to be inert to the water of liquid aqueous preparations (Spence 1940b). However, the soft paraffin melted 

in unfavorable climates like in the USA, but mounts also leaked in the British climate (Spence 1941b). In a more 

historical way of transferring paraffin wax in a circle to a glass slide, a bent wire wrapped with a cotton thread was 

used (Green 1926); alternatively, the wick of a paraffin-petroleum jelly mixture was “lit, allowed to saturate with 

molten wax and then extinguished and used as a brush for applying the cover glass seal” (Doncaster 1962; see also 

Romeis 1948, p. 192). Schmölzer (1960) suggested melting beeswax and paraffin wax in a glass tube and pressing 

it out in a circle on a coverslip. Maeseneer & d’Herde (1963) improved the way of creating a paraffin wax ring on 

a slide by using a tube dipped into molten paraffin instead of a candle or an analogous device. Nowadays, a 

glycerol-paraffin mount is prepared by dipping a metal cylinder into a dish with molten paraffin at about 60°C on a 

hotplate and immediately on a glass slide or on a rectangular coverslip (Fig. 27B; Tab. 13: Technique E; Hooper 

1970, p. 50, 1986a, pp. 76–77; Hooper et al. 2005, pp. 70–71). The subsequent mounting process including ringing 

with Glyceel is summarized in Table 13 (Technique E). If the temperature of the hot plate is too low, the paraffin 

will not melt entirely in the Petri dish and develop a skin. Too much heat will result in oxidation and consequently 

yellowing of the paraffin and loss of “much of its crystaline structure” (Sanderson 1994, pp. 46–47).

3.8.12 p-Phenyl phenol formaldehyde resin

p-Phenyl phenol formaldehyde resin sold as the commercial varnish TufOn™ 74 until about 1963 (Cushing 2011) 

was suggested for sealing liquid mounts containing tung oil and a metallic soap as oxidizing agent dissolved in 

xylene (Barghoorn 1947). The polymerized but elastic seal is resistant to a variety of organic solvents and mineral 

and organic acids. It withstands accelerated aging at 50°C for 8 months with repeated changes to room temperature. 

However, the unused sealant should be stored in quantities of at least 250 ml, because it rapidly starts polymerizing 

in small quantities exposed to air (Barghoorn 1947). Possibly for this reason, the resin does not seem to have been 

widely accepted.

3.8.13 Sealing wax varnish

Sealing wax varnish contained mainly natural resins like gum colophony, Venetian turpentine, and shellac (Figs 10, 

11, 21, 26; Tab. 8; see also chapter 3.8.14 Shellac). Colophony oxidizes and darkens within a short time, becomes 

brittle because of its small molecular size, and sensitivity to water increases (Heesters et al. 2002; Scalarone et al.

2002, p. 348; Horie 2011, p. 248). Venetian turpentine also becomes brittle when dry (Mills & White 1999, p. 102). 

Probably for these observations, older recipes included beeswax (Gray 1954, p. 651), which may act as a 

plasticizer. Picture varnishes made of natural resins become brittle over time and crack (Scalarone et al. 2002), 

which indicates a limited life-time for coverslip seals made of natural resins.

3.8.14 Shellac

Shellac is secreted by the hemipteran Kerria lacca (Kerr, 1782) and other related species parasitizing different tree 

species in India, Thailand, and southeast Asia (Colombini et al. 2003; Buch et al. 2009, p. 694). The stick lac 

secreted by the animal on the twigs of the host plant is cleaned by crushing, sieving, and washing in water to give 

seed lac, and the latter is further processed to button lac or shellac either by (1) melting resulting in orange shellac 

of variable quality used mainly for technical applications, or by (2) bleaching with sodium hypochlorite and de-

waxing resulting in bleached shellac or white shellac of variable quality used mainly in food industry and for 

pharmaceutical purposes, or by (3) the more gentle solvent extraction with ethanol, filtering, and often treatment 

with activated carbon resulting in de-waxed shellac used also in microscopy (Fig. 26; Gray 1954, p. 653; Frison 
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1955, p. 204; Mills & White 1999, p. 115; Colombini et al. 2003; Buch et al. 2009; Sutherland & Río 2014). 

Chlorine is chemically incorporated into bleached shellac “which does not, a priori, seem a sound idea as regards 

durability” (Mills & White 1999, p. 117). Analysis of physical and chemical parameters reveal that the properties 

of shellac depend on the insect species, the host plant species, parameters of processing, storage conditions, and 

age, so different shellac grades and previous treatments can be distinguished (Colombini et al. 2003; Buch et al.

2009, pp. 694, 701; Giri et al. 2010; Sutherland & Río 2014).

Shellac belongs to the “resin” fraction of sticklac, which consists of 70–80% “resin”, 48% coloring chemicals, 

and 6–7% “wax” (Mills & White 1999, pp. 116–117). The resinous part is mainly composed of aliphatic and 

alicyclic (sesquiterpene) acids as well as their oligomers and polymers, which are polyesters; the “soft resin” 

components are ether-soluble, whereas the “hard resin” fraction is not (Fig. 26; Tab. 8; Colombini et al. 2003; Buch 

et al. 2009; Sutherland & Río 2014). The alicyclic jalaric acid and laccijalaric acid may undergo autoxidation 

because of their aldehyde and alkene groups, resulting in elevated levels of laccishelolic acid, shellolic acid, and 

their epimers; however, laccishelolic acid, laksholic acid, shellolic acid, their epimers, and traces of chlorinated 

substances may result from alkali treatment during previous commercial processing (Fig. 26; Mills & White 1999, 

p. 117; Colombini et al. 2003, pp. 360, 362; Sutherland & Río 2014, pp. 155, 158). Bleached shellac “is known to 

develop problems such as insolubility with age [...] likely related to the presence of residual chlorine” (Sutherland 

& Río 2014, p. 157). Opposite to aleuritic acid and the alicyclic components of shellac, butolic acid is supposed to 

represent one of the few molecules not impacted by ageing, so it can be used to identify shellac chemically in older 

samples (Fig. 26; Colombini et al. 2003, p. 363), but Sutherland & Río (2014, p. 158) stated that butolic acid “may 

not always be present at detectable levels, and related compounds such as 8-hydroxy myristic and 8-hydroxy 

palmitic acids should be searched for as well”.

Shellac seems to have been applied in various recipes and under different names such as brown cement, which 

seems to be a solution of shellac in ethanol (Tab. 8; Garner & Horie 1984, p. 98). Shellac dissolved in petroleum 

ether to which rubber or gutta-percha is added makes a coverslip seal named marine glue (old formula from 1880) 

and is supposed to be extremely water-resistant (Tab. 8; Gray 1954, pp. 22, 655). Alternatively, a mixture of shellac 

and gutta-percha in Venetian turpentine, also named gutta-percha cement, may represent the original recipe of 

marine glue (Gray 1954, pp. 651, 656). Additional recipes of shellac cements are given in Gray (1954, pp. 652–

656), but are less recommended by that author. De-waxed shellac has been used explicitly for microscope slides at 

least in some recipes (Gray 1954, p. 653; Frison 1955, p. 204), because the wax would reduce adhesion (Horie 

2011, p. 259). Shellac “is not completely water resistant” (Feller 1971, p. 121). A shellac coverslip seal cannot be 

dissolved again readily in alcohol at room temperature for re-mounting, but heating may result in dissolution (Mills 

& White 1999, p. 117; Horie 2011, pp. 258–259). This may be due to increased cross-linking over time (Colombini 

et al. 2003; Coelho et al. 2012).

3.8.15 Silicone rubber

Silicone rubber was diluted with petroleum ether in order to receive a sufficiently fluid rubber for application as a 

seal (Fig. 12; Tab. 8); the cured seal withstood storage of glycerol mounts for 26 months at room temperature and 

also at 66°C (Caveness 1969). Jersabek et al. (2010) proposed to apply the silicone rubber Dow Corning® 3140 

RTV Coating outside a ring of NOA 61 and finally cover the mount with asphaltum varnish. Generally, silicone 

rubber is supposed to last for at least 20 years (Petrie 2007, p. 443). It has not been investigated whether or not the 

acetic acid released during curing (= acetoxy cure system) of the rubber (Petrie 2007, pp. 443, 445) influences the 

stability of the mounting medium. Silicone rubbers with an acetoxy cure system accumulate dirt particles over time 

(Petrie 2007, pp. 443, 445). Also, silicone rubbers seem to possess a “high oxygen and water transmission rate” 

(Horie 2011, p. 276; also Petrie 2007, p. 446). Several percentages of water absorption are common for silicone 

polymers (Wypych 2013, p. 505). Thus, silicone rubbers may stabilize a mount mechanically, but may not prevent 

gases entering the mounting medium as well as water entering or leaving the mount. Silicones are also vulnerable 

to UV degradation (Wypych 2013, p. 503). A word of warning must be uttered here, because silicone rubber is 

extremely difficult to remove totally from any surface and requires a special cleaning fluid for removal (Horie 

1983, p. 3-3), which may or may not work sufficiently (Horie 2011, p. 280). In addition, un-reacted silicone oil 

from the rubber will migrate over time (Davison 2003, p. 218; Horie 2011, p. 281) from the seal and may affect the 

mounting medium and even interact with the specimen.
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FIGURE 21. Chemical structure of the ingredients of gum colophony (= rosin, Greek pitch) from various species of Pinus.
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FIGURE 22. Chemical structure of the ingredients of gum dammar from an unknown species.

3.8.16 White lacquer

In the 19th century, a mixture of gum dammar and zinc oxide (Fig. 22; Tab. 8) was frequently used as a coverslip 

seal finished by a ‘gold’ paint containing brass pigments (Behrens 1892, p. 73; Garner & Horie 1984, p. 93). The 

finishing varnish seems to be necessary in order to protect the seal against dirt (James 1887, p. 95). The interaction 

of shellac and zinc oxide in varnishes leads to “the formation of metal soaps and other by-products such as 

oxalates” (Poli et al. 2014, p. 143). These results may also indicate a negative effect on the longevity of a coverslip 
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seal for the combination of zinc oxide with the natural resin gum dammar. Behrens (1892, p. 73) mentioned as one 

ingredient also gum mastic, so probably different recipes existed for a medium named white lacquer.

Dammar resins are produced by about 500 tropical species of the Dipterocarpaceae, but the resin gum dammar 

used in Europe and North America seems to originate only from several species of Hopea or Shorea (Mills & 

White 1999, p. 107). Gum dammar yellows and cross-links increasingly with age and requires increasingly more 

polar solvents for at least partial chemical removal; mechanical removal of the gum has to be considered if parts of 

the resin cannot be dissolved by organic solvents anymore because of the cross-linking. Also, the resin becomes 

more brittle with age (Horie 2011, pp. 253–257). UV light leads to rapid oxidation of gum dammar, but a hindered 

amine light stabilizer may extend “the useful lifetime (assessed by yellowing and solubility) potentially up to 136 

years” for picture varnishes (Horie 2011, pp. 257).

FIGURE 23. Chemical structure of monoterpenes, seaquiterpenes, and more volatile ingredients of gum mastic from Pistacia 
lentiscus.
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FIGURE 24. Chemical structure of triterpenes of gum mastic from Pistacia lentiscus, part 1.
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FIGURE 25. Chemical structure of triterpenes of gum mastic from Pistacia lentiscus, part 2.
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FIGURE 26. Chemical structure of ingredients of shellac from the hemipteran Kerria lacca and related species.
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3.9 Labels

3.9.1 General aspects of labels

Identification and location data is documented on microscope slides on labels of all kinds of paper qualities with all 

kinds of inscriptors like pencil, ball-point pens, felt-tip pens, and ink (Figs 2A–H, 3A–K, 4A–K, 5A–J, 15A, B, E, 

F) as well as with a “permanent” marker (Fig. 5H), ink inscription covered with a thin layer of mounting medium 

(Fig. 5G) or not, and inscription with a diamond-tipped or tungsten carbide-tipped engraving scribe (Figs 2A, F, 

3A–D; Adam & Czihak 1964; Hooper 1986b; Gütebier 2011). It is strongly recommended to write data as 

completely as possible in natural language without abbreviations or codes, the decipherment of which may not be 

available to others or even may get lost (Levi 1966, p. 187; Martin 1978, p. 110; Notton 1995; Amrine & Manson 

1996, p. 391; Huber 1998, pp. 368, 375). The month of any date should be either abbreviated or given in roman 

numerals in order to avoid confusion between the American and Canadian/European way of writing dates (Levi 

1966, p. 187; Martin 1978, p. 111). The left label should bear information about the determination, life history 

stage, and as specific as possible information about the specimen preparation like fixation, chemical maceration, 

mounting medium, and coverslip seal, whereas the right label should harbor the location and collecting data 

(including geographic location, latitude, longitude, altitude or depth, host and host organ if applicable, collector, 

collecting gear if applicable, and date of collection) ¾or vice versa (Mound & Pitkin 1972; Krantz 1978, p. 90; 

Martin 1978, pp. 109–112; Palma 1978; Pritchard & Kruse 1982; Amrine & Manson 1996; Brown 1997, p. 5; 

Walter & Krantz 2009, fig. 7.2). A slightly different labelling system was proposed by Robinson (1976). Machine-

readable barcodes may be added but will inevitably suffer from a limited life-time of the bar code reading hardware 

and the related software version and depend on the longevity of the adhesive, with which the barcode label is glued 

to the microscope slide. So a barcode may complement a label in natural language but cannot really replace it. 

Information about the specimen preparation including the recipe of a home-made mounting medium may not fit on 

the labels on the slide, so this should also be documented in the registry catalogue or database but rarely is. Such 

data may be extremely valuable in case a slide has to be restored.

3.9.2 Label paper

It is strongly recommended to use archive-quality paper or medium-thickness cardboard according to DIN EN ISO 

9706 (Tab. 14), because such paper consists of unbleached cellulose and does not contain recycled fibers, lignified 

fibers, acids, and optical brighteners (Hawks & Williams 2005; Kilby 1995; Sturm 2006). At the same time, such 

paper is buffered with calcium carbonate to a pH of 7.5–10. Alternatively, paper should be used that has passed the 

PAT-test (= photo activity test), which is used for archiving negatives. It differs from the former paper in that it has 

a neutral pH but is unbuffered. One reliable source of label paper in Germany for slides and cardboard for Cobb 

aluminum slides is Klug Conservation, which also provides certificates for its products (Tab. 12). The Museum für 

Naturkunde Berlin uses since 2016 their buffered “Museums- und Fotoarchivpapier mit Alkalipuffer, altweiß“ with 

a weight of 120 or 160 g/m² fulfilling standards DIN EN ISO 9706 (information and documentation about 

resistance to aging of paper-based documents), ANSI / NISO Z.39.48 (American National Standard for 

Permanence of Paper for Publications and Documents in Libraries and Archives), DIN 6738:2007 (highest life 

expectancy class LDK 24-85), and DIN ISO 16245 (information and documentation about covers and boxes used 

for long-time storage of paper-based documents).

Brown & Boise (2005, 2006) used cardboard for labels or glue label paper to a piece of cardboard and this to a 

glass slide with pH-neutral Lineco PVA adhesive. Removal of such labels is done by soaking in water or by 

mechanically cutting the cardboard horizontally with a scalpel. The advantage of lateral cardboard labels on a 

standard glass slide results in some protection of the centrally mounted coverslip against mechanical damage if 

slides are stored vertically or stacked horizontally (Wagstaffe & Fidler 1955, p. 198–199; Eastop & Emden 1972; 

Brown 1997; Brown & Boise 2005, 2006). This kind of storage is not recommended here for the reasons given in 

chapter 3.2 Storage. Also, high power magnifying objectives of the microscope with a low working distance may 

bump into thick pieces of cardboard. Therefore, paper or medium-thickness cardboard labels are preferred over 

thick cardboard labels.
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3.9.3 Inscribing

In any case, the catalogue number or any other unique identifier in natural language should always be scratched in 

with a diamond-tipped engraving scribe, a tungsten carbide-tipped engraving scribe (e.g., Bel-Art, Glascribe 

F44150), or an electrical engraving tool somewhere on every slide, so this most important cross-reference can 

never be separated from the slide specimen (Figs 2A, F, 3A–D; Tab. 16; Essig 1948; Pritchard & Kruse 1982; 

Sanderson 1994, p. 55; Brown 1997, p. 5). Inscription with a diamond-tipped or tungsten carbide-tipped engraving 

scribe undoubtedly represent the most durable documentation while at the same time not easy to read at a glance. 

Certainly, the least recommendable documentation is to write directly on the glass slide using a pencil on the 

frosted area of the slide or a “permanent” marker resistant to water and organic solvents and lightfast but 

vulnerable to mechanical abrasion (Fig. 5H). In most cases, a paper label will do best in terms of permanence and 

readability of the label. Certainly, ball-point pens and felt-tip pens do not belong to the permanent inscriptions, 

because they may be easily dissolved or blurred by immersion oil (Hooper 1986b) or solvents (Neuhaus pers. obs.).

It is most convenient to write labels with a laser printer (Tab. 14). In the printing process the toner of a laser 

printer is heated and pressed on the paper surface. In case the toner is shown not to be resistant enough to 

mechanical abrasion, e.g., by rubbing the letters on the paper with a finger, the label may be heat-treated in an oven 

or with an iron (heat level 1) before glueing it on the slide; if too much heat is applied, the toner will remain with 

the iron instead of the paper (Neuhaus et al. 2012). Good results over two decades with disposable ink pens for 

handwriting are available for Edding profipen 1800 (Tab. 14; Neuhaus et al. 2012). Other pens like Faber-Castell 

ecco pigment also show good results over several years (Neuhaus pers. obs.). Sturm (2006, p. 50) suggested as ink 

for hand writing Rotring 17 black, Hunt speedball super black ink, Pelikan 17 black, Pelikan 50 special black, and 

Higgins T-100 (Tab. 14). Heikinheimo (1988, p. 40) recommended to let any ink dry for at least 5 minutes before 

further handling the label; this is strongly encouraged by the senior author. Ink jet printers are generally not 

recommended for generating labels, because most “inks tend to fade on exposure to light” and are “soluble in water 

or organic solvents”(Sturm 2006).

3.9.4 Glue

Paraloid™ B-72 (USA: Acryloid B-72) seems to have been supplied in various formulae such as poly(methyl 

methacrylate-co-ethyl acrylate), poly(ethyl methacrylate-co-methyl acrylate), and poly(ethyl methacrylate-co-

methyl acrylate-co-butyl methacrylate) (Feller 1971, p. 125; Horie 2011, p. 159). The polymer dissolved in organic 

solvents such as ethanol, acetone, toluene, and xylene fulfills the highest standards in long-time stability with an 

expected life-time of over 100 years and removability by organic solvents (Horie 2011, p. 159; Davidson & Brown 

2012). It is commonly used in art conservation as picture varnish and glass adhesive and nowadays also in 

vertebrate paleontology, Davidson & Brown (2012) provide an overview of the properties of this polymer. 

Paraloid™ B-72 was suggested by Gütebier (2011, p. 74) for attaching labels to glass slides. Before application to 

a label, it must however be checked whether or not the inscription on the label may be dissolved by the solvent of 

the adhesive.

In order to avoid exposition to harmful organic solvents we suggest to adhere labels to the slide with an 

archive-quality, water-removable adhesive containing either wheat starch or hydroxypropyl cellulose like in Klucel 

G® as recommended by the paper conservator Dirk Schönbohm at the Museum für Naturkunde Berlin (Neuhaus et 

al. 2012) and also used successfully among other adhesives at the British Museum (Shashoua & Rugheimer 1998) 

and elsewhere in conservation (Butler & Klug 1980; Horie 2011, p. 211). The adhesive is sold in Japan under the 

name Nisso HPC® by Nippon Soda Co. Ltd. (Butler & Klug 1980). Klucel G® seems to possess excellent photo-

chemical stability but loses its degree of polymerization over time, which may be beneficial for the reversibility of 

the adhesive; therefore, Gill & Boersma (1997) suggested a stability of 20–100 years for this polymer in textile 

restoration. Klucel G® is soluble both in water and ethanol below 38°C; a 7% solution in water with 5% ethanol is 

recommended for mounting labels on slides. Adhesives containing wheat starch or hydroxypropyl cellulose work 

well with both paper and glass surfaces. Methyl cellulose paste can be used to connect a label with a piece of 

cardboard (Horie 2011, p. 211) of a Cobb aluminum slide, but does not adhere well to a glass surface (Hawks & 

Williams 2005). The major drawback of water-soluble adhesives is the vulnerability of the slide-label system to a 
NEUHAUS ET AL.122  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press



disaster in a museum collection involving water, such as breakage of a pipe and fire (Baker & Morse 2001). Least 

advisable are gummed labels or self-adhesive labels (Fig. 5I, J), because these very rarely consist of archive-quality 

components (Essig 1948; Brown 1997). Also, the glue may migrate through the paper to the surface of the label 

(Fig. 2G).

3.9.5 Storage of old labels

Old paper labels removed from a slide should never be discarded as suggested by Wilson (1971), because they 

contain usually some handwritten information, which may assist in identifying the person, who wrote the notes. 

Also, the design of the label may allow one to draw conclusions about which time a label (and the corresponding 

slide) may have been made. If a label has to be removed from a slide, it should either be glued back on a slide or be 

stored in a separate place. Before final storage, a label should be deacidified (see chapter 3.10.3 Restoration of 

slides—labels; Fig. 27F). Advised by a paper restorer (Neuhaus et al. 2012), collections of the Museum für 

Naturkunde Berlin store labels, sorted by taxonomic group and catalogue number, either in 4-flap paper envelopes 

filed in cardboard boxes (Fig. 27E) or alternatively in polyester slide and negative film preserver sheets produced 

by Secol housed by a cardboard file system made by Klug Conservation (Fig. 27F, G). All materials are of archive-

quality, and the polyester preserver sheets have passed the PAT-test (see chapter 3.9.2 Label paper). The 4-flap 

paper envelopes offers the advantage that new labels can be included in the box system without having to move 

neighboring labels, but suffer from the more time-consuming procedure of labelling each envelope on the outside 

and folding the four flaps both for storage and for subsequent reading (Fig. 27E). The slide and film preserver 

sheets allow the user to see every label at any time at a glance, but may require the curator to move labels if a new 

label requires a position between already stored labels. The latter may be overcome by deliberately leaving 

positions empty. Also, a microclimate may develop in the polyester pockets of a sheet. A piece of paper in each 

pocket behind a label may allow some environmental exchange (Fig. 27G).

3.10 Restoration procedures

3.10.1 General considerations for restoration

In view of the limited resources of staff in probably any museum of natural history, priorities have to be established 

concerning restoration efforts for microscope slides. The decision to repair or restore a slide will largely depend on 

the degree of deterioration, on the value of the specimen for science, and possibly on how well represented a 

species is at that museum (Notton 1995; Brown & Boise 2005, 2006). Deterioration of the mounting medium 

requires reaction without delay if cavities or crystals have formed near or at the specimen. The specimen cannot be 

investigated microscopically if it is exposed to air in a cavity. The situation is utmost dramatic if crystals or cracks 

occur in the immediate vicinity of or even on the specimen, because the crystals and cracks will grow over time and 

inevitably destroy the integrity of the specimen mechanically (Figs 16G–J, 17A–F, 18A–D, F, 19A, D; Pritchard & 

Kruse 1982, p. 84; Neuhaus & Kegel 2015, fig. 18AC). Insect slide “specimens dry on point should be wetted with 

a drop of absolute alcohol, soaked free with 5% NaOH, washed in 50% alcohol and then treated as fresh material” 

(Mound & Pitkin 1972, p. 125). It remains questionable whether or not this is the best approach for all invertebrate 

material.

It may be wise to try out methods with slides of less important specimens before attempting them on type 

material (Gunter & Brown 2005). Older specimens do not react to conservation treatment the same way and within 

the same time interval as fresh material. Consequently, seemingly “worthless” old voucher specimens, even if 

dried-up, should not be disposed of in museum collections, because such material can still serve as training items.

The need for restoration of a microscope slide may originate from (1) a broken glass slide, (2) a specimen 

mounted between two coverslips with an insufficient supporting structure, and (3) problems with the mounting 

medium. A broken slide may be glued together or, alternatively, the specimen can be re-mounted. An insufficient 

supporting frame made of wood, cardboard, or plastic (Fig. 4D–I) should be replaced by a Cobb aluminum slide. If 

the mounting medium has deteriorated, the medium may be either strengthened without removal of the coverslip, 

or it may be replaced entirely by a new medium.
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Restoration of microscope slides requires both general and specialized lab equipment. It is certainly helpful to 

provide at least one dedicated workplace just for mounting and restoring microscope slides and equip this place 

with the accessories listed in Table 12.

3.10.2 Restoration of broken glass slides

Generally, histological sections on a glass microscope slide are difficult to remove and re-mount on a new glass 

slide without significant losses. Therefore, the pieces of a broken slide with sections may only be glued together 

(but see below). Such a restored slide may be stabilized subsequently with a large coverslip or a 2nd glass slide 

below the broken glass slide (Fig. 3K) attached with neutral Canada balsam. This may impact application of the 

correct Köhler illumination because of the thicker glass layer towards the side of the condenser (Gill 2013, p. 319), 

but this should be outweighed by the advantage of being able to study the specimens at all.

For broken microscope slides, cyanoacrylates such as Technovit® 4004a or Loctite® 5332 can be used only as 

a temporary hold for pieces of glass, because any such adhesive will break down soon due to interaction of the 

adhesive with the alkaline surface of the soda-lime glass slide (Jackson 1982; Robson 1992, p. 187; Davison 2003, 

p. 217; Horie 2011, p. 166). A slide locally fixed with a cyanoacrylate can be subsequently glued with an epoxy 

resin (Jackson 1982; Robson 1992, p. 187). This procedure was described and illustrated in detail by Gütebier 

(2011, pp. 73–74, figs 1315) similar to a procedure suggested by Terwen (1983) for the stained glass windows of a 

church. It is most important to elevate the pieces of the glass slide from the underlying surface in order to avoid 

adhesion to this surface by the cyanoacrylate and epoxy resin (comp. Gütebier 2011, fig. 14). Epoxy resins for 

adhering glass (Tab. 12) have been developed for conservation (HXTAL-NYL-1 and Fynebond) or commercially 

(Araldite 2020) (Davison 2003, pp. 210215; Horie 2011, p. 297). Davison (2003, p. 212) reported that HXTAL-

NYL-1 “takes a week to cure fully” and “the resin component of Fynebond tends to crystallize at room temperature 

and so has to be melted before being mixed with its hardener”. Aliphatic epoxy resins like Araldite AY103/HY956, 

Araldite 2020, and Epotek 301-2 are more sensitive to moisture than the resins mentioned previously (Davison 

2003, p. 212). Especially HXTAL-NYL-1 and Araldite AY103/HY956 reveal ageing effects like yellowing after a 

considerably longer time than Epotek 301-2 and a large number of other epoxy adhesives (Down 1984, 1986, 

2001). Epoxy resins may deteriorate over time if the relative humidity is above 70% or if the plasticizer is lost (see 

chapter 3.8.7 Glyceel (= Zut, Thorne ringing compound); Horie 2011, pp. 290, 296).

Some articles describe removal of smear preparations or histological sections from a glass slide (Romeis 1948; 

Brown 1983; Wenger 1985; Brown & Tao 1992; Sanderson 1994). Brown & Tao (1992) soak a slide in xylene to 

remove the coverslip, cover the sections with Pro-Texx (from Lerner Laboratories, New Haven), and harden this 

ensemble in an oven overnight. The next day, the slide is warmed in tap water at 55°C for several hours until the 

section-Pro-Texx mount can be carefully peeled off the glass slide with a scalpel. Sections are collected floating 

with the section-side down on a warm water bath at 45°C, placed with the section-side down on a albumized new 

glass slide, blotted dry, smoothed with a small print roller, and dried in an oven at 60°C overnight. The next day, the 

Pro-Texx film is dissolved in xylene, and sections may be re-stained or directly re-mounted. This procedure has 

been developed for smear preparations, but may also work for histological sections. One limitation may be that 

Pro-Texx may not fully penetrate the entire thickness of the section. Romeis (1948, pp. 199–200) suggested a 

similar technique using “Sprimoidlack für histologische Zwecke”, which is not available anymore, whereas 

Wenger (1985) applied Diatex Liquid Cover Glass M7638 (see also Zimmerman 1963), which does not seem to be 

available in 1992 anymore (Brown & Tao 1992). Diatex seems to consist of poly(methyl methacrylate) and 

certainly other components (for properties see chapter 3.7.16 Polyacrylates and polymethacrylates; Streble 1963). 

Sanderson (1994, pp. 209–210) recommended to cover sections with DPX after removal of the coverslip, let this 

dry, strip the sections with the DPX from the slide, mount on a new slide, and dissolve the DPX. Richardson (2014, 

pp. 54–57) reported the successful removal of three ca. 100 µm-thick sections from a more than 100 year old 

microscope slide by soaking the mount in a mixture of 10% ethanol and xylene. The thickness of the sections 

certainly helped in this operation. Also, the sections were possibly not glued too strongly to the glass slide 

anymore.
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3.10.3 Restoration of slides—labels

In case of the necessity to restore a microscope slide or just its label and before further measures are taken, the slide 

should be photographed in order to document all label information (Garner & Horie 1984; Jacinavicius et al. 2013), 

and the catalogue number should be inscribed with a diamond-tipped or tungsten carbide-tipped engraving scribe. 

In contrast to Wilson (1971), an old label should not be disposed of but either be re-attached to the slide or be 

stored separately (see chapter 3.9.5 Storage of old labels). The following procedure has been suggested by a paper 

conservator during a project concerning wet collections at the Museum für Naturkunde Berlin (Neuhaus et al.

2012; Schönbohm pers. com.). The paper label may be removed in the warm (about 45°C) water bath of a Petri 

dish for 5–30 min by immersing the slide entirely (Fig. 27H) or only at its ends or if the slide is not supposed to be 

submerged in water (Tab. 13: Technique A; Garner & Horie 1984), by applying a poultice of wet blotting paper or 

cardboard to the label. The label can be taken up with a polyester fleece Hollytex 80 g/m² (Tab. 12), deposited on 

blotting cardboard 450 g/m² (Tab. 12), and remnants of glue may be removed by careful wiping with absorbent 

purified cotton wool (Tab. 12). The cleaned label is sandwiched by a polyester fleece, a blotting cardboard, and a 

coated wooden plate on both sides, weighted with several kilograms, and left to dry for a couple of days. The usage 

of polyester fleece as an intermediate layer is recommended, because the fleece does not adhere to the label, even if 

remnants of glue remain here.

Subsequently, the label may be deacidified by pump spraying it with the water-free magnesium oxide-based 

Bookkeeper™ (Tab. 13: Technique A; Pauk & Watering 1993) in a mixture of methoxy nonafluorobutanes and a 

proprietary dispersant (http://www.gmw-shop.de/datenblaetter/42215e.pdf). The magnesium oxide particles of 

about 1 µm diameter probably react with the ambient humidity to magnesium hydroxide, which neutralizes the 

existing acids in the paper and buffers the paper (Baty et al. 2010; http://www.ptlp.com/en). Alternatively, a label 

may be neutralized for at least 30 min in a Petri dish or tray with a solution of 0.15% calcium hydroxide in water, 

pH = 7–8.5. However, the latter application does not provide a buffer reserve on the paper in contrast to the former 

treatment with Bookkeeper™. Such a buffer reserve is recommended, because deterioration of the paper will 

continue and will result in acidic products, which accelerate degradation processes (Ahn et al. 2013). Bulk 

processing of labels (Fig. 27F) can be handled by specialized companies, in Germany these are, e.g., Zentrum für 

Bucherhaltung (ZFB, http://www.zfb.com/en/home) and Preservation Academy (PAL, http://

preservation.academy/), both in Leipzig. Degradation processes of paper and deacidification techniques were 

reviewed by Baty et al. (2010). For adhering a label to a slide see chapter 3.9 Labels.

3.10.4 Problems with mounting medium—general considerations

Before starting any restorative efforts, the registry catalogue, database, and if necessary the original literature about 

the specimen in question should be consulted in order to figure out, which preparation techniques, mounting 

medium, and coverslip seal may have been used. In the senior author’s experience, such information is not always 

reliable, but it represents a start. Initial conclusions may be drawn from looking at the specimen, because some 

mounting media show characteristic signs concerning the color, background of the medium, or deterioration 

artifacts (Figs 15–20), e.g., aged Canada balsam appears often yellowish to brownish (Fig. 15E); Hoyer’s medium 

may reveal a brownish of often finely granulated background if mixed with iodine and potassium iodide; radially 

growing and rectangularly crystals seems to occur especially in media containing poly(vinyl alcohols) (Figs 18B–

H, 19A, D, 20B–E); Permount™ shows a regular pattern of cracks (Figs 16D–J, 17A–F). One of the more 

advanced techniques includes taking a spectrum of the mounting medium with a Raman-microscope and 

comparing the result with spectra of known mounting media; this technique is currently developed in a cooperative 

project of the authors of this paper, which will result in a publicly available database of Raman spectra of known 

mounting media (Schmid et al. 2016). Pritchard & Kruse (1982, 1984) suggested dissolving any crystallized 

medium immediately with xylene. However, crystallization is very common also in water-soluble media (see above 

chapter 3.8 Mounting media; Tab. 6), so their approach is not recommended here if the nature of the mounting 

medium is unknown.

Repair of a damaged coverslip seals should be done by completely removing the seal manually and chemically 

and re-sealing the coverslip. It is not recommended to apply a new layer of Glyceel on top of old layers, because 
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“the solvent may cause the original glyceel to wrinkle” (Hooper 1986b, p. 317). Once the label of a microscope 

slide has been removed (Tab. 13: Technique A), the coverslip seal if existing, must be scratched away with a 

scalpel or needle before immersing the slide in a solvent to soften and finally dissolve the mounting medium. The 

coverslip seal may be softened before mechanical removal by applying water or an organic solvent, depending on 

the nature of the seal. For procedures how to deal with specimens mounted in water-solvable or hydrocarbon-

solvable media refer to Table 13. Additional general hints are given below.

Immersion of the slide is best done in a Petri dish of appropriate size, covered with a watch glass (Fig. 27I). In 

this way, the curved watch glass will collect any evaporating solvent in its center and allow it to drip back into the 

fluid opposite to a flat lid, from which liquid will easily drip onto the hot plate at its margin. The catalogue number 

should be inscribed onto the slide with a diamond-tipped or tungsten carbide-tipped engraving scribe if not 

available already, and a new small label made of paper with the catalogue number should be placed in the solvent. 

The original slide label should under all circumstances remain with the slide and can be stored on top of the watch 

glass covered by the lid of the Petri dish (Fig. 27I) or in a second container (Brown & Boise 2005, fig. 3), so the 

label cannot be blown away in a hood or by any breeze caused by the sudden hand movement by lab staff. This is 

especially important if several slides are restored at the same time in the same area. The senior author recommends 

keeping movement of a Petri dish with a soaking slide to a minimum in order not to lose the specimen if the 

coverslip detaches inadvertently. Moseley (1943b) as well as Brown & Boise (2005, 2006) suggested cutting a 

glass slide with a diamond stylus into three pieces, two pieces with the labels and the central piece with the 

mounted specimen; the central piece of the slide was subsequently soaked in an embryo dish to dissolve the 

mounting medium. While this procedure allows one to use a dish with a smaller diameter of about 28 mm and 

therefore decreases the risk of losing a specimen, the technique becomes problematic if the mounting medium does 

not dissolve as intended—and this has been the case with a kinorhynch species (Neuhaus & Kegel 2015). This 

problem may be circumvented if one slide of a series with presumably the same mounting medium is tested for 

solubility before cutting slides into pieces. Any restoration procedure requires a stereo microscope with a swing-

arm stand and a heavy base so a slide can be manipulated directly on the hotplate (Tab. 12). This arrangement is 

also necessary for making glycerol-paraffin mounts (Tab. 13).

Specimen and coverslip “should not be helped out“ of the mounting medium, because the risk of breaking off 

parts of the animal is too high, so patience over a couple of days is necessary until they float free (Brown & Boise 

2005, 2006; Woessner 2005; Jacinavicius et al. 2013). Pritchard & Kruse (1982, 1984) and Moore (1996) 

suggested flicking the coverslip off of a deteriorating mount after deep-freezing. We are not sure in how far a 

specimen may be damaged by this drastic procedure. Axel Christian (pers. com.) reported using hot water poured 

repeatedly on slides mounted with gum-chloral media. Woelke & Göke (1984, p. 212) recommended using plenty 

of mounting medium in order to avoid more fragile specimens being crushed by the coverslip and more rigid 

specimens to crack the overlying coverslip. Moore (1979) restored specimens from the middle of the 19th century 

mounted in Canada balsam by soaking the old mountant in xylene for up to two days, removing old balsam far 

from the specimen with a scalpel, and covering the specimen surrounded by remnants of old balsam with fresh 

Canada balsam (Moore 1979, p. 490). Garner & Horie (1984) restored slides with mosses from the late 19th century 

by re-mounting specimens in glycerol-gelatin, ringed with a mixture of zinc oxide and gum dammar, and 

subsequently with brown cement, a solution of shellac in ethanol.

Mounts with Canada balsam at the Natural History Museum in London are only restored, when a slide is 

broken, when phenol balsam turned black, or when a specimen needs to be macerated again for new taxonomic 

studies of old material (Brown & Boise 2005, 2006). Amazingly, specimens from blackened phenol balsam are re-

mounted in the same kind of medium again, although the phenol seems to be responsible for the deterioration of the 

mounting medium (Stroyan in Eastop 1985; Brown 1997; Brown & Boise 2005, 2006). In a similar approach, 

Pritchard & Kruse (1982, p. 78) dissolved the blackened mounting medium with xylene, and the specimen was 

soaked in beechwood creosote, transferred to 70% ethanol, soaked in 5% hydrochloric acid in 70% ethanol, 

dehydrated, and mounted in Canada balsam.

Cavities in a mounting medium reaching the margin of a coverslip may be filled by repeatedly positioning a 

small drop of fresh medium with a needle at the margin of the coverslip over a period of several days (Woessner 

2005). This author also suggests to slightly warm the slide for a short time. Heating at a higher temperature may 

lead to a softening of the mounting medium, and a bubble may be squeezed out by carefully pressing the coverslip 

with a needle (Woessner 2005). Too much heat will result in the development of more cavities, darkening of the 
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mounting medium, and damage to the specimen. Therefore, heating a slide requires both patience and experience. 

For a technique for filling cavities more centrally under a coverslip see Table 13: Technique B.

FIGURE 27. A. Absorbent purified cotton wool wrapped on skewer. B. Coverslips 24 mm x 24 mm with paraffin rings ready 
for mounting each specimen in a drop of glycerol on a Cobb aluminum slide. C, D. Slide mounting device for Cobb aluminum 
slides. E. Storage of labels in 4-flap paper envelopes filed in cardboard boxes provided by Klug Conservation. F, G. Storage of 
labels in Secol polyester slide and negative film preserver sheets housed in a custom-made cardboard file system made by Klug 
Conservation. Note certificate of deacidification with Bookkeeper™ in front of the labels (F) and sheet of paper behind labels 
in polyester envelope (G). H, I. Restoration of a microscope slide by soaking the slide in distilled water on a hot plate in the 
lower part of a Petri dish (Pd) covered with a watch glass (wg) before (H) and after removal of labels and their storage under 
the top of the Petri dish (I, toPd). Note drops of water dripping back into lower Petri dish (I).
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3.10.5 Problems with liquid mounting media—re-hydration of specimens

A solidifying mounting medium may develop cavities at some stage, and the specimen will be exposed to air (Figs 

3D, 18A–C, 19A, D, E, 20B–D). Usually, such a specimen maintains its structure with the help of remnants of the 

mounting medium. Therefore, the medium may be dissolved with water or an organic solvent like xylene, no extra 

care is necessary for the specimen as long as the correct solvent is used (but for a case report see chapter 3.7.15 

Permount™). However, if a specimen has dried-up on a slide because of evaporation of a fluid mountant, it will 

collapse like a mummified specimen (Prats-Muñoz et al. 2015, p. 285) or a specimen from a wet collection having 

lost its preservation fluid, because there is no supporting medium. Consequently, a dried-up specimen from a 

microscope fluid mount has to be re-hydrated and treated similar to a dried-up specimen from a wet collection.

Numerous recipes about the re-hydration of biological material can be deduced from zoological, forensic, 

pathological, and paleopathological studies back to the early 20th century (Tabs 14, 15). Whereas almost all papers 

refer to medium- to large-sized mummified specimens or to such specimens from wet collections (Tabs 14, 15), a 

single study has been found specifically about the re-hydration of animal and plant tissues on microscope slides 

(Moore 1979). This author reported restoring slides from the middle of the 19th century each with a chamber for a 

fluid-preserved specimen including re-hydration of specimens with 1% trisodium phosphate in some cases. For 

fixation of specimen to be re-mounted he used Steedman’s fixative and for the preservation fluid in the cell 

Steedman’s post-fixation preservative containing propylene phenoxetol and propylene glycol (Tabs 14, 15; 

Steedman 1976b, pp. 179–181). Propylene glycol increases the viscosity of a fluid, softens the specimen, slightly 

raises the refractive index, and inhibits growth of mold. Propylene phenoxetol is an anti-oxidant, bactericidal, and 

fungicidal (Steedman 1976b, p. 179–180). Coverslips were sealed with bitumen in toluene (Moore 1979). One 

reviewer of this manuscript remarked that specimens originally fixed in formaldehyde and then stored for at least 

10 years in Steedman’s preservative suffered catastrophic loss of tissue integrity, when examined histologically.

Generally, a re-hydration solution should possess the following properties as stated by Prats-Muñoz et al.

(2015, pp. 284–285): “An optimal rehydration fluid diffuses quickly into the tissue, which allows it to stabilize its 

structure. Therefore, the rehydration solution should contain emulsifying and tensoactive agents, a preservative that 

inhibits bacterial growth and a rehydrating agent (Mekota and Vermehren 2005); it is important to adapt the 

solution to the conditions under which preservation occurred.” A large variety of “emulsifying and tensoactive 

agents” have been used like Aerosol® OT, Antiformin, Biz laundry detergent, the fabric softener Unilever 

Comfort®, Contrad® 70, Decon® 90, dimethyl sulfoxide, dioctyl sodium sulfosuccinate, Drano-Max, Fit, Klean-

Strip® TSP substitute, Liquid Plumber Buildup Remover, Multi-Terge™, propylene glycol, sodium carbonate, 

sodium sulphate, trisodium phosphate, but also macerating agents like acetic acid, Contrad® 70, Decon® 90, 

potassium or sodium hydroxide, lactic acid, sodium citrate, and sodium hypochlorite, as well as buffers, normal 

saline, or disodium ethylene diamine tetraacetic acid (Tab. 15). Some authors suggested immersion of specimens 

into cold, warm, or hot ethanol solutions (Levi 1966; Ellis 1981). Others apply vacuum (Cunningham 1969; 

Jeppesen 1988; Carter 1998), heat from microwave (Prats-Muñoz et al. 2015), or heat from another source (Van 

Cleave & Ross 1947a, 1947b; Cunningham 1969; Banks & Williams 1972; Pritchard & Kruse 1984; Carter 1998). 

Concentrations of agents and length of time of application vary considerably, depending on which taxonomic group 

is treated, on the size of a specimen, and on the kind of tissue (Tab. 15; Prats-Muñoz et al. 2015). The outcome of 

re-hydration procedures seems to be quite variable (Tab. 15). Maceration of specimens may be disastrous, 

especially after too long exposure to some re-hydration solutions. Anti-bacterial and anti-fungal precautions should 

be taken but have not in every case, e.g., by addition of thymol crystals or another preservative to the soaking 

solution. No miracles should be expected from re-hydrating specimens. Although the outer shape of a specimen 

may be restored more or less completely, the cellular morphology will have suffered to a various degree (Tab. 15). 

Great care, tests, and frequent controls should be used when re-hydrating a specimen, especially if soft-bodied 

invertebrates of less than 1 mm body size on microscope slides have to be treated. The first major problem 

represents the identification of such dried-up tiny specimen on a slide before starting the re-hydration procedure 

(Neuhaus pers. obs.).
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3.10.6 Problems with water-soluble mounting media

For specimens in a water-soluble mounting medium like Hoyer’s mounting medium and Fluoromount G™, a 

straightforward approach is recommended (Tab. 13: Technique C). The senior author chooses distilled water at a 

temperature between 45–60°C, which is considerably higher than room temperature, in order to get a quicker 

dissolution of the mounting medium and to avoid growth of fungi and bacteria. The specimens are re-mounted on a 

Cobb aluminum slide allowing microscope observations from both sides (Hooper 1970, 1986a; Westheide & 

Purschke 1988). The upper coverslip is sealed with Glyceel prepared according to the recipe of Bates (1997). 

Koomen & Vaupel Klein (1995, p. 433) immersed microscope slides in 70% ethanol overnight to dissolve both the 

coverslip seal nail varnish and Berlese’s mounting medium.

Water-soluble mounting media like Berlese’s medium (e.g., for slides with insects) may be soaked for several 

days at room temperature in 30% ethanol, which inhibits growth of fungi (Brown & Boise 2005, 2006). A 

subsequent bath in 10% potassium hydroxide for 5–30 min would often dissolve remnants of the mounting 

medium; otherwise, a soak in warm 10% potassium hydroxide or in warm acetone may have to follow for some 

mounting media (Brown & Boise 2005, 2006; Gunter & Brown 2005). Remnants of dirt or mounting medium may 

also be removed from a specimen like a mite by adding a few drops of sodium hypochlorite to the soaking water in 

a Petri dish and letting it work for 1–3 min (Jacinavicius et al. 2013). Before applying these methods originally 

developed for arthropods to other invertebrates, careful tests should be done to make sure the specimens are not 

damaged by the chemicals. Morse (1992) suggested re-hydration of slides in a humidity chamber containing silica 

gel saturated with distilled water and a very small amount of ethanol to avoid growth of mold; too much ethanol 

may result in reaction with the mounting medium as can be confirmed for different gum-chloral media, which turn 

cloudy if exposed to ethanol (Jeppson et al. 1975, p. 388; Bink 1979; Garner & Horie 1984; Neuhaus pers. obs.).

If the coverslip does not detach from a water-soluble medium within two days, the senior author suggests 

stopping soaking, adding fresh mounting medium repeatedly to the edge of the coverslip, letting this dry for a 

couple of days, and finally ringing the coverslip with Glyceel (Tab. 13: Technique B; Brown 1997, p. 9). This 

procedure closed the cavities in the mounting medium widely (supposedly Hoyer’s mounting medium) in 

specimens of the kinorhynch Cateria styx Gerlach, 1956 from Chile and allowed microscopic studies again but did 

not dissolve all crystals (Neuhaus & Kegel 2015, comp. fig. 18D with fig. 18F). And, as Neuhaus & Kegel (2015) 

suspect, the water may “at some stage evaporate again and the mounting medium may reach a similar condition as 

before” revealing cavities and precipitations.

In another case, the kinorhynch species Pycnophyes frequens Blake, 1930, the mounting medium was 

deteriorating and represented possibly CMC-10, Hoyer’s mounting medium, or Permount™ (soluble in toluene), 

according to references from that author at that time (Higgins 1961, 1964) but not stated in the original publication 

(Higgins 1965). The medium dissolved in water within a few days in one slide, where cracks and crystals had 

reached the specimen indicating either Hoyer’s or CMC-10. In a second specimen, where cracks appeared only in 

the periphery, the medium without cracks turned yellowish-milky but did not dissolve entirely. Pieces of original 

mounting medium remained with the specimens in both specimens and could not be removed; this is only seen at 

higher magnifications with a microscope. Specimens were re-mounted as glycerol-paraffin slides; the specimens 

did not soften in glycerol as they usually do and could also not be manipulated to a flatter size (Neuhaus pers. obs.). 

The latter two examples indicate the importance of being able to identify a mounting medium properly with a non-

destructive technique.

3.10.7 Problems with hydrocarbon-soluble mounting media

For specimens in a mounting medium soluble in an organic solvent like Canada balsam, an approach analogous to 

the one described for water-based media above seems recommendable (Tab. 13: Technique D). Thatcher (1987) 

reported soaking a microscope slide with Canada balsam either in xylene or in methyl salicylate. Richardson (2014, 

p. 55) mentioned that soaking a slide in toluene or xylene alone may result in a “milky sticky semi-insoluble 

substance” and suggests to add 10–20% ethanol to either toluene or xylene; re-mounting should be done via rinsing 

in pure toluene or xylene. Brunner & Blueford (1986) used an alternative approach for re-mounting fossil 

Radiolaria and heated the slides with Canada balsam in a microwave until it melted. This procedure did not yield 

satisfying results with fossil graptolites mounted in the same medium, but led to darkening of the medium and the 
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formation of vesicles (Allington-Jones 2008). Heating of Canada balsam until it melts at 80°C (Lillie et al. 1953, p. 

59) cannot be recommended for recent biological material, because the heat applied to melt the medium may harm 

the specimen mounted. For our own experience with Permount™ see chapter 3.7.15 Permount™.

3.10.8 Overly macerated specimens

It is known that specimens may be intensely macerated, e.g., by gum-chloral media, so that they cannot be 

recognized even by a microscope equipped with differential interference contrast (Kinorhyncha: Neuhaus & Kegel 

2015). Similar problems occur on slides of Acari (Amrine & Manson 1996; Lillo et al. 2010). The latter authors 

suggest soaking the slide in water on a hotplate, adding a drop of iodine stain preferably with the original mounting 

medium, and blotting the stain with absorbent paper from the other side of the coverslip so the stain migrates over 

the specimen. The authors also state: “This technique may not work with very old slides, difficult media such as 

polyvinyl alcohol, or overly faded specimens; but if the slide is not usable, this technique is worth a try.” (Lillo et 

al. 2010, p. 294). Staining may also be done alternatively with dyes like chlorazol black, eosin, light green, and 

orange G (Knudsen 1966, p. 274), because these components are commonly used for staining small invertebrates 

on slides (see also chapter 3.1.4 Staining). Delicate chitinous structures may be stained with phenol-fuchsin 

(Martin 1978, p. 103).

For microscope- and software-based contrasting methods see chapter 3.12.1 Microscope equipment. However, 

these methods may not work if the specimen is macerated excessively.

3.11 Alternatives to microscope slides

Considering the problems with mounting media for microscope slides, one might think of alternatives to store 

minute valuable specimens. In arthropod collections, it is common practice to keep genitalia in small glass or 

plastic tubes filled with glycerol or clove oil and sealed with a cork or silicone rubber stopper; this ensemble is then 

attached to the needle with the insect and the labels (Barr 1973; Robinson 1976; Martin 1978, pp. 103–104; Brown 

1997; Jäger pers. com.). Obviously, this practice is time-saving in terms of providing specimens on loan to other 

scientists, and loans do consume a lot of the working time of staff in insect collections. However, it is foreseeable 

that plastic tubes as well as cork and silicone rubber stopper will inevitably deteriorate over time and must be 

replaced, requiring staff working time to do so and risking loss of the specimen’s genitalia by improper handling in 

the collection, during transport, and by the scientist requesting the loan (Robinson 1976). Also, the vials may dry 

out because of leakage or evaporation of the storage liquid. Recovering the specimens from the vials and keeping 

track of many temporary microscope slides at the same time is both time-consuming, tedious, and erratic (Barr 

1973; Robinson 1976; Brown 1997).

Valuable specimens could also be stored in a small tube contained in a larger jar in the wet collection. About 

2% glycerol may be added in order to prevent complete drying out of specimens if the ethanol should evaporate; 

nematodes seem to last at least 46 years in this condition (Hooper 1986b). The main drawbacks of this kind of 

storage are the “excessive direct handling and manipulating of the specimen” for the recovery of the minute 

specimen from the tube for re-examination, making a proper temporary slide mount without damaging or losing the 

specimen, and recovering the specimen from the slide again (Martin 1978, pp. 107–108). Also, there is a high risk 

that a temporary mount dries out if “temporary” turns out to last much longer than expected. For these reasons, 

storage of identified, valuable, and minute specimens in a wet collection has its pros and cons as alternative to 

storage on microscope slides.

In entomological collections, insect genitalia are also glued with a water-soluble glue on the tip of elongate-

triangular strips of cardboard pinned with the insect’s body. Genitalia are dissolved with water for investigation and 

studied in glycerol as a temporary microscope slide. Also, the genitalia may be mounted in different orientations 

for investigation (Jäger, pers. com.). From a curatorial point of view, this procedure may represent at least a longer-

lasting and safer solution than mounting the genitalia on plastic strips or storage in plastic tubes with a cork or 

silicone rubber stopper. However, genitalia glued to a strip of cardboard are more vulnerable to mechanical damage 

if the specimen is not handled carefully enough.
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3.12 Digitization of microscope slides

Mass digitization of natural history collections at an industrial scale is strongly advocated by some authors (e.g., 

Blagoderov et al. 2012). This includes scanning horizontally stored slides with the SatScan® system (Blagoderov 

et al. 2012), which would result in images of labels and the outline of specimens at best. A more realistic and more 

sophisticated approach to digitization was suggested by Jersabek et al. (2003a, b), Jersabek (2005), and Ang et al.

(2013). These authors encourage digitization only “if they (i) enhance taxonomic output and quality, (ii) are 

feasible, and (iii) have favorable cost-benefit ratios” (Ang et al. 2013, p. 637). Consequently, digitization is 

proposed on user demand thus ”integrating science and digitization” (Ang et al. 2013, p. 638). There are major 

drawbacks in digitization of microscope slides concerning both general considerations and technical limitations:

(1) Digitization does not stop deterioration of the original microscope slides in any way but takes staff time and 

expertise, which is then lacking for restoration efforts (see also Ang et al. 2013).

(2) Slides have to be cleaned and possibly restored in a time-consuming procedure (comp. Tab. 13) before any 

images can be taken. It would be of limited use to digitize deteriorating slides with cavities, cracks, and crystals in 

the mounting medium or even on the specimen. Publishing such images in a publicly available database may be 

counter-productive, because this would openly demonstrate lack of care by a museum.

(3) It requires considerable time and expert knowledge to take meaningful photographs of exactly those 

characters, which are taxonomically valuable for a database of, e.g., type and rare specimens (Jersabek et al. 2003a, 

b; Jersabek 2005; Ang et al. 2013). Also, each slide would have to be digitized individually with a motorized 

microscope, especially if DIC or phase contrast are required (see also topics 7 and 8). Such efforts will be even 

more problematic if a collection is comprehensive and contains numerous different supraordinated taxa, for which 

experts are lacking at a given museum.

(4) Digitization of a microscope slide cannot replace the physical specimen, because in the future additional 

morphological characters may become important, which were not documented by images, e.g., because the 

specimen was not orientated in a favorable position. A physical specimen may be re-mounted in a different position 

but not an image. Also, future new techniques of investigation may be applied to a physical specimen but not to a 

digital image, so keeping only images would actually limit future research. On the other hand if specimens are 

deteriorating rapidly, stacks of images may be all that remains from a specimen.

(5) Bulk scanning of microscope slides may be used for the presentation of collections to the general public, 

but laymen are certainly more attracted by beautiful or interesting images rather than by masses of microscope 

slide images without any meaningful information to them. However, it does take considerable time and effort to 

take interesting images and to provide adequate information about them (see topic 3).

(6) For scientific purposes, stained histological sections and mounts of spicules of Porifera seem to represent 

the most promising applications of bulk slide scanning currently, because stains fade over time (see chapter 3.7.1 

General aspects of mounting media) and may be “preserved” in digital images if these are taken shortly after the 

production of the histological slide. Also, the digitized sections may be used for three-dimensional reconstruction 

of specimens or their organs. Such reconstructions would become possible also for Porifera spicules.

(7) Technical limitations are inherent in current (semi)automatic slide scanners originally designed mainly for 

the digitization of medical microscope slides yielding bright field and fluorescence imaging. Numerous images of a 

microscope slide are taken at different focal levels, extended focus images created, and these stitched together into 

one large image of several gigabytes. Differential interference contrast and phase contrast imaging as well as use of 

oil immersion objectives are currently not possible with any of the scanners on the market (see also below). The 

highest resolution with a commercial slide scanner is currently reachable with a Zeiss Planapo 40x/0.95 corr. in a 

Zeiss Axio Scan.Z1; however, the correction of the thickness of the coverslip has to be done individually and 

manually for each slide, so batch processing is not possible with this objective. One of the more flexible scanners 

on the market, Zeiss Axio Scan.Z1, offers at least custom-made adaptation to various sizes and thicknesses of 

microscope slides beyond the standard glass slide as well as ring aperture contrast. However, a number of slides at 

the Museum für Naturkunde Berlin possess lateral stripes of glass or cardboard, which increase the thickness of a 

slide to up to 4.6 mm. Such slides certainly cannot be scanned with a currently available digital scanner and have to 

be handled individually with an upright microscope. Although 100–200 slides may be digitized in one batch 

overnight, cleaning and calibration of every single slide before digitization is manual and requires time.
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(8) Technical limitations are also inherent in current software programs for stacking images to an extended 

focus image if it involves Nomarski differential interference contrast images. In an upright microscope, the prism 

in the condenser creates two light beams, which pass the specimen and are re-united by the prism above the 

objective (Lang 1968, fig. 8; Bradbury & Evennett 1996, fig. 7.7). These two light beams are diffracted in a slightly 

different way by the specimen depending on the density of the specimen at that point and at the focal level, where 

each light beam hits the specimen. Consequently, the light beams are no longer parallel anymore and have also 

slightly moved laterally. Therefore, the images from a stack of images are taken along the slightly oblique light 

beams, in some way similar to the beams in a Grenough stereo microscope, and structures do not appear 

completely aligned anymore. Stacking of more than a few DIC images will often lead to artifacts in an extended 

focus image, especially for spines or at the margin of a specimen. Also, stitching of images does not seem to work 

(Betz pers. com.). Consequently, stacks of DIC images may be taken as documentary records, but images may 

better be stored individually.

In summary, bulk scanning does not really represent an alternative to slides, neither for outreach activities nor 

for most of scientific research. On the contrary, even digitization of certain slides by an expert in the highest quality 

possible may just be complementary to physical microscope slides in a few specific cases only (Jersabek et al.

2003a, b; Jersabek 2005; Ang et al. 2013).

3.13 Study of specimens and documentation

3.13.1 Microscope equipment

Objectives. The higher the numerical aperture of an objective, the more the quality of the image depends on the 

thickness of the coverslip, for which the objective has been corrected by the manufacturer, because the image will 

otherwise appear blurred due to spherical aberration (see also chapter 3.6 Coverslips; Adam & Czihak 1964, p. 78; 

Zölffel 2011). In oil immersion objectives, the oil offers the same refractive index as the glass, so the working 

distance of the objective primarily limits the focal range that can be studied with the lens. Dry objectives with a 

high numerical aperture usually possess a correcting collar for adjusting to the correct thickness of the coverslip-

mounting medium complex; the collar was introduced by Andrew Ross back in 1837 (Adam & Czihak 1964, p. 78; 

White 1974; Böck 1989). In older microscopes with a horseshoe-shaped stand, differences of coverslip thickness 

can be compensated for by a change in the mechanical tube length of the microscope at the draw tube or by a 

special Jackson tube length corrector first described by Bracey (Bracey 1931; Sartory 1949; Wagstaffe & Fidler 

1955, p. 195; Spinell & Loveland 1960, pp. 78–79; Adam & Czihak 1964, p. 78). Special objectives with a larger 

working distance allow the user to study thick specimens or inverted glass slides. However, the numerical aperture 

and, therefore, the resolution is considerably lower in such lenses (e.g., Zeiss LD Plan-Neofluar 63x/0,75 Korr, 

working distance 1.7 mm with coverslip 0.75 mm thick, compensation of coverslip thickness 0–1.5 mm) than in an 

objective with a “normal” working distance (e.g., Zeiss Plan-Neofluar 63x/0.95 Korr, working distance 0.12 mm 

with coverslip 0.17 mm thick, compensation of coverslip thickness 0.13–0.21 mm). An additional magnification 

module above the objective facilitates concentration of the microscopic observation on important details without 

being distracted by information from surrounding tissue, e.g., with the help of a Zeiss Optovar 1.25x / 1.6x / 2.0x or 

an Olympus module U-CA 1.25x / 1.6x / 2.0x. The magnification module is also recommended for dry 63x 

objectives in order to reach an increased total magnification. The highest secondary magnification lens is not 

recommended for photography, because the magnification reached does not provide a higher resolution and is often 

referred to as “empty magnification” (Piston 1998). Total magnification should not exceed 500–1,000x the 

numerical aperture of the objective (Gill 2013, p. 322). Alternatively, oculars with 16x magnification may be used 

for observation instead of the regular 10x oculars, but limitations concerning total magnification apply here as well.

Contrast. Macerated arthropod specimens are often stained in order to make delicate structures visible in 

transmitted light bright field microscopy (comp. chapters 3.1.4 Staining and 3.10.7 Overly macerated specimens). 

Entire specimens of meiofauna are commonly studied with differential interference contrast in order to observe 

morphological details differing with minimal contrast. Phase contrast microscopy may represent an alternative for 

very flat specimens showing small halos with this system, especially if objectives of highest magnifications are 

used (Noyes 1982; Disney 1989; Noyes & Polaszek 1989; Neuhaus 1993, figs 6 and 11; Lillo et al. 2010). More 
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recently, tardigrade and mite autofluorescing cuticular structures have been investigated with the help of 

epifluorescence using UV light (330–485 nm) and confocal laser scanning microscopy using blue light (405 nm), 

respectively (Chetverikov 2012; Perry et al. 2015). Whereas gum-chloral media resulted in a good image quality of 

internal genitalia and external morphological characters of mites, staining a specimens with iodine or mounting in 

media containing poly(vinyl alcohol) lead to a severe reduction of the autofluorescent signal (Chetverikov 2012). 

This author also reported photo bleaching by the laser within 0.5–3 minutes depending on the species. 

Autofluorescence decreased severely within one year after mounting, and especially internal details became less 

visible (Chetverikov 2012). Nevertheless, Chetverikov (2016a, p. 378) suggested “that CLSM can be a very useful 

method for studying old, opaque, darkened or poorly-cleared specimens which would otherwise be difficult to 

remount”.

A home-made combination of a Carl Zeiss Jena interphako tube with a Leitz Dialux stand and interference 

contrast condenser allows simultaneous, continuously modulated interference and phase contrast observations with 

considerably fewer optical artifacts than the individual contrast techniques alone (Piper & Piper 2014). Phase 

contrast, Zernike phase contrast, DIC, and Hoffmann modulation contrast images have now also been emulated by 

software from transmitted light bright field images in a confocal microscope equipped with a transmitted light 

detector (Cody et al. 2005). This quantitative phase-amplitude microscopy technique may also help in getting 

useful images from overly macerated specimens or from mounting media that mask certain characters like Canada 

balsam. Since the technique is based on stacks of transmitted light bright field images, a regular bright field 

microscope plus the stand-alone software are sufficient to get the software-generated, contrast-enhanced images 

mentioned before (Barone-Nugent et al. 2002).

Insect genitalia are sometimes mounted on a small plastic strip attached to the needle with the remaining 

specimen and the labels (see chapter 3.4 Slides). The genitalia can generally be observed with a microscope if the 

plastic strip is placed on a standard glass slide. Investigations using differential interference contrast will probably 

lead to interference with the plastic strip. If this cannot be tolerated, a microscope designed for studies including 

plastic materials can be used, e.g., an upright microscope Zeiss AxioScope equipped with PlasDIC. This technique 

uses a slit diaphragm in the condenser to generate two parallel light beams that are polarized and re-united by a 

polarizer and a prism above the objective after having passed through the specimen and the objective (Wehner 

2003; Danz et al. 2004); consequently, no polarized light interferes with the plastic strip.

Condenser. The optimal image quality of an objective is only obtained if Köhler illumination is ensured (Gill 

2013, pp. 309313, fig. 19.2). Objectives with a numerical aperture of nD > 0.95 benefit greatly if the common dry 

condenser with a numerical aperture of nD = 0.9 is replaced by an oil immersion condenser with an aperture of nD 

= 1.4. This procedure requires oil immersion of the microscope slide from both sides, but the extra effort will be 

worth it for very delicate structures. Slides thicker than standard glass slides may not allow the user to place the dry 

condenser with a numerical aperture of nD = 0.9 in the correct position for Köhler illumination, so observation with 

objectives of a high numerical aperture will suffer. This can be partly overcome by using a condenser with a larger 

working distance and a lower numerical aperture like nD = 0.63, but this will result in poorer resolution of the 

image of the objective as well (see previous paragraph). In any case, a compromise must be chosen for observation 

of thicker microscope slides. Observation of a double-coverslip mount from its reverse side may lead to the 

problem that the condenser cannot be moved close enough to the slide, because the slide frame may be too thick, 

and the microscope stage limits the movement. In many Carl Zeiss (west) microscopes, the screw limiting the 

movement of the condenser can be removed.

Heavily sclerotized chitinized arthropod cuticle becomes significantly more transparent if illuminated with red 

or near-infrared light; “the general principle is that using a filter of a color complementary to that of the object will 

enhance the contrast, whilst using a filter of the same, or a similar color, will diminish the contrast of the object” 

(Bradbury & Evenett 1996, pp. 28, 29). Study of diatoms in mounting media with a low refractive index can still be 

facilitated by using blue LED or better UV light in combination with image-processing methods like stacking, 

averaging, and background-subtraction (Höbel & Sterrenburg 2011). However, great care should be taken to 

expose specimens and mounting medium to UV light for as little time as possible, because the latter may be 

seriously damaged by the radiation (Höbel 2016). It seems that Caedax, Canada balsam, and Naphrax are more 

resistant to UV damage than the unknown medium shown under the previous link (Höbel pers. com.).
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3.13.2 Optical surfaces, immersion oil

General remarks. The most basic prerequisite for good quality observations of microscope slides is that both the 

objective and the slide show a clean surface not contaminated with dust, glass particles abraded from specimen 

slides, flakes of the microscopist’s skin, fibers from clothing, pollen, fingerprints, grease, remnants of immersion 

oil, and the like. Consequently, a microscope not in use should always be covered with its non-conductive (!) 

plastic dust cover supplied by the manufacturer, which unlike a regular plastic bag will not attract dust (Duke 2004; 

Gill 2013; Michalski pers. com.). Also, microscopes should always be located in a dry environment, because fungi 

may develop on the optical surfaces under humid conditions feeding on the minerals of the lens coating and dirt 

and etching the glass by their production of acidic, alkaline, and chelating agents (Kerner-Gang 1977; Drewello & 

Weissmann 1997; Duke 2004; Cordero 2013). The fungi may be removable, but often the lens may be spoiled 

because of the corroded surface (Drewello & Weissmann 1997; Cordero 2013). In a humid environment, “air 

conditioning or installing an infrared lamp above the microscope (minimum distance 150 cm or 5 feet)” may help 

to avoid fungal growth; also, “Carl Zeiss microscope optics are impregnated with an improved antifungus agent 

(manufacturer: Bayer)” (Zölffel 2011; Rottenfusser, R., Wilson, E.E., Davidson, M.W. Carl Zeiss Microscopy 

Online Campus: Microscope Cleaning and Maintenance. http://zeiss-campus.magnet.fsu.edu/articles/basics/

care.html, accessed 19 April 2016). A list of microbiozides for the protection of glass potentially also used in 

microscopes was published by Drewello & Weissmann (1997). If air conditioning is available, it must run 24 hours 

a day in order to avoid an increase of humidity, and optical parts may be stored in a sealed container with silica gel 

or in a heated container (Cordero 2013).

Cleaning. Nikon recommends cleaning optical surfaces with aqueous fluids like the window cleaner 

Sparkle™ or blue liquid Windex™ and removing residuals with xylene or mixtures of ether and alcohol (Larson 

2001). According to recommendations by Zeiss, slides and optical surfaces may be initially cleaned by blowing 

loose particles away with a rubber dust blower (= bellows ball) and subsequently by wiping with a wetted and 

repeatedly folded Whatman lens cleaning tissue 105, which is chemically pure cotton and without any additives or 

silicone (Zölffel 2011). The most convincing and cheap tool for cleaning glass surfaces in the senior author’s 

experience is absorbent purified cotton wool wrapped around a thin stick (Zölffel 2011). Direct contact of cotton 

wool with fingers must be avoided in order to prevent contamination with sweat and body fat. Therefore, the cotton 

bud at the tip of the stick is best rolled in the plastic storage bag of the cotton wool. It is prerequisite to use only 

medical quality DAB 6 (= Deutsches Arzneibuch 6.0, German Pharmacopoeia) absorbent purified cotton wool, 

which consists of 100% cotton, is highly absorbent, fluff-free, and does not contain any chemical additives 

(Anonymous 2016; Bracher et al. 2016a, b; Zölffel 2011). Medical quality absorbent purified cotton wool is 

defined in various pharmacopoeias such as those of Europe and the United States. Any other cotton wool is 

impregnated with chemical substances or includes synthetic fibers like viscose (= purified rayon) (Anonymous 

2016; Bracher et al. 2016 a, b; Rottenfusser et al.: see above). In Germany, Zeiss recommends ophthalmic cotton 

wool (= Augenwatte, absorbent purified cotton wool) by Kerma Verbandstoff GmbH (Tab. 12). Alternatively, 

absorbent re-usable polyester swabs (ITW Texwipe CleanTips®) work well on the optical surfaces of a microscope 

(Zölffel 2011). Facial tissues and microfiber cloth must never be used for cleaning optical surfaces of a microscope 

because of their abrasive properties; for the same reason, any wiping of optical surfaces must be done with a wetted 

lens cleaning tissue or absorbent purified cotton wool (Rottenfusser et al.: see above). Any wiping of an optical 

surface should start in the center and rotate in a corkscrew motion to the outside in order not to redistribute dirt on 

an already cleaned area again; for each sweep, a new piece of lens cleaning tissue or absorbent purified cotton wool 

should be used (Duke 2004; Zölffel 2011; Rottenfusser et al.: see above).

The rubber dust blower should not be substituted by a compressed gas duster (= dust-off spray, compressed gas 

duster), because the aerosol propellant, extremely cold air, or re-liquefied gas may be deposited on the optical 

surface to be cleaned and may damage it (Duke 2004; Rottenfusser et al.: see above). The optical surface may be 

carefully fogged with one’s breath (avoid contamination with saliva), or the absorbent purified cotton wool may be 

wetted with a small amount of distilled water or alternatively with a volatile organic solvent such as petroleum 

ether or a mixture of analytical grade 85% n-hexane and 15% isopropyl alcohol, which evaporates before possibly 

dissolving the lens cement or the coverslip seal (Tab. 10; Zölffel 2011; Rottenfusser et al.: see previous paragraph). 

The isopropyl alcohol extends the retention time on the optical surface (Rottenfusser et al.: see above). Duke 

(2004) suggests carbon tetrachloride, diethyl ether, freon ff, heptane, methylene chloride, naphtha, toluene, 
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turpentine, and xylene for cleaning Cargille immersion oil, but these are considerably more hazardous to humans or 

the environment than hexane and ispropyl alcohol. Many organic solvents may leave residues on the optical surface 

(diethyl ether, ethanol, toluene, xylene) or dissolve the cement of the front objective lens (acetone), the plastic and 

rubber parts of the oculars (acetone, chloroform, methylene chloride), or the paint on the microscope (acetone, 

xylene) (Duke 2004, p. 44; Rottenfusser et al.: see above). The lens cement of objectives from older Carl Zeiss 

microscopes, often Canada balsam, is sensitive to acetone and ethanol, whereas the lens cement from more recent 

microscopes, usually polyacrylic resins, is not (Zölffel 2011; Rottenfusser et al.: see above). Care should be taken, 

when organic solvents are used, not to come into contact with the coverslip seal or any mounting medium, because 

the solvent may react with these substances. In contrast to Larson (2001) and Duke (2004), Zeiss does not favor 

household cleaning agents at all, because they often contain ammonia or acids, both of which may dissolve the 

antireflection coatings if applied repeatedly (Zölffel 2011).

Immersion oil. Different immersion oils have been used during the past century, several with severe 

drawbacks for the slides or the health of the observer. Immersion oils may generally lead to degradation of the 

coverslip seal, become tacky, or thicken (Hooper 1986b). Cedarwood oil was used in the 19th and 20th century as an 

immersion oil (Romeis 1948; Böck 1989). However, this natural oil dried over time and finally solidified (Adam & 

Czihak 1964, p. 170), so objectives and coverslips had to be cleaned immediately after usage. Also, methyl 

benzoate seems to have been applied for the same purpose, but this may dissolve coverslip seals and mounting 

media quickly (von Knorre pers. com.). Older literature also suggests anisole, paraffin oil plus 1-

bromonaphthalene, and olive oils plus 1-bromonaphthalene as immersion oils (Adam & Czihak 1964, p. 171). 

Anisole evaporates quickly (Tabs 4, 10) and attacks the cement of front lenses (Rottenfusser et al.: see above), and 

all four media are hazardous, so these media certainly do not qualify for use today. Immersion oils by Cargille, 

Carolina Biological Supply Company, Crown, Fisher, Harelco, Nikon, and Zeiss in Europe, North America, and 

Japan consisted until about the end of the 1970s of polychlorinated biphenyls (PCBs), but this fact was not 

indicated on the container (Bennett & Albro 1973; Lee et al. 1999). The PCBs were replaced by mixtures 

containing chlorinated paraffins, which also constituted a health hazard (Sacher 1984: mixture of a dialkyl 

phthalate, a butyl benzyl phthalate, and chlorinated paraffin, US patent 4,465,621 for Cargille Laboratories; Tanaka 

1988: mixture of polybutadiene with one or more components of chlorinated paraffins, polybutene, carboxylic acid 

esters, liquid paraffins, saturated aliphatic alcohols, and alicyclic alcohols, US patent 4,789,490 for Idemitsu 

Petrochemical; Carl Zeiss Immersion oil 518 C, composition cited in: Weippert 1998: mixture of chlorinated 

paraffins and di-n-butyl phthalate, US patent 5,817,256 for Carl Zeiss and MSDS from 13.X.1995; Lee et al. 1999). 

Leica, and possibly other companies, substituted the chlorinated paraffins with epoxy resin components causing 

contact dermatitis (e.g., Lee et al. 1999). Leica withdrew this immersion oil in 1997. The main ingredients of the 

current immersion oils Zeiss Immersol™ 518 F and Immersol™ 518 N are adipic acid-di(8-methyl-

tricyclo(5,2,1,0,2,6)decane)ester and benzylbenzoate and of Immersol™ M octahydro-4,7-methano-1H-

indenmethanol and oxidipropyl dibenzoate according to the MSDS ( Available from: https://www.micro-

shop.zeiss.com, accessed 30 May 2017). Crystals form in an older formula of Leica Immersion Oil, item No. 11 

513 859, and of Zeiss Immersol™ 518 F. Both oils nevertheless offer high quality immersion observation, and 

crystals in the oil can be dissolved again by heating the bottle with the oil but without the plastic lid in a microwave 

for about 10–20 seconds or in a water bath at 40–50°C. These oils stem from the same source. More recent 

formulae of Leica Immersion Oil and Zeiss Immersol™ 518 F do not form any crystals over time.

Immersion oil should be removed from an immersion oil objective daily, because some oils tend to harden or 

form crystals over time and may even enter the objective, especially in inverted microscopes (Larson 2001; 

Rottenfusser et al.: see above). Different immersion oils or even different batches of the same oil should not be 

mixed in order to prevent potential crystallization problems (Duke 2004; Zölffel 2011). It remains open how 

hazardous immersion oils may turn out to be in the future. Therefore, contact of skin with immersion oil should 

always be minimized, and old immersion oil should be disposed of according to hazard regulations. 

3.13.3 Documentation

Generally, specimens studied for taxonomic purposes should be documented as extensively as possible, e.g., by 

light micrographs, SEM or microtomographic images, and illustrations, also because the slides of the original type 
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material may deteriorate and the published images may be all that remains from a collection (Amrine & Manson 

1996; Lillo et al. 2010). In addition, images and other documentation taken during a life-long career in taxonomy 

are often lost for the scientific community with the retirement of a scientist. This may be partly overcome if data is 

stored at one of the larger natural history museums (e.g., physical illustrations on paper) or in a database designated 

for morphological data such as MorphBank ALA (http://www.morphbank.ala.org.au, accessed 09 November 2015; 

see also Fisher & Dowling 2010) and MorphDBase (= Morphological Description Data Base; https://

www.morphdbase.de/, accessed 09 November 2015). Alternatively, image data may be stored in a specimen data 

base of a natural history museum.

Taxonomic studies usually include drawings of a specimen. The easiest way of getting such an illustration is 

certainly using a drawing tube (= camera lucida) attached to a microscope and outlining the interesting structures 

with pencil. The term “drawing tube” must not be mixed with the “draw tube” of the older microscopes with a 

horseshoe-shaped stand; in the latter, the tube was used to compensate the varying thickness of the coverslips by 

adjusting the mechanical tube length (see previous chapter; Wagstaffe & Fidler 1955, p. 199; Spinell & Loveland 

1960; Adam & Czihak 1964). Detailed instructions about how to proceed with a drawing tube for taxonomic 

illustrations were provided by Lillo et al. (2010). The draft taken with the drawing tube may be subsequently either 

drawn in ink on an overlaying sheet of semitransparent paper or digitized with a flatbed scanner, imported into 

Adobe Illustrator, and drawn digitally with the help of this program and a Wacom Intuos digitizer board (Coleman 

2003). Coleman (2006) later suggested macerating specimens like small crustaceans, taking serial stacks of images 

of the relevant structures thus replacing the pencil draft illustration, importing the images into different layers in 

Adobe Illustrator, and drawing digital lines on top of the images in a separate layer. His latest improvement refers 

to drawing setae, spines, and complex setae in a more sophisticated way with the software Adobe Illustrator 

(Coleman 2009; Fisher & Dowling 2010). The drawing tubes designed for Zeiss Axioskop and Axioplan as well as 

for the Leica DMR belong to the best corrected tubes ever produced with a possibility for post-magnification and 

with the least amount of distortion. This is very important if a specimen has to be moved on the stage for complete 

illustration. These tubes are no longer manufactured and do not fit to the current Zeiss AxioImager, Axiovert, and 

AxioScope series. A more recent and more simple drawing tube by Leica does not allow post-magnification and 

reveals more distortion in the periphery. Olympus offers adaptation of a 2x objective to the drawing tube in order to 

draw more details in the illustrations.

If no drawing tube is available, proportions may be estimated with the help of a grid plate in the correct ocular 

plane and transferred with pencil on a sheet of paper. More recent digital solutions include a combination of a 

digital camera Zeiss Axiocam ERc 5s mounted on a microscope, the free software Zeiss Labscope, and an Apple 

iPad. The option “drawing tube” in the software allows to digitally draw on the iPad (more information  Available 

from: https://www.zeiss.com/microscopy/int/products/microscope-software/labscope-for-windows.html, accessed 

30 May 2017). Another approach suggested a digital video camera mounted on a microscope, the free VLC media 

player used in overlay mode to establish the live microscope image as a background for the drawing, an open 

source drawing software such as GIMP for raster graphics or InkScape for vector graphics, and a digitizer board 

(Sidorchuk & Vorontsov 2014). Since the previous solution did not work with the operational system at his 

institution, Chetverikov (2016b) projected the live image from the microscope with a digital projector on a digitizer 

board for drawing.

4. Concluding remarks

4.1 Mounting medium and coverslip seal: durability versus reversibility

Each mounting medium has its advantages and disadvantages concerning handling, microscope investigation, 

long-time conservation properties, and reversibility of the mount (Tabs 6, 13). The latter two criteria seem to be the 

most important to evaluate mounting media of microscope slides deposited in museum collections. Although 

mounting media and coverslip seals reveal different chemical ingredients, all of them except glycerol are composed 

of at least one polymer and at least one solvent. From conservation studies, it seems unlikely that a polymer can 

combine durability with reversibility. Polymers are linear, branched, or cross-linked. Only linear, branched, and 

slightly cross-linked polymers are expected to be soluble in hydrocarbons and, therefore, will lead to reversible 

mounts (Baker 1995, pp. 306–307; Mills & White 1999, p. 130; Horie 2011, p. 105). A polymer will become more 
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durable if extensive cross-linking occurs within the polymer. However, it must be kept in mind that a polymer 

cannot be dissolved by solvents or mild heat again once the polymer has undergone extensive cross-linking; such a 

polymer has to be considered as irreversible (Mills & White 1999, p. 130; Horie 2011, pp. 105–106). Deterioration 

of resins with age certainly includes a complex pattern of chemical reactions including cleavage, “cross-linking, 

inter- and intramolecular cyclization reactions and defunctionalization by loss of acidic groups”, e.g., “in Manila 

copal and sandarac, the degree of cross-linking increases with age, but it is counterbalanced by the decrease in the 

molecular mass of polymeric material” (Scalarone et al. 2003b, p. 615).

Deterioration of polymers is mainly supposed to take place via chemical processes like oxidation leading to 

complex reaction patterns including cleavage of chains, isomerization, and cross-linking (e.g., Rie et al. 1988b; 

McNeill 1992; Scalarone et al. 2002, 2003a, 2003b, 2005; Colombini et al. 2003; Dietemann et al. 2009; Horie 

2011, pp. 38–43; Coelho et al. 2012). For picture varnishes, it is well known that the degradation of the polymer 

will lead to yellowing, cracking, change in solubility, and increased fluorescence (Feller 1971; Rie 1988b; 

Dietemann et al. 2009). Physical deterioration of polymers mainly used as picture varnishes results in cracking, 

shrinkage on drying or in loss of a plasticizer, flowing, and absorption of dirt (Horie 2011, pp. 43–44). For 

microscope slides, it has additionally been found that crystals and cavities may develop, ingredients may segregate, 

and coverslips may detach (Tabs 5, 6). Also, fixing, dehydrating, macerating, and clearing agents from previous 

steps of preparation may be dragged along into the mounting medium and cause degradation over time, e.g., 

crystals or black granules may form on a slide if the specimen has been fixed with a mercury compound (Gray 

1954, p. 255). The situation becomes more complex by the fact that usually not all slides prepared at a given time 

in the same way are impacted equally (Spence 1939; Bink 1979; Eastop 1985; Hooper 1986b; Noyes & Polaszek 

1989; Upton 1993). Based on our unpublished results (Julia Hidde, Thomas Schmid, Jens Riedel, Birger Neuhaus), 

we suspect that at least some synthetic resins applied for microscope slides suffer more from obvious physical 

changes like crystallization, formation of cavities, and segregation of components than from chemical changes.

No single reason can be held responsible for the deterioration of slides, numerous arguments have been put 

forward (comp. discussion above and Tab. 7; Upton 1993). However, any organic polymer will deteriorate over 

time because of exposure to oxygen, light, temperature changes, humidity, and volatile molecules from the 

environment (deterioration of cabinet, pollution, building, etc.) as well as because of the chemical composition of 

the polymer including impurities from manufacture (McNeill 1992; Davison 2003, p. 208; Dietemann et al. 2009). 

Deterioration occurs mainly via autoxidation by free radicals and via ionic reactions often mediated by acids and 

other catalysts (Mills & White 1999, p. 160). Acids may originate from macerating agents incompletely removed 

before mounting and from acids included in the mounting medium on purpose (see chapters 3.1.2 Chemical 

maceration and 3.7 Mounting media). Gum-chloral media may be more prone to deterioration than other mounting 

media based on natural resins, because the glycoproteins and the polysaccharide of the gum arabic seem to be less 

stable than the chemical ingredients of other natural resins (comp. Tab. 5). Environmental factors, and here 

particularly UV light, are thought to initiate autocatalytic autoxidation processes as oxidative radical chain 

reactions, which are well known for gum dammar and are very likely for other natural resins with abundant 

carbonyl groups (Rie 1988b). Consequently, compatibility and ageing tests have been suggested to establish in 

natural resins with hindered amine light stabilizers of high molecular weight, which do not evaporate readily (Rie 

1988a). Exposure to sunlight during harvesting of gum mastic has been assumed to start autoxidative processes, 

and autoxidation took place to a considerable degree both in resin stored in the dark and exposed to light 

(Dietemann et al. 2001). However, a later study indicates (1) that autoxidation is not started by light but 

presumably by atmospheric compounds like SO
2
 and NO

2
 and (2) that the polymer fraction of the resin harvested in 

daylight, which is missing in resin harvested in the dark, acts as a natural radical scavenger (Dietemann et al.

2009). This also means that the light stabilizers suggested by Rie (1988a) will probably not stop autoxidative 

processes but merely slow them down.

The complete list of chemical ingredients is unknown for any mounting medium and coverslip seal. The 

chemical composition also varies with manufacturer and time. For these reasons, the Committee on Histological 

Mounting Media suggested that the manufacturer should provide detailed information of the chemical and physical 

properties of their mounting media (Lillie et al. 1953, p. 72). Most mounting media and coverslip seals listed in 

Tables 5 and 8 do not seem to have been checked for reversibility by restorative activities. These aspects do not 

currently allow a fully objective evaluation of mounting media and coverslip seals. However, some conclusions can 

still be drawn from the data gathered together in this paper:
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(1) For some coverslip seals like Araldite, asphaltum, Murrayite, nail varnish, and silicone rubber (Tab. 9) as 

well as for a range of mounting media like Aquatex®, Bio-Plastic®, Caedax, Clarite, Clarite X, CMCP-9, CMCP-

10, DePeX/ DPX, dimethyl hydantoin formaledehyde (DMHF), Entellan® new, Eukitt™, Fluoromount G™, 

glycerol-gelatin (Kaiser’s; Zirkle’s acetocarmin), all gum-chloral media, Permount™, Polylite®, polyvinyl 

lactophenol, Polyviol, Technovit® 7100, Venetian turpentine medium after Wilson, and Water-glass-glycerol, 

deterioration processes within a few months or years after mounting are well documented, namely frequent 

formation of cavities and crystals and segregation of components (Tab. 6). Restoration by soaking is not known for 

most of these mounting media or not totally successful for CMC-10 and Permount™ (see chapter 3.10 Restoration 

procedures). None of the media listed above can be recommended for mounting biological specimens at all, 

because extra curation time is required for monitoring slides and for restoration efforts, which inherently bear the 

risk of damaging or losing a specimen. Also, restoration has to be executed before crystals destroy a specimen.

(2) For many coverslip seals like Corseal and mounting media like cellulose caprate, C-M Medium, CMC-9, 

CMC-10, Loctite® UV 357, Malinol, and Visikol™, little or no information is available about their principal 

ingredients, longevity and reversibility (see also chapter 2. Material and methods for additional media; Tabs 6, 9). 

In the case of Loctite® UV 357, it turns out that even the manufacturer cannot provide information about major 

ingredients 25 years after its last documented application in medical histology. Such media should be avoided until 

more rigorous tests have proven their suitability for long-time storage in museum collections.

(3) Macerating agents in media like CMC(P)-9, CMC(P)-10, dimethyl hydantoin formaldehyde, glycerol-

gelatin (Zirkle’s acetocarmin), all gum-chloral media, lactophenol gel, polyvinyl lactophenol, Polyviol, Venetian 

turpentine medium after Wilson, and Visikol™ continue to destroy a specimen chemically. Therefore, these media 

do not represent recommendable mounting media for the long-time storage of valuable biological specimens.

(4) With regard to longevity, a medium containing a plasticizer such as Araldite, Caedax, Caedax A, Caedax 

547, cellulose caprate, Clarite, Clarite X, DPX/DePeX, nail varnish, Naphrax™, and Rhenohistol cannot be 

regarded as suitable for microscope slides in museum collections, because plasticizers are known to migrate out of 

polymers over time (Tabs 5, 7, 10).

(5) Polymer chains of media like epoxy resins and polyesters may cross-link with each other and for this 

reason cannot be dissolved by solvents again, so mounts with these media are not reversible (Witte 1983; Horie 

2011, p. 17). Consequently, such media can be recommended as mounting media and coverslip seals only with 

some reservation. Reversibility of restoration activities has been recognized as an important prerequisite in art 

conservation for a long time (Shashoua 2008; Horie 1983, 2011) but neglected in microscope slide preservation.

(6) There is no optimal medium covering all aspects, but neutral Canada balsam with a reported life time of 

over 150 years and Euparal with a reported life time of at least 50 years seem to unite most good qualities and 

especially the long-time stability (Tabs 6, 14; Brown 1997). Some of the drawbacks of these media seem to be 

related to unfavorable combinations with clearing agents like phenol (Tab. 6). For histological sections stained with 

acidic stains, an alternative to Canada balsam does not seem to exist in terms of long-time storage. For alkaline 

stains, only Euparal seems to be recommendable because of the acidity of Canada balsam. The long-time stability 

of neutral Canada balsam and Euparal may not come as a surprise, because both media consist of natural resins like 

amber, and the latter survives millions of years under proper conditions.

(7) For total mounts where Canada balsam and Euparal would mask characters or make specimens brittle 

because of the dehydration required, the double-coverslip glycerol mount with Canada balsam or Euparal and 

the glycerol-paraffin mount with a proper coverslip seal do not form cavities and crystals and can be re-mounted 

with less effort than other mounting media and so fulfill the criterion of reversibility. Therefore, these techniques 

seem to represent a good option for total mounts despite the need of horizontal storage (generally recommended for 

microscope slide anyway) and of more regular control (Tabs 6, 9, 14).

(8) The evaluation of mounting media for museum collections in this paper pays little attention to the refractive 

index of the media, because different preparations of different taxa benefit from different refractive indices of the 

mounting media. However, phase contrast, differential interference contrast, and software emulating different 

contrast techniques may partly overcome this problem (see chapter 3.12.3 Microscope equipment).

(9) Glyceel and possibly Glyptal seem to represent a permanent-elastic seal for the coverslip in order to 

stabilize the mount mechanically and to limit exchange of water between mount and environment. Alternatively, 

the double-coverslip technique with Canada balsam or Euparal may be applied (Tabs 9, 14).
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TABLE 16. Recommendations for microscope slide collections and their study.

Topic Recommendation

Initial treatment of 

specimens

fixation in formaldehyde for at least 1 week or in glutardialdehyde for morphological studies, ethanol 

conservation may be sufficient for studies of cuticle only

complete removal of macerating agents by repeated washing and/or neutralization

Storage collection room at consistent temperature of about 18°C and about 60% relative humidity

cabinet protecting efficiently against light and dust

metal cabinet with stoved / baked enamel coating based on powdered paint electrostatically applied to the 

metal surface

wooden cabinets: check for volatile acids with the help of Oddy test, improvement of ventilation of 

collection room, and usage of gas sorbents in the cabinet (activated charcoal, with or without molecular 

sieve)

horizontal storage of slides in order to keep loose labels and coverslips as well as liquid-mounted 

specimens in position on slide

trays made of (anodized) aluminum, steel with stoved / baked enamel coating based on powdered paint, 

or archive-quality cardboard

only one specimen mounted per slide

Collection management review of slides by profiling every 10−15 years, control of specimens mounted in liquid media every 5 

years

material given on loan to other scientists may exclusively be mounted in long-lasting or reversible media 

but not on plastic strips as is or has been common practice in entomological collections

detailed documentation of preparation technique for each slide in catalogue / database 

cleaning of slides with the help of absorbent purified cotton wool (e.g., ophthalmic cotton wool = 

Augenwatte from Kerma), skewer, and distilled water

Slide standard glass slide, hydrolytic class 3 soda-lime glass, cleaned, extra white, free of surface defects, 

inclusions, streaks, and bubbles, with ground edges

coverslip No. 1 (0.130−0.160 mm), hydrolytic class 1 borosilicate glass D 263™, extra white, highly 

transparent, colorless, free of blisters and flaws

for double-coverslip mounts (study of specimen also from reverse side): Cobb aluminum slide

permanent and clear identification by scratched-in catalogue number on slide (with diamond-tipped or 

tungsten carbide-tipped engraving scribe, electrical engraving tool)

mounting medium: long-lasting (Canada balsam, Euparal) or reversible (double-coverslip glycerol mount 

with Canada balsam or Euparal; glycerol-paraffin mount)

coverslip seal: Glyceel, possibly Glyptal, double-coverslip technique with Canada balsam or Euparal

Label data in natural language, no codes, no abbreviations

archive-quality paper according to DIN/ISO 9706

labels printed with laser printer (heat treatment if necessary) / light- and ethanol-proof pigment ink (e.g., 

Edding profipen 1800, Faber-Castell ecco pigment, Higgins T-100, Hunt speedball super black ink, 

Pelikan 17 black, Pelikan 50 special black, Rotring 17 black)

label glued with archive-quality, water-removable adhesive (e.g., Klucel G®)

Study of slides condenser adjusting according to Köhler illumination after each change of objective

long-distance lens (LD lens) for study of inverted glass slide

additional magnification module above objective or 16x-oculars facilitating concentration of observation 

on important details without being distracted by information from surrounding tissue

oil immersion / multi-immersion objective for highest resolution and immersion condenser (nA = 1.4)

clean optical surfaces with rubber blower ball, use absorbent purified cotton wool (e.g., opthalmic cotton 

= Augenwatte from Kerma) rolled around skewer with distilled water subsequently, apply analytical 

grade 85% n-hexane and 15% isopropyl alcohol for more resistant dirt

documentation of new species by light micrographs and illustrations in original publication as extensively 

as possible

Description of new 

species

digital inking of pencil drawing with Adobe Illustrator and digitizer board
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4.2 Future studies

Little is known about the long-time conservation properties and reversibility of many media except a few, inter 

alia, because the mounting medium is often mentioned neither on the slide nor in the publication. Also, not all 

components of the media are known because of proprietary manufacture and changes in recipes over time. The 

need for a long-lasting and/or reversible mounting medium for microscope slides is without an alternative 

considering the problems summarized above. However, this requirement leads to a dilemma well expressed by 

Criado-Fornelio et al. (2014, p. 147) “Brown (1997) pointed out that a conservative approach should be envisaged 

by museum curators, employing always traditional permanent mounting media for preservation. Notwithstanding, 

such idea should not apply to research institutions. Indeed if no new preservation procedures are developed, the 

major drawback in current protozoological techniques shall never be evaded.” The main problem in our opinion is 

that scientists suggesting a “better” or “alternative” mounting medium usually do not and cannot base their 

recommendations on long-time observations, experience is usually limited to a few months, a year, and sometimes 

several years—this is close to nothing in comparison with the time horizon for the storage of type and voucher 

material in museum collections. Even a “hundred year permanence” (Thatcher 1987) may not satisfy the needs of 

museum collections. Therefore, we support the suggestion of the Conservation and Preservation of Natural Science 

Collections Project of the National Institute for the Conservation of Cultural Property, USA that biologists should 

cooperate with researchers from materials sciences (Duckworth et al. 1993) and concentrate their efforts on 

understanding the chemical and physical properties of the ingredients of mounting media and coverslip seals as 

well as their interaction with the glass surfaces and the specimen. A comparison of the aged resins of amber and of 

those used in art and to preserve mummies centuries and millennia ago (Mills & White 1977, 1999; Daher et al.

2010; Edwards 2005; Edwards & Ali 2011) with the ageing of mounting media composed of natural resins may 

help to understand deterioration of such mounting media. In addition, we strongly encourage scientists to undertake 

rigorous accelerated ageing studies of a new medium before recommending it as “permanent”. As long as such 

examinations are missing, we completely agree with Brown (1997) who proposed applying only those media that 

are known to be more durable or reversible (see previous chapter).

Non-destructive methods from materials sciences for the recognition of a mounting medium have not been 

applied to biological and geological slide preparations except in three cases (Garner & Horie 1984; Valentine-Baars 

& Kerbey 2014; Schmid et al. 2016), but at least some Raman spectra of natural resins and of the mounting 

medium Entellan® new are  Available from: art, archaeological, and forensic sciences (Edwards et al. 1996; Daher 

et al. 2010; Yu & Sandercock 2012). In a first step to overcome the disappointing situation for microscope slides, a 

database of Raman spectra of the known chemical components of mounting media and coverslip seals as well as 

spectra of freshly made media has been started by our team (Schmid et al. 2016). These studies will be continued 

and complemented by investigations on accelerated ageing of model slides compared with “naturally aged” slides.

4.3 Outlook

There may not be final solutions to many problems concerning the preservation of natural history objects, but pros 

and cons must be discussed, and arguments have to be balanced against each other in every case. Deterioration of 

natural history objects is inevitable, but can be slowed down by choice of proper materials and methods or may be 

accelerated by applying improper materials and methods. The International Code of Zoological Nomenclature 

requests in its 4th edition that taxonomists store type material of new described species in publicly available 

collections in order to make such material accessible for future generation of scientists (Schauff 1985; ICZN 1999). 

However, microscope slides have been and still are made mainly under the aspect of getting a satisfying result for 

research within a short time. During the past decades it became obvious that many ways of making, preservation, 

and storage of microscope slides are more prone to deterioration than others, but still little is known about the 

chemical processes occurring during ageing of the media. Unfortunately, scientists continue to use problematic 

mounting media irrespective of well-known and extensively documented problems (Tab. 6, Tab. 7 for gum-chloral 

media; Upton 1993). The sometimes surprizing arguments (Tab. 7) may provide an idea about how long a 

fundamental change among biologists may take, and only few scientists seem to change their mind about which 

mounting medium to opt for (e.g., Wahl 1989). Choosing a longer-lasting or a reversible option will decrease the 
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amount of work and time that has and will have to be devoted to such collections now and in the future (Brown 

1997, pp. 10–11) or to quote Upton (1993, p. 273): “Workers who feel that mounting specimens in genuine 

permanent mountants is too time consuming can be assured that the time required to retrieve and remount their 

specimens (if indeed this is possible) will far exceed that of using a permanent, resin-type mountant such as 

Euparal in the first instance.” Therefore, transfer of ethical standards and of technology from conservation science 

is badly needed to understand and hopefully to overcome limitations of current mounting media. In the long run, 

recipes of mounting media and coverslip seals recommendable for taxonomic purposes should be published and 

standardized, possibly in a European or even international standard, to ensure standardized media with known 

components (see also Lillie et al. 1953, pp. 71–73; Gill 2013, pp. 263–264). Manufacturers could refer to this 

standard in their advertising of certified media (Scott 1951). Similar ideas have been discussed and partly 

implemented for biological stains (Lyon 2000). This author also outlines the problems and drawbacks related to 

such an endeavour. At some stage, recommendable mounting media and coverslip seals may have to be patented 

for a foundation and controlled by it in order to keep the production of such a medium as cheap and as reliable as 

possible for the scientific community interested in taxonomic studies. A similar approach has been undertaken for 

ground glass stopper jars and for suggestions to stabilize the pH in fluid-preserved natural history collections 

(Clark 1995; Kotrba & Golbig 2009). It may also be considered to require mounting taxonomically important 

specimens in proven and certified permanent or reversible media by the International Code of Zoological 

Nomenclature at some stage.

Ignorance of the problems with mounting media and coverslip seals of microscope slides will pave the 

highway to hell—for future scientists in need to study slides deposited in museum collections and for museum staff 

being obliged to make the stored material available to scientists and keep it functioning (Schauff 1985; ICZN 

1999). A number of slide collections have already been lost or are close to being lost (Schauff 1985; Sterrenburg 

1990; Upton 1993; Brown 1997; Jersabek 2005; Jersabek et al. 2010; Lillo et al. 2010; Neuhaus pers. obs.). For 

sure, these few reports represent just the tip of the iceberg, because no natural history museum wants to admit 

publicly that it is not capable of maintaining its deteriorating collections because of lack of staff and funding. It 

must be clearly stated, that any kind of biological specimens requires a minimum amount of caretaking over the 

years in order to just maintain the current status (Sterrenburg 1990; Brown 1997; Cushing 2011). Museums of 

natural history would be badly advised to cut down scientific and technical staff below this minimum, because this 

would also drastically limit options for future generations.

Acknowledgements

For help with obtaining literature as well as with slide restoration Ulrich Raake, Martina Rissberger, Antje 

Schwiering, and Kristine Kämpf, all Museum für Naturkunde Berlin, Drs J. W. Amrine Jr., West Virginia 

University, Tor A. Bakke, University of Oslo, Kai George, Senckenberg am Meer Wilhelmshaven, Pat Hutchings, 

Australian Museum, Sydney, and Christian Jersabek, University of Salzburg, as well as Mike Samworth, The 

Postal Microscopical Society, Great Britain, and Carsten Neuhaus, Lübeck, are greatly acknowledged. The senior 

author greatly appreciates information, loans, and reading the manuscript by as well as discussions with Peter 

Höbel, Erlangen, Bernd Jäger, Peter Schönefeld, Anke Sänger, Drs Charles Oliver Coleman, Jürgen Deckert, Jason 

Dunlop, Carsten Lüter, Christian Neumann, and Hiroshi Yamasaki, all Museum für Naturkunde Berlin, James 

Amrine, West Virginia University, Morgantown, Axel Christian, Senckenberg Museum für Naturkunde Görlitz, 

Martin Lödl, Naturhistorisches Museum, Vienna, Martin V. Sørensen, Natural History Museum of Denmark, 

Copenhagen, Ronald Vonk, Naturalis Biodiversity Center, Leiden, as well as with Olaf Michalski, Leica 

Microsystems GmbH, Matthias Wilke, Nikon GmbH, Dr Svenja Kunerth, Olympus Deutschland GmbH, Thomas 

Betz, Henry Wahl, and Dr Michael Zölffel, all Carl Zeiss Microscopy GmbH. We are very grateful for the inspiring 

answers of Drs Nigel Bell, Ruakura Research Centre, Hamilton, Steve Halford, Simon Fraser University, Burnaby, 

Zafar Ahmad Handoo, USDA, ARS, Beltsville, Dietrich von Knorre, Phyletisches Museum Jena, Stefan 

Könemann, Montessori Bildungshaus Hannover, Luis C. Muniz, FIOCRUZ, Rio de Janeiro, Matthias Nuss, 

Staatliches Museum für Tierkunde, Dresden, Mary E. Petersen, Zoological Museum Copenhagen, Peter Schuchert, 

Museum of Natural History, Geneva, Grover C. Smart, and Richard Zander, Missouri Botanical Garden, St. Louis, 

to the senior author’s questions about deteriorating slides on the Taxacom Biological Systematics Discussion List 
NEUHAUS ET AL.150  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press



listserv many years ago. Two anonymous reviewers are acknowledged for their helpful comments. We benefitted 

from discussions with Julia Hidde and Robert Jungnickel, Federal Institute for Materials Research and Testing, 

Berlin. Kathryn Ahlfeld, Cheryl Bright, and Dr Jon Norenburg, National Museum of Natural History, Washington, 

D.C., Smithsonian Institution, are most gratefully acknowledged for the loan of Kinorhyncha and for providing 

images and literature.

References

Abu-Gharbieh, W.I. & Smart, G.C. (1969) A polyethylene bottle applicator for sealing microscope coverglasses with a slide 
ringing compound. Nematologica, 15, 615–618.
https://doi.org/10.1163/187529269x00948

Acker, F., Russel, B. & Morales, E. (2002) Protocol P-13–49. Preparation of diatom slides using Naphrax™ mounting medium. 
In: Charles, D.F., Knowles, C. & Davies, R.S. (Eds.), Protocols for the analysis of algal samples collected as part of the 
U.S. Geological Survey National Water-Quality Assessment Program, Report No. 02–06. The Academy of Natural 
Sciences, Patrick Center for Environmental Research, Phycology Section Philadelphia, PA, pp. 41–53.

Adam, H. & Czihak, G. (1964) Arbeitsmethoden der makroskopischen und mikroskopischen Anatomie. Gustav Fischer Verlag, 
Stuttgart, 583 pp.

Adams, P.B. (1984) Glass corrosion. A record of the past? A predictor of the future? Journal of Non-Crystalline Solids, 67, 
193–205.

Adrain, T.S., Lewis, D.N. & Horton, M.M. (2006) Improving curation standards in paleontology collections through the 
application of “McGinley levels”. Collection Forum, 21, 19–32.

Ahn, K., Rosenau, T. & Potthast, A. (2013) The influence of alkaline reserve on the aging behavior of book papers. Cellulose, 
20, 1989–2002.
https://doi.org/10.1007/s10570-013-9978-3

Al-azzawi, S.S.M. (2013) Effect of green colour on glass quality. Iraqi Journal of Physics, 11, 116–119.
Allington, L. & Sherlock, E. (2007a) Choosing a microscope slide sealant: A review of aging characteristics and the 

development of a new test, using low oxygen environments. NatSCA News, 12, 4–14.
Allington, L. & Sherlock, E. (2007b) Addendum. NatSCA News, 13, 11–13.
Allington-Jones, L. (2008) A new method for the restoration of palaeontological specimens mounted in Canada balsam. 

NatSCA News, 14, 28–32.
Amann, J. (1896) Conservirungsflüssigkeiten und Einschlussmedien für Moose, Chloro- und Cyanophyceen. Zeitschrift für 

Wissenschaftliche Mikroskopie und für Mikroskopische Technik, 13, 18–21.
Amrine, J.W. & Manson, D.C.M. (1996) 1.6.3 Preparation, mounting and descriptive study of eryphoid mites. In: Lindquist, 

E.E., Sabelis, M.W. & Briun, J. (Eds.), Eryphoid mites—their biology, natural enemies and control. Elsevier Science B.V., 
Amsterdam, pp. 383–396.

Ang, Y., Puniamoorthy, J., Pont, A.C., Bartak, M., Blanckenhorn, W.U., Eberhard, W.G., Puniamoorthy, N., Silva, V.C., 
Munari, L. & Meier, R. (2013) A plea for digital reference collections and other science-based digitization initiatives in 
taxonomy: Sepsidnet as exemplar. Systematic Entomology, 38, 637–644.
https://doi.org/10.1111/syen.12015

Anonymous (1941) Thin glass for microscope cover-slips. Nature, 147, 803–804.
https://doi.org/10.1038/147803d0

Anonymous (1960) Phasenkontrastmikroskopie. Zeiss Duckschrift, 40/160 d, 30 pp. + inlay. [Zölffel pers. com.]
Anonymous (2016) Europäisches Arzneibuch, 8th edition, Grundwerk 2014 inkl. 1. bis 7. Nachtrag. Deutscher Apotheker 

Verlag, Stuttgart, pp. 5211–5214.
Ant, H. (1957) Celodal als Einschlußmittel in der Mikroskopie. Mikrokosmos, 46, 188–191.
Ant, H. (1959) Die Verwendung von Eukitt zur Herstellung von mikroskopischen Dauerpräparaten. Mikrokosmos, 48, 253–255.
Aumonier, F.J. & Setterington, R. (1967) Some notes on mounting of histological sections. Proceedings of the Royal 

Microscopical Society, 2, 428429.
Ayensu, E.S. (1967) Aerosol ot solution—an effective softener of herbarium specimens for anatomical study. Stain Technology, 

42, 155–156.
https://doi.org/10.3109/10520296709115000

Baker, M.T. (1995) Synthetic polymers. In: Rose, C.L., Hawks, A.A. & Genoways, H.H. (Eds.), Storage of natural history 
collections: A preventive approach. Vol. 1. York Graphics, York, pp. 305–323.

Baker, D.S. & Morse, C.A. (2001) Disaster recovery in the herbarium. Collection Forum, 15, 25–35.
Bameul, F. (1990) Le DMHF: un excellent milieu de montage en entomologie. L'Entomologiste, 46, 233–239.
Banks, H.J. & Williams, D.J. (1972) Use of the surfactant, Decon 90, in the preparation of coccids and other insects for 

microscopy. Journal of the Australian Entomological Society, 11, 347–348.
https://doi.org/10.1111/j.1440-6055.1972.tb01639.x

Barbosa, P. (1974) Manual of basic techniques in insect histology. Autumn Publishers, Amherst, Massachusetts, 245 pp.
 Zootaxa 4321 (1)  © 2017 Magnolia Press  ·  151COLLECTION MANAGEMENT OF SLIDES



https://doi.org/10.1093/besa/21.1.12
Barghoorn, E.S. (1947) Use of phenol formaldehyde and vinyl resins in sealing liquid mounting media on microscope slides. 

Science, 26, 299–300.
https://doi.org/10.1126/science.106.2752.299

Barone-Nugent, E.D., Barty, A. & Nugent, K.A. (2002) Quantitative phase-amplitude microscopy I: Optical microscopy. 
Journal of Microscopy, 206, 194–203.
https://doi.org/10.1046/j.1365-2818.2002.01027.x

Barr, W.T. (1970) Effects of sunlight on stained sections mounted in various media. Stain Technology, 45, 9–14.
https://doi.org/10.3109/10520297009063375

Barr, D. (1973) Methods for the collection, preservation, and study of water mites (Acari: Parasitengona). Life Science 
Miscellaneous Publications, Royal Ontario Museum, Toronto, Ontario, 28 pp.

Bartsch, I. (1988) 44. Halacaroidea. In: Higgins, R.P. & Thiel, H. (Eds.), An introduction to the study of meiofauna. 
Smithsonian Institution Press, Washington, pp. 417–422.

Bassett, D.L. (1941) Preparing permanent deep chamber mounts of variable dimensions. Stain Technology, 16, 165–168.
https://doi.org/10.3109/10520294109107301

Bates, J.W. (1997) The slide-sealing compound “glyceel”. Journal of Nematology, 29, 565–566.
Baty, J.W., Maitland, C.L., Minter, W., Hubbe, M.A. & Jordan-Mowery, S.K. (2010) Deacidification for the conservation and 

preservation of paper-based works: A review. BioResources, 5, 1955–2023.
Beccaloni, J. (2001) A comparison of trisodium phosphate and Decon 90 as rehydrating agents for Arachnida and Myriapoda 

dry specimens. The Biology Curator, 22, 15–23.
Beccaloni, J. (2012) A preliminary comparison of trisodium phosphate with Agepon and Decon 90 as wetting agents to hydrate 

dried Arachnida and Myriapoda specimens. NatSCA News, 22, 71–79.
Beck, E. (1959) Beobachtungs- und Einschlußmittel für Diatomeen. Mikrokosmos, 48, 376–383.
Beck, E. (1963) Der Einschluß in Glyceringelatine. Mikrokosmos, 52, 21–23.
Becker, D.A. & Heard, R.G. (1965) A permanent fixative-stain-mountant for microscopic monogenetic trematodes and minute 

nematodes. Turtox News, 43, 234–235.
Beckett, D.C. & Lewis, P.A. (1982) An efficient procedure for slide mounting of larval chironomids. Transactions of the 

American Microscopical Society, 101, 96–99.
https://doi.org/10.2307/3225575

Beer, R.E. (1954) A revision of the Tarsonemidae of the Western hemisphere (order Acarina). The University of Kansas Science 
Bulletin, 36, 1091–1387.

Behrens, W. (1892) Tabellen zum Gebrauch bei mikroskopischen Arbeiten. 2nd Edition. Verlag Harald Bruhn, Braunschweig, 
205 pp.
https://doi.org/10.5962/bhl.title.33513

Bender, F. (1967) Canada balsam. Its preparation and uses. Forestry Branch, Departmental Publications, 1182, 1–7.
Bennett, H.S. & Albro, P.W. (1973) PCBs in microscope immersion oil. Science, 181, 990.

https://doi.org/10.1126/science.181.4104.990
Berg, K.J. van den, Horst, J. van der, Boon, J.J. & Sudmeijer, O.O. (1998) Cis-1,4-poly-β-myrcene; the structure of the 

polymeric fraction of mastic resin (Pistacia lentiscus L.) elucidated. Tetrahedron Letters, 39, 2645–2648.
https://doi.org/10.1016/s0040-4039(98)00228-7

Berland, B. (1984) Basic techniques involved in helminth preservation. Systematic Parasitology, 6, 242–245.
https://doi.org/10.1007/bf00012195

Berlin, O.G. & Miller, M.J. (1980) Euparal as permanent mounting medium for helminth eggs and proglottids. Journal of 
Clinical Microbiology, 12, 700–703.

Besuchet, C. (1974) 24. Familie: Pselaphidae. In: Freude, H., Harde, K.W. & Lohse, G.A. (Eds.), Die Käfer Mitteleuropas,
Band 5 Staphylinidae II (Hypocyphtinae und Aleocharinae) Pselaphidae. Goecke und Evers, Krefeld, pp. 305–362.

Bink, F.A. (1979) Methods for mounting Aleyrodidae specimens. Entomologische Berichten, 39, 158–160.
Bisulca, C., Nascimbene, P.C., Elkin, L. & Grimaldi, D.A. (2012) Variation in the deterioration of fossil resins and implications 

for the conservation of fossils in amber. American Museum Novitates, 3734, 1–19.
https://doi.org/10.1206/3734.2

Blackshaw, S.M. & Ward, S.E. (1982) Simple tests for assessing materials for use in conservation. In: Tate, J.O., Tennant, N.H. 
& Townsend, J.H. (Eds.), The proceedings of the symposium “Resins in conservation” held at the University of Edinburgh.
21–22 May 1982, Edinburgh, pp. 1–15 (2-1-2-15).

Blagoderov, V., Kitching, I.J., Livermore, L., Simonsen, T.J. & Smith, V.S. (2012) No specimen left behind: industrial scale 
digitization of natural history collections. ZooKeys, 209, 133–146.
https://doi.org/10.3897/zookeys.209.3178

Blank, S. (1990) An introduction to plastics and rubbers in collections. Studies in Conservation, 35, 53–63.
https://doi.org/10.2307/1506193

Blum, F. (1893) Das Formaldehyd als Härtungsmittel. Vorläufige Mittheilung. Zeitschrift für wissenschaftliche Mikroskopie 
und für mikroskopische Technik, 10, 314–315.

Böck, P. (1989) Romeis Mikroskopische Technik. 17th Edition. Urban and Schwarzenberg, Munich, 897 pp.
NEUHAUS ET AL.152  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press

https://doi.org/10.1016/s0040-4039(98)00228-7


Boparai, J.S. & Chhabra, H.K. (1968) Araldite, a suitable ringing material for preparing nematological slides. The Journal of 
Research Punjab Agricultural University, 5, 70–71. [cited from Hooper 1986a]

Bracegirdle, B. (1978) A history of microtechnique. Cornell University Press, Ithaca, 359 pp.
Bracey, R.J. (1931) III.—A universal tube-length corrector. Journal of the Royal Microscopical Society, 51, 20–23.
Bracher, F., Heisig, P., Langguth, P., Mutschler, E., Rücker, G., Schirmeister, T., Scriba, G., Stahl-Biskup, E. & Troschütz, R. 

(2016a) Arzneibuch-Kommentar. Gesamtwerk einschließlich 54. Aktualisierungslieferung 2016, Chapter 5.0/0034 
Verbandwatte aus Viskose Lanugo cellulosi absorbens. Wissenschaftliche Verlagsgesellschaft, Stuttgart, 5 pp.

Bracher, F., Heisig, P., Langguth, P., Mutschler, E., Rücker, G., Schirmeister, T., Scriba, G., Stahl-Biskup, E. & Troschütz, R. 
(2016b) Arzneibuch-Kommentar. Gesamtwerk einschließlich 54. Aktualisierungslieferung 2016, Chapter 5.0/0036 
Verbandwatte aus Baumwolle Lanugo gossypii absorbens. Wissenschaftliche Verlagsgesellschaft, Stuttgar, 3 pp.

Bradbury, S. & Evenett, P.J. (1996) Contrast techniques in light microscopy. Royal Microscopical Society Handbook No. 34. 
Bios Scientific Publishers, Oxford, 118 pp.

Brandham, P.E. (1970) Techniques for the rapid preparation of permanent slides of microscopic algae. British Phycological 
Journal, 5, 47–50.
https://doi.org/10.1080/00071617000650061

Bretfeld, G. (1991) A preparation method for Symphypleona (Insecta, Collembola) with some comments on the history of this 
method. Revue d'Écologie et de Biologie du Sol, 28, 217–219.

Brigger, A.L. (1960) A mounting medium for diatoms. Journal of the Quekett Microscopy Club, 5, 275–277.
Brink, A.S. (1957) On the use of glyptal in palaeontology. Palaeontologia Africana, 4, 124–130
Brown, G.G. (1983) Salvaging sections from broken slides: some modifications to the DIATEX method and a new use for the 

technicon sectioning aid kit. Technicon Histology Quarterly, 2, 1–3.
Brown, G.G. & Tao, L.-C. (1992) Restoration of broken cytology slides and creation of multiple slides from a single smear 

preparation. Acta Cytologica, 36, 259–263.
Brown, H.J. (1951) Experiences in the use of polyvinyl alcohol as a mountant. The Microscope. The British Journal of 

Microscopy and Photomicroscopy. The Entomological Monthly, 8, 263–265.
Brown, P.A. (1997) A review of techniques used in the preparation, curation and conservation of microscope slides at the 

Natural History Museum, London. The Biology Curator, 10 (Supplement), 1–33.
Brown, P.A. (1998) Microscope slide collection storage, the horizontal or the vertical? How should slide collections be housed? 

Natural Sciences Conservation Group Newsletter, 9, 43–46.
Brown, P.A. & Boise, E. de (2005) Procedures for preparation and conservation of whole insect permanent microscope slide 

mounts within the Department of Entomology, The Natural History Museum, London. NatSCA News, 5, 25–30.
Brown, P.A. & Boise, E. de (2006) Procedures for the preparation of whole insects as permanent microscope slides and for the 

remounting of deteriorating aphid slides. NatSCA News, 8, 15–19.
Brunner, C.A. & Blueford, J.R. (1986) Restoration of radiolarian strewn slides made with Canada balsam. Micropaleontology, 

32, 43–45.
https://doi.org/10.2307/1485699

Buch, K., Penning, M., Wächtersbach, E., Maskos, M. & Langguth, P. (2009) Investigation of various shellac grades: 
Additional analysis for identity. Drug Development and Industrial Pharmacy, 35, 694–703.
https://doi.org/10.1080/03639040802563253

Buesa, R.J. (2008) Histology without formalin? Annals of Diagnostic Pathology, 12, 387–396.
Buesa, R.J. & Peshkov, M.V. (2009) Histology without xylene. Annals of Diagnostic Pathology, 13, 246–256.

https://doi.org/10.1016/j.anndiagpath.2008.12.005
Butler, R.W. & Klug, E.D. (1980) Hydroxypropylcellulose. In: Davidson, R.L. (Ed.), Handbook of water-soluble gums and 

resins. McGraw-Hill, New York, pp. 13.1–13.17.
Cappitelli, F., Zanardini, E. & Sorlini, C. (2004) The biodeterioration of synthetic resins used in conservation. Macromolecular 

Bioscience, 4, 399–406.
https://doi.org/10.1002/mabi.200300055

Carter, J. (1998) The Jefferson collection of invertebrate animals: A zoological conservation project. The Conservator, 22, 36–
43.
https://doi.org/10.1080/01410096.1998.9995125

Caveness, F.E. (1969) Silicone rubber for ringing cover glasses. Journal of Nematology, 1, 96.
Chetverikov, P.E. (2012) Confocal laser scanning microscopy technique for the study of internal genitalia and external 

morphology of eryphoid mites (Acari: Eryphoidea). Zootaxa, 3453, 56–68.
Chetverikov, P.E. (2016a) New species and records of phytoptid mites (Acari: Eriophyoidea: Phytoptidae) on sedges 

(Cyperaceae) from the Russian Far East. Zootaxa, 4061, 367–380.
https://doi.org/10.11646/zootaxa.4061.4.3

Chetverikov, P.E. (2016b) Video projector: a digital replacement for camera Lucida for drawing mites and other microscopic 
objects. Systematic and Applied Acarology, 21, 1278–1280.

Chetverikov, P.E., Hörweg, C., Kozlov, M.I. & Amrine, J.W. (2016) Reconditioning of the Nalepa collection of eriophyoid 
mites (Acariformes, Eriophyoidea). Systematics and Applied Acarology, 21, 583–595.
https://doi.org/10.11158/saa.21.5.3
 Zootaxa 4321 (1)  © 2017 Magnolia Press  ·  153COLLECTION MANAGEMENT OF SLIDES



Clark, P.A. (1995) Ground glass stoppered jars for fluid collections. In: Rose, C L. & Torres, A.R. de (Eds.), Storage of natural 
history collections: Ideas and practical solutions. York Graphics, York, PA, pp. 221–223.

Clark, E.W. & Morishita, F. (1950) C-M medium: A mounting medium for small insects, mites, and other whole mounts. 
Science, 112, 789–790.
https://doi.org/10.1126/science.112.2922.789

Clarke, J.F.G. (1941) The preparation of slides of the genitalia of Lepidoptera. Bulletin of the Brooklyn Entomological Society, 
36, 149–161.

Clifford, C.M. & Lewers, D.T. (1960) A rapid method for clearing and mounting the genitalia of female ixodid ticks. Journal of 
Parasitology, 46, 802.
https://doi.org/10.2307/3275538

Cobb, N.A. (1917) Notes on nemas. Contributions to a Science of Nematology, 5, 117–128.
Cody, S.H., Xiang, S.D., Layton, M.J., Handman, E., Lam, M.H.C., Layton, J.E., Nice, E.C. & Heath, J.K. (2005) A simple 

method allowing DIC imaging in conjunction with confocal microscopy. Journal of Microscopy, 217, 265–274.
https://doi.org/10.1111/j.1365-2818.2005.01452.x

Coelho, C., Nanabala, R., Ménager, M. & Commereuc, S. (2012) Molecular changes during natural biopolymer ageing—The 
case of shellac. Polymer Degradation and Stability, 97, 936–940.
https://doi.org/10.1016/j.polymdegradstab.2012.03.024

Coleman, C.O. (2003) “Digital inking”: How to make perfect line drawings on computers. Organisms, Diversity and Evolution, 
3 (Electronic Supplement 14), 1–14.

Coleman, C.O. (2006) Substituting time-consuming pencil drawings in arthropod taxonomy using stacks of digital 
photographs. Zootaxa, 1360, 61–68.

Coleman, C.O. (2009) Drawing setae the digital way. Zoosystematics and Evolution, 85, 305–310.
https://doi.org/10.1002/zoos.200900008

Colombini, M.P., Bonaduce, I. & Gautier, I. (2003) Molecular pattern recognition of fresh and aged shellac. Chromatographia, 
58, 357–364.

Comyn, J. (1986–reprint from 1985) Polymer permeability. Elsevier Applied Science Publishers, London, 383 pp.
Conzone, S.D. & Pantano, C.G. (2004) Glass slides to DNA microarrays. Materialstoday, 7, 20–26.

https://doi.org/10.1016/s1369-7021(04)00122-1
Cordero, I. (2013) Fungus: How to prevent growth and remove it from optical components. Community Eye Health, 26, 83, 57.
Coughlin, M. (2011) Monitoring acidic off-gassing of plastics. Conserve O Gram, 8, 5, 1–5.
Courtney, W.D. (1936) Metal slide mounts for microscopical objects. Proceedings of the Helminthological Society of 

Washington, 3, 72–74.
Creaser, C.W. & Clench, W.J. (1923) The use of sodium silicate as a mounting medium. Transactions of the American 

Microscopical Society, 42, 69–71.
https://doi.org/10.2307/3221814

Criado-Fornelio, A., Heredero-Bermejo, I. & Pérez-Serrano, J. (2014) Alternative mounting media for preservation of some 
protozoa. Journal of Microbiology Methods, 105, 146–149.
https://doi.org/10.1016/j.mimet.2014.07.025

Crossmon, G.C. (1949) Mounting media for phase microscope specimens. Stain Technology, 24, 241–247.
https://doi.org/10.3109/10520294909139615

Crumpton, W.G. (1987) A simple and reliable method for making permanent mounts of phytoplankton for light and 
fluorescence microscopy. Limnology and Oceanography, 32, 1154–1159.
https://doi.org/10.4319/lo.1987.32.5.1154

Crumpton, W.G. & Wetzel, R.G. (1980) Novolacs: Synthetic resins suitable for mounting biological materials. Transactions of 
the American Microscopical Society, 99, 347–348.
https://doi.org/10.2307/3226013

Crumpton, W.G. & Wetzel, R.G. (1981) A method for preparing permanent mounts of phytoplankton for critical microscopy 
and cell counting. Limnology and Oceanography, 26, 976–980.

Cunningham, J.L. (1969) Rapid alkaline rehydration of dried plant tissues for histologic studies. Stain Technology, 44, 243–
246.
https://doi.org/10.3109/10520296909063359

Cunningham, J.L. (1972) A miracle mounting fluid for permanent whole-mounts of microfungi. Mycologia, 64, 906–911.
https://doi.org/10.2307/3757946

Curl, C.L., Bellair, C.J., Harris, T., Allman, B.E., Harris, P.J., Stewart, A.G., Roberts, A., Nugent, K.A. & Delbridge, L.M.D. 
(2005) Refractive index measurement in viable cells using quantitative phase-amplitude microscopy and confocal 
microscopy. Cytometry, Part A (65A), 88–92.

Curran, J. & Hominick, W.M. (1980) Effect of mounting methods on taxonomic characters of adult male mermithids. 
Nematologica, 26, 455–466.

Cushing, E.J. (2011) Longevity of reference slides of pollen mounted in silicone oil. Review of Palaeobotany and Palynology, 
164, 121–131.
https://doi.org/10.1016/j.revpalbo.2010.12.001
NEUHAUS ET AL.154  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press

https://doi.org/10.1016/s1369-7021(04)00122-1


Czarnecki, D.B. & Harvey, D.W. (1972) A new mounting medium for diatoms. Transactions of the American Microscopical 
Society, 91, 73.
https://doi.org/10.2307/3224863

Daferera, D., Pappas, C., Tarantilis, P.A. & Polissiou, M. (2002) Quantitative analysis of α-pinene and β-myrcene in mastic 
gum oil using FT-Raman spectroscopy. Food Chemistry, 77, 511–515.
https://doi.org/10.1016/s0308-8146(01)00382-x

Daher, C., Paris, C., Le Hô, A.-S., Bellot-Gurlet, L. & Échard, J.-P. (2010) A joint use of Raman and infrared spectroscopies for 
the identification of natural organic media used in ancient varnishes. Journal of Raman Spectroscopy, 41, 1494–1499.
https://doi.org/10.1002/jrs.2693

Dahl, E. (1951) On the composition of “Viscol” and the employment of gum arabic for mounting media. Stain Technology, 26, 
97–101.
https://doi.org/10.3109/10520295109113188

Danielsson, R. (1985) Polyviol as mounting medium for aphids (Homoptera Aphidoidea) and other insects. Entomologica 
Scandinavica, 15, 383–385.

Danz, R., Vogelsang, A. & Käthner, R. (2004) PlasDIC—eine nützliche Modifikation des differentiellen Interferenzkontrastes 
nach Smith/Nomarski in Durchlicht-Anordnung. Photonik, 2014, 1, 42–45.

Davidson, A. & Brown, G.W. (2012) Paraloid™ B-72: Practical tips for the vertebrate fossil preparator. Collection Forum, 26, 
99–119.

Davies, F. (1940) Mounting media and the fading of histological preparations. Journal of Anatomy, 74, 464–470.
Davis, G.M. (1964) A rapid method for mounting larval trematodes. Turtox News, 42, 40–41.
Davison, S. (2003) Conservation and restoration of glass. 2nd Edition. Butterworth-Heinemann, Oxford, 380 pp.

https://doi.org/10.4324/9780080569314
Deligny, P. & Tuck, N. (2000) Chapter II. Alkid resins. In: Oldring, P.K.T. (Ed.), Resins for coatings. Vol. II. Alkyds and 

Polyesters. 2nd Edition. John Wiley and Sons, Chichester, pp. 31–100.
Denham, H.J., (1923) XVI.—On some mounting media for microscopic objects. Journal of the Royal Microscopical Society, 

43, 190–197.
Denton, J. (1987) Loctite UV 357 polymerised glass adhesive as a section mounting medium. Journal of Clinical Pathology, 

40, 584–585.
https://doi.org/10.1136/jcp.40.5.584

Deutsch, J.P. (1962) Ein neues Schnelleinschlußmittel für die histologische Technik: Entellan. Mikrokosmos, 51, 93–94.
Dewse, C.D. & Potter, C.G. (1975) Influence of light and mounting medium on the fading of Feulgen stain. Stain Technology, 

50, 301–306.
https://doi.org/10.3109/10520297509117079

Diederichs, K. (1932–1933) Silberimprägnierung von Knochen und Zähnen. Mikrokosmos, 26, 199–200.
Diehl, W.W. (1929) An improved method for sealing microscopic mounts. Science, 69, 276–277.

https://doi.org/10.1126/science.69.1784.276-a
Dietemann, P., Kälin, M., Sudano, C., Knochenmuss, R. & Zenobi, R. (2001) Influence of sunlight during harvest on the 

oxidation and yellowing of natural mastic resins used as varnishes on artwork. CHIMIA, 55, 972–980.
Dietemann, P., Higgitt, C., Kälin, M., Edelmann, M.J., Knochenmuss, R. & Zenobi, R. (2009) Aging and yellowing of 

triterpenoid resin varnishes—influence of aging conditions and resin composition. Journal of Cultural Heritage, 10, 30–
40.
https://doi.org/10.1016/j.culher.2008.04.007

Dirckx, J.J.J., Kuypers, L.C. & Decraemer, W.F. (2005) Refractive index of tissue measured with confocal microscopy. Journal 
of Biomedical Optics, 10, 1–8 (044014-1-044014-8).

Disney, R.H.L. (1989) Berlese or balsam? Antenna, 13, 48.
Disney, R.H.L. & Henshaw, D.H. de C. (1988) Berlese fluid for slide mounting insects. Antenna, 12, 106–107. 
Doetschman, W.H. (1944) Some suggestions in microtechnique particularly useful in micro-entomology and parasitology. 

Transactions of the American Microscopical Society, 63, 175–178.
https://doi.org/10.2307/3223160

Doncaster, C.C. (1962) Sealing microscopical water mounts with soft wax. Nematologica, 7, 258.
https://doi.org/10.1163/187529262x00279

Dornau, P., Russo, R.R. & Tieger, J. (1993) Liquid electrical tape formulation. US Patent 5,250,598. Available from: http://
www.google.com/patents/US5250598 (accessed 6 April 2016)

Down, J.L. (1984) The yellowing of epoxy resin adhesives: Report on natural dark aging. Studies in Conservation, 29, 63–76.
https://doi.org/10.2307/1506076

Down, J.L. (1986) The yellowing of epoxy resin adhesives: Report on high-intensity light aging. Studies in Conservation, 31, 
159–170.
https://doi.org/10.2307/1506247

Down, J.L. (2001) Review of CCI research on epoxy resin adhesives for glass conservation. Reviews in Conservation, 2, 39–
46.
https://doi.org/10.1179/sic.2001.46.2.39
 Zootaxa 4321 (1)  © 2017 Magnolia Press  ·  155COLLECTION MANAGEMENT OF SLIDES

https://doi.org/10.1016/s0308-8146(01)00382-x


Downs, W.G. (1943) Polyvinyl alcohol: a medium for mounting and clearing biological specimens. Science, 97, 539–540.
https://doi.org/10.1126/science.97.2528.539

Drewello, R. & Weissmann, R. (1997) Microbially influenced corrosion of glass. Applied Microbiology and Biotechnology, 47, 
337–346.
https://doi.org/10.1007/s002530050937

Dror, Y., Cohen, Y. & Yerushalmi-Rozen, R. (2006) Structure of gum arabic in aqueous solution. Jourrnal of Polymer Science,
Part B: Polymer Physics, 44, 3265–3271.
https://doi.org/10.1002/polb.20970

Duckworth, W.D., Genoways, H.H. & Rose, C.L. (1993) Preserving natural science collections : Chronicle of our 
environmental heritage. National Institute for the Conservation of Cultural Property Washington, D.C., 137 pp.

Duke, C.V. (2004) Lens cleaning—best practice review. Microscopy Today, 12 (2), 42–44.
Eastop, V.F. (1985) The aquisitation and processing of taxonomic data. In: Szelegiewicz, H. (Ed.), Evoution and biosystematics 

of aphids. Proceedings of the International Aphidological Symposium at Jabłonna. 511 April 1981. Wroclaw, Ossolineum, 
pp. 245–270.

Eastop, V.F. & Emden, H.F. van (1972) The insect material. In: Emden, H.F. van (Ed.), Aphid technology, with special 
references to the study of aphids in the field. Academic Press, New York, pp. 1–45.

Edwards, A.M. (1871) VII.—On the employment of dammar in microscopy. The Monthly Microscopical Journal: Transactions 
of the Royal Microscopical Society and Records of Histological Research at Home and Abroad, 6, 34–36.

Edwards, H.G.M. (2005) Chapter 16 Overview: Biological materials and degradation. In: Edwards, H.G.M. & Chalmers, J.M. 
(Eds), Raman spectroscopy in archaeology and art history. RSC Analytical Monographs. The Royal Chemical Society, 
Cambridge, pp. 231–279

Edwards, H.G.M. & Ali, E.M.A. (2011) Raman spectroscopy of archaeological and ancient resins: Problems with database 
construction for application in conservation and historical provenancing. Spectrochimica Acta, Part A: Molecular and 
Biomolecular Spectroscopy, 80, 49–54.
https://doi.org/10.1016/j.saa.2011.01.030

Edwards, H.G.M., Farwell, D.G. & Daffner, L. (1996) Fourier-transform Raman spectroscopic study of natural waxes and 
resins. I. Spectrochimica Acta, Part A: Molecular and Biomolecular Spectroscopy, 52, 1639–1648.
https://doi.org/10.1016/0584-8539(96)01730-8

Ellis, J. (1981) Some type specimens of Isopoda (Flabellifera) in the British Museum (Natural History), and the isopods in the 
Linnaean collection. Bulletin of the British Museum, Zoology Series, 40, 121–128.

Eltoum, I., Fredenburgh, J., Myers, R.B. & Grizzle, W.E. (2001) Introduction to the theory and practice of fixation of tissues. 
Journal of Histotechnology, 24, 173–190.
https://doi.org/10.1179/014788801794812426

Engbert, H.R. (1957) Caedax 547—ein neues Diatomeeneinschlußmittel. Mikrokosmos, 46, 119–120.
English, T.S. & Heron, G.A. (1976) A stain for morphological study of copepods. In: Steedman, H.F. (Ed.), Zooplankton 

fixation and preservation. The Unesco Press, Paris, pp. 288–289.
Erben, R.G. (1997) Embedding of bone samples in methylmethacrylate: An improved method suitable for bone 

histomorphometry, histochemistry, and immunohistochemistry. Journal of Histochemistry and Cytochemistry, 45, 307–
313.
https://doi.org/10.1177/002215549704500215

Espada, J., Juarranz, A., Galaz, S., Cañete, M., Villanueva, A.,Pacheco, M. & Stockert, J.C. (2005) Non-aqueous permanent 
mounting for immunofluorescence microscopy. Histochemistry and Cell Biology, 123, 329–334.
https://doi.org/10.1007/s00418-005-0769-2

Esser, R.P. (1973) Zut as a cover glass support for nematodes. Nematologica, 19, 566–567.
https://doi.org/10.1163/187529273x00628

Esser, R.P. (1974) Two permanent mounting methods compared after six years. Proceedings of the Helminthological Society of 
Washington, 41, 1013.

Essig, E.O. (1948) Mounting aphids and other small insects on microscopic slides. Pan-Pacific Entomology, 24, 9–22.
Evans, G.O. & Browning, E. (1955) Techniques for the preparation of mites for study. Annals and Magazine of Natural History, 

Series 12, 8, 631–635.
https://doi.org/10.1080/00222935508655675

Evans, G.O., Sheals, J.G. & Macfarlane, D. (1961) Chapter III Techniques. In: Evans, G.O. (Ed.), The terrestrial acari of the 
British Isles. Vol. I. Introduction and Biology. British Museum (Natural History), London, pp. 61–88.

Evens, E.D. (1961) Some notes on glycerine mounting media. Journal of the Quekett Microscopy Club, 4, 444–446.
Ewing, H.E. (1939) A revision of the mites of the subfamily Tarsoneminae of North America, the West Indies, and the 

Hawaiian Islands. United States Department of Agriculture Washington Technical Bulletin, 653, 1–63.
Fain, A. (1980) A method of remounting old preparations of acarines without raising or displacing the cover slip. International 

Journal of Acarology, 6, 169170.
https://doi.org/10.1080/01647958008683212

Famadas, K.M., da Serra-Freire, N.M. & Faccini, J.L.H. (1996) A note on slide-mounting technique of unfed imature stages of 
Amblyomma cajennense (Fabricius, 1787) (Acari: Ixodidae). Memórias do Instituto Oswaldo Cruz, 91, 139–140.
NEUHAUS ET AL.156  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press



https://doi.org/10.1590/s0074-02761996000100026
Faraji, F. & Bakker, F. (2008) A modified method for clearing, staining and mounting plant-inhabiting mites. European Journal 

of Entomology, 105, 793–795.
Faure, G. (1910) Liquido conservatore per frammenti di organi e per piccoli organismi interi. Annali di Botanica, 8, 63–64.
Feller, R.I. (1971) Resins and the properties of varnishes. In: Feller, R.I., Stolow, N. & Jones, E.H. (Eds.), On picture varnishes 

and their solvents. Case Western Reserve University, Cleveland, Ohio, pp. 117–167.
Ferreira, A.V. & Combs, C.M. (1951) Deterioration of nitrocellulose solutions caused by light. Stain Technology, 26, 81–84.

https://doi.org/10.3109/10520295109113184
Field, D.E. (1958) Thermoplastic compositions and method of making same. US patent 2,855,322. Available from: http://

www.google.com/patents/US2855322 (accessed 4 February 2016)
Fisher, J.R. & Dowling, A.P.G. (2010) Modern methods and technology for doing classical taxonomy. Acarologia, 50, 395–409.

https://doi.org/10.1051/acarologia/20101981
Fleming, W.D. (1943) V.—Synthetic mounting medium of high refractive index. Journal of the Royal Microscopical Society, 

63, 34–37.
https://doi.org/10.1111/j.1365-2818.1943.tb00914.x

Fleming, W.D. (1954) V.—Naphrax, a synthetic mounting medium of high refractive index. New and improved methods of 
preparation. Journal of the Royal Microscopical Society, 74, 42–44.
https://doi.org/10.1111/j.1365-2818.1954.tb02001.x

Florian, M.-L. (1990) The effects of freezing and freeze-drying on natural history specimens. Collection Forum, 6, 45–52.
Fox, I. (1942) The use of creosote in mounting fleas and other arthropods on slides. Science, 96, 478.

https://doi.org/10.1126/science.96.2499.478
Foulkes, G.D. (1983) A new method of mounting acarines and other meiofauna. International Journal of Acarology, 9, 211–

213.
https://doi.org/10.1080/01647958308683339

Frahm, J.-P. (1990) Water-soluble permanent mounting media for microscopic slides. The Bryological Times, 53, 9–10.
Franklin, M.T. & Goodey, J.B. (1949) A cotton blue-lactophenol technique for mounting plant-parasitic nematodes. Journal of 

Helminthology, 23, 175178.
https://doi.org/10.1017/s0022149x0003251x

Frater, R. (1985) A removable polar embedding medium for light microscopy. Biotechnic and Histochemistry, 60, 189–192.
https://doi.org/10.3109/10520298509113911

Freeman, P. (1987) British Sciaridae (Diptera), new species and records with notes on the Tuomikoski collection. The
Entomologist’s Monthly Magazine, 123, 195–204.

Frison, E. (1952a) Coumarone resin as a mounting medium. The Microscope. The British Journal of Microscopy and 
Photomicroscopy. The Entomological Monthly, 8, 39–42.

Frison, E. (1952b) Coumarone resin as a mounting medium. The Microscope. The British Journal of Microscopy and 
Photomicroscopy. The Entomological Monthly, 8, 63–68.

Frison, E. (1955) Some further experiments with synthetic resins as mounting media of high and low refractive indices. The 
Microscope. The British Journal of Microscopy and Photomicroscopy. The Entomological Monthly, 10, 204–210.

Gardner, R.O. (1975) An overview of botanical clearing technique. Stain Technology, 50, 99–105.
https://doi.org/10.3109/10520297509117042

Garner, R. & Horie, C.V. (1984) The conservation and restoration of microscope slides of mosses. Studies in Conservation, 29, 
93–99.
https://doi.org/10.2307/1506080

Gatenby, J.B. & Beams, H.W. (1950) The microtomist's vade mecum (Bolles Lee). A Handbook of the methods of animal and 
plant microscopic technique. 11th Edition. J. A. Churchill Ltd., London, 753 pp.

Gater, B.A.R. (1929) An improved method of mounting mosquito larvae. Bulletin of Entomological Research, 19, 367–368.
https://doi.org/10.1017/s0007485300020745

Geptner, M.V. & Mikhailov, K.G. (1989) On elasticity restoration of dried-out planktonic samples and dry collections of 
anthropods. Zoologichesky Zhurnal, 68 (5), 132–135.

Gerakaris, J.G. (1984) Slide ringing revisited. Microscope, 32, 259–264.
Gerlach, A., Keller, W., Schulz, J. & Schumacher, K. (2001) Gas permeability of adhesives and their application for hermetic 

packaging of microcomponents. Microsystem Technologies, 7, 17–22.
https://doi.org/10.1007/s005420000056

Gerrits, P.O. & Smid, L. (1983) A new, less toxic polymerization system for the embedding of soft tissues in glycol 
methacrylate and subsequent preparing of serial sections. Journal of Microscopy, 132, 81–85.
https://doi.org/10.1111/j.1365-2818.1983.tb04711.x

Geysen, J. & Loof, A. de (1983) Translucent cyanoacrylate glues allow very quick and permanent mounting of semithin 
sections. Mikroskopie, 40, 138–139.

Gibbins, E.G. (1930) A simple method of making permanent microscope mounts of mosquito larvae. Bulletin of Entomological 
Research, 21, 429–430.
https://doi.org/10.1017/s0007485300024767
 Zootaxa 4321 (1)  © 2017 Magnolia Press  ·  157COLLECTION MANAGEMENT OF SLIDES



Gibson, L.T. & Watt, C.M. (2010) Acetic and formic acids emitted from wood samples and their effects on selected materials in 
museum environments. Corrosion Science, 52, 172178.
https://doi.org/10.1016/j.corsci.2009.08.054

Gibson, S.F. & Lanni, F. (1991) Experimental test of an analytical model of aberration in an oil-immersion objective lens used 
in three-dimensional light microscopy. Journal of the Optical Society of America, A8, 1601–1613.
https://doi.org/10.1364/josaa.8.001601

Gill, G.W. (2013) Cytopreparation: Principles and practice. Essentials in Cytopathology 12. Springer Press, New York, 437 pp.
Gill, G. & Frost, J. (1982) In defense of cover glasses. Histo-Logic Technical Bulletin for Histotechnology, 12, 175–176.
Gill, K. & Boersma, F. (1997) Solvent reactivation of hydroxypropyl cellulose (Klucel G) in textile conservation: Recent 

developments. The Conservator, 21, 12–20.
https://doi.org/10.1080/01410096.1997.9995111

Gillman, J. (1934) Restoration of mummified tissues. American Journal of Physical Anthropology, 18, 363–369.
https://doi.org/10.1002/ajpa.1330180317

Gilson, G. (1906) Un nouveau médium solidifiable pour le montage des préparations microscopiques. Cellule, 23, 427–432.
Giri, S.K., Ansari, M.F. & Baboo, B. (2010) Effect of storage methods on quality of lac—a natural resin. Journal of 

Agricultural Engeneering, 47, 20–26. [New Delhi]
Gisin, H. (1968) A cavity-slide technique for preparing permanent fluid preparations of small organisms. Revue d'Écologie et 

de Biologie du Sol, 5, 581583.
Gleiss, H.G.W. (1967) Angelschnüre als Deckglasstützen. Monofile Kunstfaserfäden als objektgerechte Deckglasstützen bei 

mikroskopischen Dauerpräparaten. Mikrokosmos, 56, 63–64.
Göke, G. (1973) Ein neues Diatomeen-Einschlußmittel mit hoher Brechzahl: Aroclor. Mikrokosmos, 62, 278–281.
Göke, G. (1984) Einschluß von Diatomeen. Mikrokosmos, 73, 192.
Göke, G. (2000) Natürliche und künstliche Harze als Einschlussmittel für die Mikroskopie. Mikrokosmos, 89, 373–376.
Goodey, J.B. (1957) Laboratory methods for work with plant and soil nematodes. 3rd Edition. Technical Bulletin 2. Ministry of 

Agriculture, H. M. S. Office, London, 47 pp.
Goodway, M. (1995) Storage system for microscopical preparations. In: Rose, C.L. & Torres, A.R. de (Eds.), Storage of natural 

history collections: Ideas and practical solutions. York Graphics, York, p. 269.
Gough, L.J. (1964) Conifer resin constituents. Chemistry and Industry, 50, 2059–2060.
Gray, P. (1954) The microtomist’s formulary and guide. Blakiston Company, New York, Toronto, 794 pp.
Gray, P.S. & Mills, J.S. (1964) 1109. The isolation of abienol from Canada balsam, the oleoresin of Abies balsamea (L.) Mill. 

Journal of the Chemical Society, 1964, 5822–5825.
https://doi.org/10.1039/jr9640005822

Gray, P. & Wess, G. (1950) XV.—The use of polyvinyl alcohol and its derivatives as microscopical mounting media. Part I.—
Water-miscible mounting media. Journal of the Royal Microscopical Society, Series III, 70, 287–291.
https://doi.org/10.1111/j.1365-2818.1950.tb04437.x

Gray, P. & Wess, G. (1951) X.—The use of polyvinyl alcohol and its derivatives as microscopical mounting media. Part II.—
Hydrocarbon-miscible mounting media. Journal of the Royal Microscopical Society, Series III, 71, 196–199.
https://doi.org/10.1111/j.1365-2818.1951.tb01965.x

Greco, J. (1950) Refractive indices of currently used mounting media. Stain Technology, 25, 11–12.
https://doi.org/10.3109/10520295009110946

Green, G. (1926) Paraffin rings on microscope slides. Journal of Laboratory and Clinical Medicine, 11, 577–578.
Green, O.R. (1995) Pitfalls, problems and procedures in micropalaeontological preparation and conservation. Geological 

Curator, 6, 157–166.
Griffith, R. (1996) Two pooped-out pop chairs: What is the future for our plastic collections? V & A Conservation Journal, 21, 

10–12.
Grimaldi, D. (1993) The care and study of fossiliferous amber. Curator, 36, 31–49.

https://doi.org/10.1111/j.2151-6952.1993.tb00775.x
Grizzle, W.E., Fredenburgh, J.L. & Myers, R.B. (2008) 4. Fixation of tissues. In: Bancroft, J.D. & Gamble, M. (Eds.), The 

theory and practice of histological techniques. Churchill Livingstone, Elsevier, pp. 53–74.
Groat, R.A. (1939) Two new mounting media superior to Canada balsam and gum damar. Anatomical Record, 74, 1–6.

https://doi.org/10.1002/ar.1090740102
Groat, R.A. (1940) Evaluation of isobutyl methacrylate polymer as a mounting medium. Science, 92, 268.

https://doi.org/10.1126/science.92.2386.268
Groat, R.A. (1950) Preparation of copolymers of isobutyl methacrylate and styrene for mounting media. Stain Technology, 25, 

87–94.
https://doi.org/10.3109/10520295009110963

Grzywacz, C.M. (2006) Monitoring for gaseous pollutants in museum environments. Tools for conservation, Getty 
Conservation Institute, Los Angeles, 176 pp.

Grzywacz, C.M. & Tennent, N.H. (1994) Pollution monitoring in storage and display cabinets: Carbonyl pollutant levels in 
relation to artifact deterioration. Studies in Conservation, 39, 164–170.

Gudo, M., Allspach, A., Thomas, M. & Syed, T. (2012) Abschlussbericht zur Restaurierung der vergleichenden anatomischen 
NEUHAUS ET AL.158  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press



und histologischen Sammlungen am Senckenberg Forschungsinstitut und Naturmuseum Frankfurt. Senckenberg 
Gesellschaft für Naturforschung, Frankfurt, 34 pp.
https://doi.org/10.5165/hawk-hhg/epublication/47

Gunter, M. & Brown, P. (2005) Notes on conservation tests of failing Collembola (Insecta) micro-slide mounts. NatSCA News, 
4, 35–36.

Gütebier, T. (2011) Schadenserfassung, Pflegeplan und Pflege von Mikropräparaten der Typensammlung des Göteborger 
Naturhistorischen Museums. Der Präparator, 57, 66–87.

Gutierrez, J. (1985) 1.5.3 Mounting techniques. In: Helle, W. & Sabelis, M.W. (Eds.), Spider mites. Their biology, natural 
enemies and control. World Crop Pests. Vol. 1A. Elsevier, Amsterdam, pp. 351–353.

Hafizoğlu, H. (1982) Analytical studies on the balsam of Liquidambar orientalis Mill. by gas chromatography and mass 
spectrometry. Holzforschung, 36, 311–313. 

Hafizoğlu, H., Reunanen, M. & Istek, A. (1996) Chemical constituents of balsam from Liquidambar orientalis. Holzforschung, 
50, 116–117.

Hagenmaier, R.D. & Shaw, P.E. (1991) Permeability of shellac coatings to gases and water vapor. Journal of Agricultural and 
Food Chemistry, 39, 825–829.
https://doi.org/10.1021/jf00005a001

Haglund, W.D. (1988) A technique to enhance fingerprinting of mummified fingers. Journal of Forensic Sciences, 33, 1244–
1248.
https://doi.org/10.1520/JFS12559J

Halliday, R.B. (1994) Microscope slide mounting media. Results of informal survey. Archives of Acarology List. Available 
from: http://www.nhm.ac.uk/hosted_sites/acarology/archive/summary.html (accessed 13 July 2015)

Hamilton, J.M. (1940) Isobutyl methacrylate as a mounting medium for histological preparations. Science, 92, 44.
https://doi.org/10.1126/science.92.2376.44-a

Hamond, R. (1969) Methods of studying the copepods. Journal of the Quekett Microscopical Club, 31, 137–149.
Hanna, G.D. (1927) “A F S,” a new resin of high refractive index for mounting microscopic objects. Science, 65, 41–42.

https://doi.org/10.1126/science.65.1672.41-a
Hanna, G.D. (1930) XX.—Hyrax, a new mounting medium for diatoms. Journal of the Royal Microscopical Society, 50, 424–

426.
Hanna, G.D. (1949) V.—A synthetic resin which has unusual properties. Journal of the Royal Microscopical Society, 69, 25–28.

https://doi.org/10.1111/j.1365-2818.1949.tb00958.x
Hanna, G.D. & Grant, W.M. (1940) XII.—Apparatus for mounting diatoms in realgar and other substances. Journal of the 

Royal Microscopical Society, 60, 152–160.
https://doi.org/10.1111/j.1365-2818.1940.tb00867.x

Hardwick, D.F. (1950) Preparation of slide mounts of lepidopterous genitalia. The Canadian Entomologist, 82, 231–235.
https://doi.org/10.4039/ent82231-11

Harris, R.H. (1990) Zoological preservation and conservation techniques. Journal of Biological Curation, 1, 4–24.
Hasle, G.R. & Fryxell, G.A. (1970) Diatoms: Cleaning and mounting for light and electron microscopy. Transactions of the 

American Microscopical Society, 89, 469–474.
https://doi.org/10.2307/3224555

Hatchfield, P. (1995) Wood and wood products. In: Rose, C.L., Hawks, C.A. & Genoways, H.H. (Eds.), Storage of natural 
history collections: A preventive conservation approach. York Graphics, York, pp. 283–289.

Haunold, A. (1968) Venetian turpentine as an aid in squashing and concomitant production of durable chromosome mounts. 
Stain Technology, 43, 153–156.
https://doi.org/10.3109/10520296809115059

Hawks, C. & Williams, S.L. (2005) Labeling natural history specimens. Conserve O Gram, 11/6, 1–4.
Heesters, R., Keulen, H. van & Roelofs, W.G.T. (2002) Natural resins, artificially aged in steps. In: Mosk, J.A. & Tennant, N.H. 

(Eds.), Contributions to conservation, research in conservation at the Netherlands Institute for Cultural Heritage (ICN). 
James and James, London, pp. 55–63.

Heikinheimo, O. (1988) 8.3. Mounting techniques, aphid collections. In: Minks, A.K. & Harrewijn, P. (Eds.), Aphids, their 
biology, natural enemies and control. World Crop Pests. Vol. 2B. Elsevier, Amsterdam, pp. 31–44.

Heinze, K. (1952) Polyvinylalkohol-Lactophenol-Gemisch als Einbettungsmittel für Blattläuse. Naturwissenschaften, 12, 285–
286.
https://doi.org/10.1007/bf00591256

Heming, B.S. (1969) A modified technique for mounting Thysanoptera in Canada balsam. Entomological News, 80, 323–328.
Henshaw, D.J. de C. (1981) Observations on the preparation of Berlese's fluid. The Entomologist's Monthly Magazine, 116, 

206.
Hepworth, A. (1994) Diatom mountant—Pleurax. Balsam Post, 23, 21–23.
Herr, J.M. (1971) A new clearing-squash technique for the study of ovule development in angiosperms. American Journal of 

Botany, 58, 785–790.
https://doi.org/10.2307/2441475

Herr, J.M. (1982) An analysis of methods for permanently mounting ovules cleared in four-and-a-half type clearing fluids. 
 Zootaxa 4321 (1)  © 2017 Magnolia Press  ·  159COLLECTION MANAGEMENT OF SLIDES



Stain Technology, 57, 161–169.
https://doi.org/10.3109/10520298209066609

Hevers, J. (1985) Der Einschluß in Glyceringelatine. Dauerpräparate von Gliederfüßern für Wissenschaft und Ausstellungen. 
Mikrokosmos, 74, 347–352.

Higgins, R.P. (1960) A new species of Echinoderes (Kinorhyncha) from Puget Sound. Transactions of the American 
Microscopical Society, 79, 85–91.
https://doi.org/10.2307/3223976

Higgins, R.P. (1961) Three new homalorhage kinorhynchs from the San Juan Archipelago, Washington. Journal of the Elisha 
Mitchell Scientific Society, 77, 81–88.

Higgins, R.P. (1964) Three new kinorhynchs from the North Carolina coast. Bulletin of Marine Science of the Gulf and 
Caribbean, 14, 479–493.

Higgins, R.P. (1965) The homalorhagid Kinorhyncha of Northeastern U. S. Coastal Waters. Transactions of the American 
Microscopical Society, 84, 6572.
https://doi.org/10.2307/3224541

Higgins, R.P. (1968) Taxonomy and postembryonic development of the Cryptorhagae, a new suborder for the mesopsammic 
kinorhynch genus Cateria. Transactions of the American Microscopical Society, 87, 21–39.
https://doi.org/10.2307/3224334

Higgins, R.P. (1969) Indian Ocean Kinorhyncha: 1. Condyloderes and Sphenoderes, new cyclorhagid genera. Smithsonian 
Contributions to Zoology, 14, 1–13.

Higgins, R.P. (1971) A historical overview of kinorhynch research. Smithsonian Contributions to Zoology, 76, 25–31.
Higgins, R.P. (1977) Two new species of Echinoderes (Kinorhyncha) from South Carolina. Transactions of the American 

Microscopical Society, 96, 340–354.
https://doi.org/10.2307/3225864

Higgins, R.P. (1982) Three new species of Kinorhyncha from Bermuda. Transactions of the American Microscopical Society, 
101, 305–316.
https://doi.org/10.2307/3225748

Higgins, R.P. (1983) The Atlantic barrier reef ecosystem at Carrie Bow Cay, Belize, 2: Kinorhyncha. Smithsonian
Contributions to the Marine Sciences, 18, 1–131.

Higgins, R.P. (1986) Phylum Kinorhyncha. In: Sterrer, W. & Schöpfer-Sterrer, C. (Eds.), Marine fauna and flora of Bermuda: A 
systematic guide to the identification of marine organisms. Wiley and Sons, New York, pp. 220–222.

Higgins, R.P. (1988) Kinorhyncha. In: Higgins, R.P. & Thiel, H. (Eds.), An introduction to the study of meiofauna. Smithsonian 
Institution Press, Washington, pp. 328–331.

Higgins, R.P. (1990) Zelinkaderidae, a new family of cyclorhagid Kinorhyncha. Smithsonian Contributions to Zoology, 500, 1–
26.
https://doi.org/10.5479/si.00810282.500

Hirling, W. (1957–1958) Celodal als Einbettungsmittel für mikroskopische Dauerpräparate von Schldläusen (Coccoidea). 
Mikrokosmos, 47, 286–287.

Hirsch, T. von (1953) Phasenkontrastmikroskopie histologischer Schnitte. Zeitschrift für wissenschaftliche Mikroskopie, 61, 
337–350.

Hirsch, T. von & Hager, H. (1955) Über die kombinierte Anwendung von Phasenkontrast- und Polarisationsbild in der 
Histopathologie des Zentralnervensystems. Archiv für Psychiatrie und Zeitschrift Neurologie, 193, 146–160.
https://doi.org/10.1007/bf00342794

Hirschmann, W. (1984) Schlechte Erfahrungen mit Polyvinyllactophenol? Mikrokosmos, 73, 31–32.
Hirschmann, W. & Woelke, O. (1960) Das Präparieren von Milben. Kurzzeit- oder Dauerpräparat? Berlese-Mischung oder 

Polyvinyllactophenol? Mikrokosmos, 49, 122–124.
Hollander, D.H. & Frost, J.K. (1970) Annual bands in synthetic-resin-mounted microscopic slides. Acta Cytologica, 14, 142–

144.
Hollander, D.H. & Frost, J.K. (1971) Antioxidant inhibition of stain fading and mounting medium crazing. Acta Cytologica, 15, 

419.
Höbel, P. (2008) Einbettmedien für Diatomeen unter anderem Aspekt betrachtet. Available from: http://www.mikroskopie-

ph.de/Einbettung.html (accessed 14 April 2016)
Höbel, P. (2016) Planapo Objektiv brennt ein in Fluoreszenz! Frage! Available from: http://www.mikroskopie-forum.de/

index.php?topic=25777.0 (accessed 14 April 2016)
Höbel, P. & Sterrenburg, F.A.S. (2011) UV photomicrography of diatoms. Diatom Research, 26, 13–19.

https://doi.org/10.1080/0269249x.2011.587642
Hockin, D.C. (1981) Gurr’s neutral mounting medium: A suitable mountant for the Harpacticoida (Copepoda). Crustaceana, 

40, 222–223.
https://doi.org/10.1163/156854081x00660

Hooper, D.J. (1970) Handling, fixing and mounting nematodes. In: Southey, J.F. (Ed.), Laboratory methods for work with plant 
and soil nematodes. 5th Edition. Ministry of Agriculture, Fisheries and Food, Technical Bulletin 2. Her Majesty’s 
Stationary Office, London, pp. 39–54.
NEUHAUS ET AL.160  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press



Hooper, D.J. (1986a) Handling, fixing, staining and mounting nematodes. In: Southey, J.F. (Ed.), Laboratory methods for work 
with plant and soil nematodes. 6th Edition. Ministry of Agriculture, Fisheries and Food, Reference Book 402. Her 
Majesty’s Stationary Office, London, pp. 59–80.

Hooper, D.J. (1986b) Observations on the curation of plant and soil nematodes. Nematologica, 32, 312–321.
https://doi.org/10.1163/187529286x00408

Hooper, D.J., Hallmann, J. & Subbotin, S.A. (2005) Methods for extraction, processing and detection of plant and soil 
nematodes. In: Luc, M., Sikora, R.A. & Bridge, J. (Eds.), Plant parasitic nematodes in subtropical and tropical 
agriculture. 2nd Edition. CABI Publishing, Cambridge, pp. 53–86. 

Horie, C.V. (1983) Reversibility of polymer treatment. In: Tate, J.O., Tennant, N.H. & Townsend, J.H. (Eds.), The proceedings 
of the symposium “Resins in conservation” held at the University of Edinburgh. 21–22 May 1982, Edinburgh, U.K., pp. 1–
6 (3-1-3-6).

Horie, V. (2011) Materials for conservation: Organic consolidants, adhesives and coatings. Paperback edition of 2nd edition 
2010. Routledge, London, New York, 489 pp.

Hoyer, H. (1882) Beiträge zur histologischen Technik. Biologisches Centralblatt, 2, 17–24.
Hrauda, G. (1990) Einschlußmittel im Vergleich. Mikrokosmos, 79, 183–186.
Huber, J.T. (1998) The importance of voucher specimens, with practical guidelines for preserving specimens of the major 

invertebrate phyla for identification. Journal of Natural History, 32, 367–385.
https://doi.org/10.1080/00222939800770191

Huys, R. & Boxshall, G.A. (1991) Copepod evolution. The Ray Society, London/The Gresham Press, Surrey, 468 pp.
Humes, A.G. & Gooding, R.U. (1964) A method for studying the external anatomy of copepods. Crustaceana, 6, 238–240.

https://doi.org/10.1163/156854064x00650
Humphrey, C.D. & Pittman, F.E. (1977) Influence of mounting media on the fading of basic aniline dyes in epoxy embedded 

tissues. Stain Technology, 52, 159–164.
https://doi.org/10.3109/10520297709116768

ICZN (1999) International code of zoological nomenclature. 4th Edition. International Trust for Zoological Nomenclature, c/o 
The Natural History Museum, London, 306 pp.

Imms, A.D. (1929) Some methods of technique applicable to entomology. Bulletin of Entomological Research, 20, 165–171.
https://doi.org/10.1017/s0007485300021064

Jacinavicius, F.C., Badari, J.C., Ramirez, D.G., Maraes, R.H.P., Onofria, V.C. & Barros-Battesti, D.M. (2013) Techniques for 
restoration of mite (Acari) preparations in deteriorated Hoyer’s mounting medium. Neotropical Entomology, 42, 328–329.

Jackson, P.R. (1982) Resins used in glass conservation. In: Tate, J.O., Tennant, N.H. & Townsend, J.H. (Eds.), The proceedings 
of the symposium “Resins in conservation” held at the University of Edinburgh. 21–22 May 1982, Edinburgh, U.K., pp. 1–
7 (10-1-10-7).

Jairajpuri, M.S. & Rahmani, S.A. (1979) An ideal sealing medium for nematode mounts. Indian Journal of Nematology, 8, 177.
James, F.L. (1887) Elementary microscopical technology. A manual for students of microscopy. In three parts. Part I. The 

technical history of a slide from the crude materials to the finished mount. St. Louis Medical and Surgical Journal 
Company, St. Louis, 100 pp.

Jaspers, C. & Carstensen, J. (2009) Effect of acid Lugol solution as preservative on two representative chitineous and 
gelatinous zooplankton groups. Limnology and Oceanography: Methods, 7, 430435.
https://doi.org/10.4319/lom.2009.7.430

Jentzen, A. (1984) Der Einschluß in Glyceringelatine. Mikrokosmos, 73, 29–30.
Jentzen, A. (1986) Niglytin. Ein Einschlußmittel mit Dunkelfeldeffekt. Mikrokosmos, 75, 212–213.
Jeppesen, P.C. (1988) Use of vacuum in rehydration of biological tissue, with a review of liquids used. Crustaceana, 55, 268–

273.
https://doi.org/10.1163/156854088x00366

Jeppson, L.R., Keifer, H.H. & Baker, E.W. de (1975) Mites injurious to economic plants. University of California, Berkeley, 
614 pp.

Jersabek, C.D. (2005) The ‘Frank J. Myers Rotifera collection’ at the Academy of Natural Sciences of Philadelphia. 
Hydrobiologia, 546, 137–140.
https://doi.org/10.1007/s10750-005-4110-9

Jersabek, C.D., Bolortsetseg, E. & Taylor, H.L. (2010) Mongolian rotifers on microscope slides: Instructions to permanent 
specimen mounts from expedition material. Mongolian Journal of Biological Sciences, 8, 51–57.
https://doi.org/10.22353/mjbs.2010.08.06

Jersabek, C.D., Segers, H. & Dingman, B.J. (2003a) The Frank Myers Rotifera collection at the Academy of Natural Sciences: 
The whole collection in digital images. The Academy of Natural Sciences of Philadelphia, Special Publication 20. [CD-
ROM]

Jersabek, C.D., Segers, H. & Morris, P.J. (2003b) An illustrated online catalog of the Rotifera in the Academy of Natural 
Sciences of Philadelphia (Version 1.0: 2003-April-8). WWW database. Available from: http://rotifer.acnatsci.org/
rotifer.php (accessed 14 April 2016)

Jones, D. (1976) Chemistry of fixation and preservation with aldehydes. In: Steedman, H.F. (Ed.), Zooplankton fixation and 
preservation. The Unesco Press, Paris, pp. 155–171.
 Zootaxa 4321 (1)  © 2017 Magnolia Press  ·  161COLLECTION MANAGEMENT OF SLIDES



Jordão, R.C.C., Silva, N.H. da & Carvalho, L.B. Jr. (1996) Glyptal as a support for enzyme immobilisation. Biotechnology 
Techniques, 10, 59–62.
https://doi.org/10.1007/bf00161085

Jutras, P.J. & Tarjan, A.C. (1961) A two-component apparatus for constructing Cobb metal slides for microscope mounts. 
Journal of Parasitology, 47, 369–371.
https://doi.org/10.2307/3275355

Kabata, Z. (1986) Type specimens of Ergasilus funduli Krøyer,1863 (Crustacea: Copepoda) re-examined. Steenstrupia, 12, 
153–156.

Kaudewitz, H. (1951–1952) Ein neues Einschlußmittel. Mikrokosmos, 41, 142–144.
Keifer, H.H. (1979) Eriophyid studies C-16. USDA-ARS Special Publications, 1979, 1–24.
Keller, H.E. (2006) 7. Objective lenses for confocal microscopy. In: Pawley, J.B. (Ed.), Handbook of biological confocal 

microscopy. 3rd Edition. Springer Science + Business Media, New York, pp. 145–161.
https://doi.org/10.1007/978-0-387-45524-2_7

Keneghan, B. (1996) Plastics? ¾ Not in my collection. V & A Conservation Journal, 21, 4–6.
Kern, J.G., Thornton, L.T. & Helfaer, B.M. (1946) “Caedax” a synthetic substitute for Canada balsam in microscopic 

techniques. Field Information Agency Technical Final Report, No. 1020, 1–2.
Kerner-Gang, W. (1977) Evaluation techniques for resistance of optical lenses to fungal attack. In: Walters, A.H. (Ed.), 

Biodeterioration investigation techniques. Applied Science Publishers, London, pp. 105–114.
Kernohan, J.W. (1928) A note on the use of “cellophane” as a cover-glass and a camphor-sandarac mounting medium. 

Transactions of the American Microscopical Society, 47, 272–273.
https://doi.org/10.2307/3222179

Kiernan, J.A. (2000) Formaldehyde, formalin, paraformaldehyde and glutaraldehyde: What they are and what they do. 
Microscopy Today, 8, 8–12.

Kiernan, J.A. (1999) Histological and histochemical methods. Theory and practice. 3rd Edition. Butterworth Heinemann, 
Oxford, 502 pp.

Kiernan, J.A. (2015) Histological and histochemical methods. Theory and practice. 5th Edition. Scion Publishing, Banbury, 572 
pp.

Kilby, V. (1995) Buffered and unbuffered storage materials. Conserve O Gram, 4/9, 1–4.
Kim, J., Seo, S.-M., Lee, S.-G., Shin, S.-G. & Park, I.-K. (2008) Nematicidal activity of plant essential oils and components 

from coriander (Coriandrum sativum), oriental sweetgum (Liquidambar orientalis), and valerian (Valeriana wallichii) 
essential oils against pine wood nematode (Bursaphelenchus xylophilus). Journal of Agricultural and Food Chemistry, 56, 
7316–7320.
https://doi.org/10.1021/jf800780f

Kirkpatrick, J. & Lendrum, A.C. (1939) A mounting medium for microscopical preparations giving good preservation of 
colour. Journal of Pathology and Bacteriology, 49, 592–594.
https://doi.org/10.1002/path.1700490321

Kirkpatrick, J. & Lendrum, A.C. (1941) Further observations on the use of synthetic resin as a substitute for Canada balsam. 
Precipitation of paraffin wax in the medium and an improved plasticiser. Journal of Pathology and Bacteriology, 53, 441–
443.

Klebs, R. (1880) Der Bernstein. Seine Gewinnung, Geschichte und geologische Bedeutung. Erläuterung und Catalog der 
Bernstein-Sammlung der Firma Stantien & Becker. G. Laudin, Königsberg i. Pr., 32 pp.

Knudsen, J.W. (1966) Biological techniques. Collecting, preserving and illustrating plants and animals. Harper International, 
New York, 525 pp.

Kohlmeyer, J. & Kohlmeyer, E. (1972) Permanent microscopic mounts. Mycologia, 64, 666–669.
https://doi.org/10.2307/3757888

Koob, S.P. (1982) The instability of cellulose nitrate adhesives. The Conservator, 6, 31–34.
https://doi.org/10.1080/01410096.1982.9994961

Koomen, P. & Vaupel Klein, J.C. von (1995) The suitability of various mounting media for permanent mounts of small 
chitinous crustaceans, with special reference to the observation of integumental organs. Crustaceana, 68, 428–437.
https://doi.org/10.1163/156854095x01583

Kotrba, M. & Golbig, K. (2009) A new approach to stabilize the pH in fluid-preserved natural history collections. Collection 
Forum, 23, 18–22.

Krantz, G.W. (1978) A manual of acarology. 2nd Edition. Oregon State University Book Stores, Corvallis, 509 pp.
Krauter, D. (1952–1953) Celodal als Einschlußmittel für mikroskopische Präparate. Mikrokosmos, 42, 140–142.
Krauter, D. (1983) Modellversuch zur Wirkung von Aufhellungs- und Einschlußmitteln. Mikrokosmos, 72, 319.
Krauter, D. & Rüdt, U. (1980) Einschlußharze für die Mikroskopie. Vor- und Nachteile der handelsüblichen Einschlußmedien. 

Mikrokosmos, 69, 264–269.
Kurihara, D., Mizuta, Y., Sato, Y. & Higashiyama, T. (2015) ClearSee: A rapid optical clearing reagent for whole-plant 

fluorescence imaging. Development, 142, 4168–4179.
https://doi.org/10.1242/dev.127613

Lacey, A.J. (Ed.) (1999) Light microscopy in biology. A practical approach. Oxford University Press, New York, 480 pp.
NEUHAUS ET AL.162  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press



Lambers, D.H.R. (1950) On mounting aphids and other soft-skinned insects. Entomologische Berichten, 298, 55–58.
Lang, W. (1968) Nomarski differential interference-contrast microscopy. Zeiss Information, 70, 114–120.

https://doi.org/10.1002/0471684228.egp08526
Larsen, H.F. (1980) Polyvinylpyrrolidon als Einschlußmittel für Azur A-gefärbte Präparate. Mikrokosmos, 69, 110–112.
Larson, J.M. (2001) Cleaning a microscope’s optical surfaces. Microscopy Today, 9 (4), 26–27.
Leduc, E.H. & Holt, J.S. (1965) Hydroxypropyl methacrylate, a new water-miscible embedding medium for electron 

mcroscopy. Journal of Cell Biology, 26, 137–155.
https://doi.org/10.1083/jcb.26.1.137

Lee, Y.-C., Gordon, D.L. & Gordon, L.A. (1999) Epoxy resin allergy from microscopy immersion oil. Australasian Journal of 
Dermatology, 40, 228229.
https://doi.org/10.1046/j.1440-0960.1999.00370.x

Lersten, N.R. (1967) An annoted bibliography of botanical clearing methods. Iowa State Journal of Science, 41, 481–486.
Levi, H.W. (1966) The care of alcoholic collections of small invertebrates. Systematic Zoology, 15, 183–188.

https://doi.org/10.2307/2411389
Lillie, R.D. & Greco Henson, J.P. (1955) Xylene-cellulose caprate as a histologic mounting medium of low refractive index. 

Stain Technology, 30, 133–134.
https://doi.org/10.3109/10520295509113756

Lillie, R.D., Windle, W.F. & Zirkle, C. (1950) Interim report of the committee on histologic mounting media: Resinous media. 
Stain Technology, 25, 1–9.
https://doi.org/10.3109/10520295009110945

Lillie, R.D., Zirkle, C. & Greco, J.P. (1953) Final report of the committee on histological mounting media. Stain Technology, 
28, 57–80.
https://doi.org/10.3109/10520295309105103

Lillo, E. de, Craemer, C., Amrine Jr., J.W. & Nuzzaci, G. (2010) Recommended procedures and techniques fror morphological 
studies of Eriophyoidea (Acari: Prostigmata). Experimantal and Applied Acarology, 51, 283–307.

Linder, D.H. (1929) An ideal mounting medium for mycologists. Science, 70, 430.
https://doi.org/10.1126/science.70.1818.430

Linskens, H.F. (1996) Flache Einbettung auf Objektträgern. Mikrokosmos, 85, 240.
Lipovsky, L.J. (1953) Polyvinyl alcohol with lacto-phenol, a mounting and clearing medium for chigger mites. Entomological 

News, 64, 42–44.
Liu, P.-Y., Phillips, G.E., Kempf, M., Cuttle, L., Kimble, R.M. & McMillan, J.R. (2010) Cyanoacrylate glue as an alternative 

mounting medium for resin-embedded semithin sections. Journal of Electron Microscopy, 59, 87–90.
https://doi.org/10.1093/jmicro/dfp040

Liva, M. (1983) New candidates for mounting media. Microscope, 31, 231–233.
Lödl, M. (1999) Permanent mounts of dissected Lepidoptera with water-soluble varnish. Quadrifina, 2, 209–213.
Lomax, S.Q. & Fisher, S.L. (1990) An investigation of the removability of naturally aged synthetic picture varnishes. Journal 

of the American Institute of Conservation, 29, 181–191.
https://doi.org/10.2307/3179582

Lombard, R., Rotovic, B. & Criqui, A. (1958) Les résines naturelles. II—Étude du baume de Canada. Peintures, Pigments,
Vernis, 34, 106–110.

Loveland, R.P. & Centifanto, Y.M. (1986) Mounting media for microscopy. Microscope, 34, 181–241.
Lubkin, V. & Carsten, M. (1942) Elimination of dehydration in histological technique. Science, 95, 633–634.
Lubkin, V. & Carsten, M. (1944) Dehydration in histological embedding eliminated by the use of a water soluble synthetic 

plastic. Archive of Pathology, 38, 229–232.
https://doi.org/10.1126/science.95.2477.633-a

Luknitskii, F.I. (1975) The chemistry of chloral. Chemical Review, 75, 259–289.
Lyon, H. (2000) Standardization in biological staining. The influence of dye manufacturing. Biotechnic and Histochemistry, 75, 

176–182.
https://doi.org/10.3109/10520290009066498

Maeseneer, J. de & d'Herde, C.J. (1963) Méthodes utilisées pour l'étude des anguillules libres du sol. Revue Agriculture,
Bruxelles, 16, 441447.

Margolena, L.A. & Baesony, L.M. (1931) Feulgen’s reaction applied to Protozoa and small worms, mounted in toto in Venetian 
turpentine. Stain Technology, 6, 47–49.
https://doi.org/10.3109/10520293109116042

Marhue, L. (1983) Techniques to restore dried-up invertebrate specimens. Syllogeus, 44, 175–177.
Marner, F.-J., Freyer, A. & Lex, J. (1991) Triterpenoids from gum mastic, the resin of Pistacia lentiscus. Phytochemistry, 30, 

3709–3712.
https://doi.org/10.1016/0031-9422(91)80095-i

Marshall, W. (1932) XV.—The influence of refractive index on mounting media. Journal of the Royal Microscopical Society, 
52, 275–280.
https://doi.org/10.1111/j.1365-2818.1932.tb01877.x
 Zootaxa 4321 (1)  © 2017 Magnolia Press  ·  163COLLECTION MANAGEMENT OF SLIDES



Martin, J.E.H. (1978) The insects and arachnids of Canada. Part 1. Collecting, preparing and preserving insects, mites, and 
spiders. Publ. 1643. Canada Department of Agriculture, Biosystematics Research Institute, Ottawa, 182 pp.

Martin, J.H. (1999) The whitefly fauna of Australia—a taxonomic account and identification guide (Sternorrhyncha: 
Aleyrodidae). Technical Paper 38. CSIRO Entomology. CSIRO Publishing, Canberra, pp. 1–197.

Mason, E.B.B. & Bosher, J.E. (1963) Combination die for making aluminium micro slides. Proceedings of the 
Helminthological Society, 30, 19–20.

Maybury, C., Morrison, L & Stewart, V. (1991) The search for a reliable mounting medium for Recent ‘live’ foraminifera. 
Journal of Micropalaeontology, 9, 172 & 9. [corrected version]

McCrone, W.C. (1984) Use of Aroclors in microscopy. Microscope, 32, 277–288.
McGinley, R. (1989) Entomological collection management—are we really managing? Insect Collection News, 2, 19–24.
McGinley, R.J. (1992) Where’s the management in collection management? Planning for improved care, greater use, and 

growth of collections. International Symposium and First World Congress on the Preservation and Conservation of 
Natural History Collections, Congress Proceedings, 3, 309–338.

McHardy, R.A. (1966) Polyvinyl lactophenol microscope preparations made permanent with Turtox CMC-10. Turtox News, 44, 
63.

McInnes, E. (2005) Artefacts in histopathology. Comparative Clinical Pathology, 13, 100–108.
https://doi.org/10.1007/s00580-004-0532-4

McLaughlin, R.B. (2012) An introduction to the microscopical study of diatoms. (Edited by Delly, J.G. & Gill, S.) Available 
from: http://www.modernmicroscopy.com/article_pix/130107_McLaughlinDiatomBook/rbmbook.pdf (accessed 8 January 
2016)

McNeill, I.C. (1992) Fundamental aspects of polymer degradation. In: Allen, N.S., Edge, M. & Horie, C.V. (Eds.), Polymers in 
conservation. The Royal Society of Chemistry Special Publications 105. The Royal Society of Chemistry, London, pp. 14–
31.

Mekota, A.-M. & Vermehren, M. (2005) Determination of optimal rehydration, fixation and staining methods for histological 
and immunohistochemical analysis of mummified soft tissues. Biotechnic and Histochemistry, 80, 7–13.
https://doi.org/10.1080/10520290500051146

Melcher, M., Wiesinger, R. & Schreiner, M. (2010) Degradation of glass artifacts: Application of modern surface analytical 
techniques. Accounts of Chemical Research, 43, 916–926.
https://doi.org/10.1021/ar9002009

Meller, A. (1985) Einschlußmittel mit hohem Brechungsindex für Diatomeen. Mikrokosmos, 74, 55–60.
Metcalfe, C.R. & Richardson, F.R. (1949) The use of polyvinyl alcohol and related compounds as a mounting medium for 

microscope slides. Kew Bulletin, 4, 569–571.
https://doi.org/10.2307/4109078

Meurgues, G. (1982) Errors of treatment. Synthetic resins can be dangerous. Museum, 34, 60–61.
Michalski, S. (2002) Double the life for each five-degree drop, more than double the life for each halving of relative humidity. 

In: Vontobel, R. (Ed.), Preprints of the 13th ICOM-CC Triennial Meeting. 22–27 September 2002, Rio de Janeiro. Vol. 1. 
James and James Ltd., London, pp. 66–72.

Michelson, E.H. (1960) A rapid method for preparing mounts of snail genitalia. Nautilus, 74, 32–33.
Mikkelsen, P.S. (1985) A rapid method for slide mounting of minute radulae, with a bibliography of radula mounting 

techniques. Nautilus, 99, 62–65.
Mills, J.S. & White, R. (1977) Natural resins of art and archaeology their sources, chemistry, and identification. Studies in 

Conservation, 22, 1231.
https://doi.org/10.1179/sic.1977.003

Mills, J.S. & White, R. (1999) The organic chemistry of museum objects. Paperback edition of 2nd Edition 1994. Butterworth-
Heinemann, Oxford, 206 pp.

Mitchell, R.D. & Cook, D.R. (1952) The preservation and mounting of water-mites. Turtox News, 30, 169–172.
Modugno, F., Ribechini, E. & Colombini, M.P. (2006) Aromatic resin characterisation by gas chromatography–mass 

spectrometry raw and archaeological materials. Journal of Chromatography A, 1134, 298–304.
Mohr, J.L. & Wehrle, W. (1940) Resins for sealing glycerin mounts [with a note on the use of Clarite (Nevillite V)]. Stain 

Technology, 15, 174–175.
Mohr, J.L. & Wehrle, W. (1942) Notes on mounting media. Stain Technology, 17, 157–160.

https://doi.org/10.3109/10520294209105779
Molnar, G.W. & Molnar, M.D. (1967) Methyl 2-cyanoacrylate monomer: a quick setting mounting medium. Stain Technology, 

42, 106.
Monk, C.R. (1938) An aqueous medium for mounting small objects. Science, 88, 174.

https://doi.org/10.1126/science.88.2277.174
Moore, J. (1996) Microscope slide mountants, 2nd May 1996, Natural History Museum, London. NSCG Newsletter, 4, 6–7.
Moore, S.J. (1979) Restoration of the Quekett microscope slide collection. Microscopy, 33, 489–494.
Morrison, W. (1942) Aqueous media for microscope slides. Turtox News, 20, 157–158.
Morse, J. (1992) Reports from ECN Meeting, Reno—1992. Insect collection conservation. Insect Collection News, 8, 1–5.
Moseley, M.E. (1943a) The preparation of insects; with special reference to Trichoptera. Entomologist, 76, 227–234.
NEUHAUS ET AL.164  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press



Moseley, M.E. (1943b) The preparation of insects; with special reference to Trichoptera. Entomologist, 76, 241–251.
Mound, L.A. & Pitkin, B.R. (1972) Microscopic whole mounts of thrips (Thysanoptera). Entomologist's Gazette, 23, 121–125.
Müller, H.-G. (1983) Schlechte Erfahrungen mit Polyvinyllactophenol. Mikrokosmos, 72, 296–297.
Museums & Galleries Commission (1992) Standards in the museum care of biological collections 1992. Spin Offset Limited, 

55 pp. Available from: http://326gtd123dbk1xdkdm489u1q.wpengine.netdna-cdn.com/wp-content/uploads/2016/11/
Standards-in-the-museum-care-of-biological-collections.pdf (accessed 27 June 2017)

Myers, F.J. (1936) Mounting rotifers in pure glycerine. Journal of the Quekett Microscopical Club, Series 3, 1, 200–208.
Naem, S., Pagan, C. & Nadler, S.A. (2010) Structural restoration of nematodes and acanthocephalans fixed in high percentage 

alcohol using Dess solution and rehydration. Journal of Parasitology, 96, 809–811.
https://doi.org/10.1645/ge-2402.1

Needham, G.H. (1924) A new method for the preparation of Styrax and balsam of Tolu for use as microscopic mounting media 
of high refractive index. Journal of the American Pharmaceutical Association, 13, 424–425.
https://doi.org/10.1002/jps.3080130507

Neuhaus, B. (1993) Postembryonic development of Pycnophyes kielensis and P. dentatus (Kinorhyncha) from the North Sea. 
Microfauna Marina, 8, 163–193.

Neuhaus, B. (2013) Kinorhyncha (= Echinodera). In: Schmidt-Rhaesa, A. (Ed.), Handbook of Zoology, Gastrotricha,
Cycloneuralia and Gnathifera. Vol. 1. Nematomorpha, Priapulida, Kinorhyncha, Loricifera. Walter de Gruyter, Berlin, pp. 
181–348.
https://doi.org/10.1515/9783110272536.181

Neuhaus, B. (2017) Tubulideres seminoli and Wollunquaderes majkenae (Kinorhyncha, Cyclorhagida): notes on their 
morphology, postembryonic development, and life cycle. Zoologischer Anzeiger. [submitted]

Neuhaus, B., Allspach, A., Bartsch, P., Burckhardt, D., Coleman, C.O., Fries, I., Fuchs, R., Gudo, M., Kotrba, M., Mentjes, M., 
Moore, S., Neumann, D., Oberer, C., Potthast, A., Riedel, J., Rudolf, R., Schnalke, T, Schönbohm, D., Schuda, M., Dam, 
A. van & Widulin, N. (2012) KUR-Projekt: Aufbau und öffentliche Kommunikation eines wissenschafts-basierten 
Sammlungsmanagements für naturkundliche Nasssammlungen. Museum für Naturkunde, Berlin, 32 pp.  
https://doi.org/10.5165/hawk-hhg/epublication/44

Neuhaus, B. & Kegel, A. (2015) Redescription of Cateria gerlachi (Kinorhyncha, Cyclorhagida) from Sri Lanka and of C. styx
from Brazil, with notes on C. gerlachi from India and C. styx from Chile, and ground pattern of the genus. Zootaxa, 3965, 
1–77.
https://doi.org/10.11646/zootaxa.3965.1.1

Neuhaus, B. & Sørensen, M.V. (2013) Populations of Campyloderes sp. (Kinorhyncha, Cyclorhagida): one global species with 
significant morphological variation? Zoologischer Anzeiger, 252, 48−75.

Neuhaus, B., Sørensen, M.V., Pardos, F. & Higgins, R.P. (2014) New species of Centroderes (Kinorhyncha: Cyclorhagida) 
from the Northwest Atlantic Ocean, life cycle, and ground pattern of the genus. Zootaxa, 3901, 1–69.
https://doi.org/10.11646/zootaxa.3901.1.1

Neumann, C. (2010) Der ostpreußische Bernsteinschrank. In: Damaschun, F., Hackethal S., Landsberg, H. & Leinfelder, R. 
(Eds.), Klasse, Ordnung, Art—200 Jahre Museum für Naturkunde Berlin. Verlag Natur und Text in Brandenburg, 
Rangsdorf, pp. 152–153.

Newell, I.M. (1947) A systematic and ecological study of the Halacaridae of eastern North America. Bulletin of the Bingham 
Oceanographic Collection, 10, 3, 1–232.

Newman, G.R. (1987) Use and abuse of LR White. Histochemical Journal, 19, 118–120.
Newman, G.R., Jasani, B. & Williams, E.D. (1982) The preservation of ultrastructure and antigenicity. Journal of Microscopy, 

127, 5–6 (RP5-RP6).
Newton, R.G. (1985) The durability of glass—a review. Glass Technology, 26, 21–38.
Norris, K.P. (1961) XXIV.—Some observations on microscope cover-glasses. Journal of the Royal Microscopical Society, 79, 

287–298.
North, A.J. (2006) Seeing is believing? A beginner’s guide to practical pitfalls in image aquisition. Journal of Cell Biology, 

172, 9–18.
https://doi.org/10.1083/jcb.200507103

Notton, D.G. (1995) B.P. Beirne microscope slides of Ichneumonidae at the Natural History Museum, London. The Biology 
Curator, 2, 15–17.

Nowacek, J.M. & Kiernan, J.A. (2010) Chapter 16. Fixation and tissue processing. In: Kumar, G.L. & Kiernan, J.A. (Eds.), 
Education guide: Special stains and H & E. 2nd Edition. Dako North America, Carpinteria, pp. 141–152. Available from:
http://www.dako.com/us/08066_special_stains_eduguide.pdf (accessed 14 April 2016)

Noyes, J.S. (1982) Collecting and preserving chalcid wasps (Hymenoptera: Chalcidoidea). Journal of Natural History, 16, 
315–334.
https://doi.org/10.1080/00222938200770261

Noyes, J. & Polaszek, A. (1989) Berlese or balsam? Antenna, 13, 2.
Nye, W.P. (1947) A simple method of mounting aphids. Pan-Pacific Entomology, 23, 73–74.
O’Brien, H.C. & Hance, R.T. (1940) A plastic cover glass, isobutyl methacrylate. Science, 91, 412.

https://doi.org/10.1126/science.91.2365.412-a
 Zootaxa 4321 (1)  © 2017 Magnolia Press  ·  165COLLECTION MANAGEMENT OF SLIDES



Orajay, J.I. (2005a) Processing and mounting of nematodes. In: Cruz, F.S. Jr. dela, Bergh, I. Van den, Waele, D. De, Hautea, 
D.M. & Molina, A.B. (Eds.), Towards management of Musa nematodes in Asia and the Pacific. Technical manual of the 
training workshop on enhancing capacity for nematode management in small-scale banana cropping systems. Held at the 
Institute of Plant Breeding, University of the Philippines, Los Baños, Laguna, Philippines, 1–5 December 2003, 
International Network for the Improvement of Banana and Plantain—Asia Pacific, Los Baños, Laguna, Philippines/
INIBAP, Montpellier, pp. 13–17.

Orajay, J.I. (2005b) Processing, mounting and identification of nematodes. In: Cruz, F.S. Jr. dela, Bergh, I. Van den, Waele, D. 
De, Hautea, D.M. & Molina, A.B. (Eds.), Towards management of Musa nematodes in Asia and the Pacific. Technical 
manual of the training workshop on enhancing capacity for nematode management in small-scale banana cropping 
systems. Held at the Institute of Plant Breeding, University of the Philippines, Los Baños, Laguna, Philippines, 1.–5. 
December 2003. International Network for the Improvement of Banana and Plantain—Asia Pacific, Los Baños, Laguna, 
Philippines. INIBAP, Montpellier, pp. 47–49.

Oosten, T.B. van (2002a) Crystals and crazes: degradation in plastics due to microclimates. Kölner Beiträge zur Restaurierung 
und Konservierung von Kunst- und Kulturgut, 15, 80–89.

Oosten, T.B. van (2002b) A survey of problems with early plastics. In: Mosk, J.A. & Tennent, N.H. (Eds.), Contributions to 
conservation. Research in conservation at the Netherlands Institute for Cultural Heritage. James and James, London, pp. 
87–96.

Ossiannilsson, F. (1958) “Celochloral”—a new mounting medium for insects. Entomologisk Tidskrift, 79, 2–5.
Palma, R.L. (1978) Slide-mounting of lice: a detailed description of the Canada balsam technique. The New Zealand 

Entomologist, 6, 432–436.
https://doi.org/10.1080/00779962.1978.9722313

Pastorelli, G. (2011) A comparative study by infrared spectroscopy and optical oxygen sensing to identify and quantify 
oxidation of Baltic amber in different ageing conditions. Journal of Cultural Heritage, 12, 164–168.
https://doi.org/10.1016/j.culher.2010.11.002

Pastorelli, G., Richter, J. & Shashoua, Y. (2011) Photoageing of Baltic amber—Influence of daylight radiation behind window 
glass on surface colour and chemistry. Polymer Degradation and Stability, 96, 1996–2001.
https://doi.org/10.1016/j.polymdegradstab.2011.08.013

Pastorelli, G., Richter, J. & Shashoua, Y. (2012) Evidence concerning oxidation as a surface reaction in Baltic amber. 
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 89, 268–269.
https://doi.org/10.1016/j.saa.2012.01.003

Pastorelli, G., Shashoua, Y. & Richter, J. (2013) Surface yellowing and fragmentation as warning signs of depolymerisation in 
Baltic amber. Polymer Degradation and Stability, 98, 2317–2322.
https://doi.org/10.1016/j.polymdegradstab.2013.08.009

Pauk, S. & Watering, J. van de (1993) Deacidification with Bookkeeper. Abbey Newsletter, 17, 1–2.
Pauly, S. (1999) Permeability and diffusion data. In: Brandrup, J., Immergut, E.H. & Grulke, E.A. (Eds.), Polymer handbook. 

Vol. 2. 4th Edition. Wiley-Interscience, Hoboken, pp. VI/543-VI/569.
Pawley, J.B. (2006) Fundamental limits in confocal microscopy. In: Pawley, J.B. (Ed.), Handbook of biological confocal 

microscopy. 3rd Edition. Springer Science + Business Media, New York, pp. 20–42.
https://doi.org/10.1007/978-0-387-45524-2_2

Perruche, L. (1933) Résines artificielles et nouveaux milieux de montagne. Bulletin de la Societé Française de Microscopie, 2, 
7–9.

Perry, J.S. (1954) A plastic lacquer substitute for coverslips. Quarterly Journal of Microscopical Science, 95, 159–161.
Perry, E.S., Miller, W.R. & Lindsay, S. (2015) Looking at tardigrades in a new light: Using epifluorescence to interpret 

structure. Journal of Microscopy, 257, 117–122.
https://doi.org/10.1111/jmi.12190

Pethe, A.M. & Joshi, S.B. (2013) Physicochemical, mechanical and film forming studies of novel biomaterial. International 
Journal of Pharmaceutical Sciences and Research, 4, 2761–2769.
https://doi.org/10.13040/IJPSR.0975-8232.4(7).2761-69

Petrie, E.M. (2007) Handbook of adhesives and sealants. 2nd Edition. McGraw-Hill Professional, New York, 1048 pp.
Pfannkuche, O. & Thiel, H. (1988) 9. Sample processing. In: Higgins, R.P. & Thiel, H. (Eds.), Introduction to the study of 

meiofauna. Smithsonian Institution Press, Washington, D.C., pp. 134–145.
Piechocki, R. & Händel, J. (1996) Makroskopische Präparationstechnik. Teil II. Wirbellose. 4th Edition. Gustav Fischer Verlag, 

Jena, 363 pp.
Piper, T. & Piper, J. (2014) Variable multimodal light microscopy with interference contrast and phase contrast; dark or bright 

field. Journal of Microscopy, 255, 30–41.
https://doi.org/10.1111/jmi.12134

Piston, D.W. (1998) Concepts in imaging and microscopy. Choosing objective lenses: The importance of numerical aperture 
and magnification in digital optical microscopy. The Biological Bulletin, 195, 1–4.

Poli, T., Piccirillo, A., Zoccali, A., Conti, C., Nervo, M. & Chiantore, O. (2014) The role of zinc white on the degradation of 
shellac resin in artworks. Polymer Degradation and Stability, 102, 138–144.

Prats-Muñoz, G., Malgosa, A., Isidro, A. & Galtés, I. (2015) Optimizing specimen processing for ancient soft tissue specimens. 
NEUHAUS ET AL.166  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press



Biotechnic and Histochemistry, 90, 278–287.
https://doi.org/10.3109/10520295.2014.989400

Pritchard, M.H. & Kruse, G.O.W. (1982) The collection and preservation of animal parasites. University of Nebraska Press, 
Lincoln, 141 pp.
https://doi.org/10.4269/ajtmh.1983.32.433

Pritchard, M.H. & Kruse, G.O.W. (1984) Making the best of things: Reclaiming specimens. Systematic Parasitology, 6, 253–
255.
https://doi.org/10.1007/bf00012201

Quate, L.W. & Steffan, W.A. (1966) An alternative method for mounting Phlebotomus and other small Diptera. Journal of 
Medical Entomology, 3, 126.

Quisumbing, E. (1931) Water glass as a medium for permanently mounting dissections of herbarium material. Torreya, 31, 45–
47.

Ramanna, M.S. (1973) Euparal as a mounting medium for preserving fluorescence of aniline blue in plant material. Stain 
Technology, 48, 103–105.
https://doi.org/10.3109/10520297309116595

Ravikumar, S., Surekha, R. & Thavarajah, R. (2014) Mounting media: An overview. Journal of Dr. NTR University of Health 
Sciences, 3, (Supplement 1), S1–S8.

Reid, G. (1994) 3 The preparation and preservation of collections. In: Stansfield, G., Mathias, J. & Reid, G. (Eds.), Manual of 
natural history curatorship. HMSO, London, pp. 28–69.

Ribeiro, H. (1962) Un nouveau milien de montage pour microscopie avec l’alcool vinylique polymérisé. Annales de 
Parasitologie Humaine et Comparee, 37, 677–681.

Ribeiro, H. (1967) A solidifiable formic acid-PVA solution for transporting, preserving and mounting mosquito larvae and 
pupae. Stain Technology, 42, 158160.

Richards, O.W. & Smith, J.A. (1938) Lucite not a substitute for Canada balsam when mounting microscope slides. Science, 37, 
374.
https://doi.org/10.1126/science.87.2260.374

Richards, W.R. (1964) A short method for making balsam mounts of aphids and scale insects. The Canadian Entomologist, 96, 
963–966.
https://doi.org/10.4039/ent96963-7

Richardson, D.T. (compiled by Gill, S.) (2014) Observations.  Available from: http://www.microscopy-uk.eu/diatomist/dtr.pdf 
(accessed 8 January 2016)

Rie, E.R. de la (1988a) Polymer stabilizers. A survey with reference to possible applications in the conservation field. Studies in 
Conservation, 33, 922.
https://doi.org/10.2307/1506236

Rie, E.R. de la (1988b) Photochemical and thermal degradation of films of dammar resin. Studies in Conservation, 33, 53–70.
https://doi.org/10.2307/1506303

Rie, E.R. de la & Shedrinsky, A.M. (1989) The chemistry of ketone resins and the synthesis of a derivative with increased 
stability and flexibility. Studies in Conservation, 34, 9–19.
https://doi.org/10.2307/1506155

Rieger, R.M. & Ruppert, E.E. (1978) Resin embedments of quantitative meiofauna samples for ecological and structural 
studies—description and application. Marine Biology, 46, 223235.
https://doi.org/10.1007/bf00390684

Robinet, L., Eremin, K., Cobo del Arco, B. & Gibson, L.T. (2004) A Raman spectroscopic study of pollution-induced glass 
deterioration. Journal of Raman Spectroscopy, 35, 662–670.
https://doi.org/10.1002/jrs.1133

Robinet, L. & Thickett, D. (2003) A new methodology for accelerated corrosion testing. Studies in Conservation, 48, 263–268.
https://doi.org/10.1179/sic.2003.48.4.263

Robinson, G.S. (1976) The preparation of slides of Lepidoptera genitalia with special reference to the Microlepidoptera. 
Entomologist's Gazette, 27, 127134.

Robson, M. (1992) Early advances in the use of acrylic resins for the conservation of antiquities. In: Allen, N.S., Edge, M. & 
Horie, C.V. (Eds.), Polymers in conservation. Royal Socociety of Chemistry. Special Publication 105. Bookcraft, 
Cambridge, pp. 184–192.

Roe, G.M., Cook, R. & North, C. (1991) An evaluation of mountants for use in forensic hair examination. Journal of the 
Forensic Science Society, 31, 5965.
https://doi.org/10.1016/s0015-7368(91)73118-6

Romeis, B. (1948) Mikroskopische Technik. 15th Edition. R. Oldenbourg, Munich, 695 pp.
Romero-Noguera, J., Bolívar-Galiano, F.C., Ramos-López, J.M. & Fernández-Vivas, M.A. (2008) Study of biodeterioration of 

diterpenic varnishes used in art painting: Colophony and Venetian turpentine. International Biodeterioration and 
Biodegradation, 62, 427–433.
https://doi.org/10.1016/j.ibiod.2008.03.014

Romero-Noguera, J., Martín-Sánchez, I., del Mar López-Miras, M., Ramos-López, J. M. & Bolívar-Galiano, F. (2010) 
 Zootaxa 4321 (1)  © 2017 Magnolia Press  ·  167COLLECTION MANAGEMENT OF SLIDES



Biodeterioration patterns found in dammar resin used as art material. Electronic Journal of Biotechnology, 13 (3), 7, 1–8.
https://doi.org/10.2225/vol13-issue3-fulltext-7

Rosen, D. & DeBach, P. (1979) Species of Aphytis of the world (Hymenoptera: Aphelinidae). Series Entomologica, 17, 1–801.
Rosenfeldt, G. (1984a) Hochbrechende Beobachtungs- und Einschlußmedien. Suchen und Finden. I. Bestimmung der 

Brechungsindizes. Mikrokosmos, 73, 214–216.
Rosenfeldt, G. (1984b) Hochbrechende Beobachtungs- und Einschlußmedien. Suchen und Finden. II. Hochbrechende 

Beobachtungsmedien. Mikrokosmos, 73, 245–247.
Rosenfeldt, G. (1984c) Hochbrechende Beobachtungs- und Einschlußmedien. Suchen und Finden. III. Hochbrechende 

Einschlußmedien. Mikrokosmos, 73, 285–287.
Rousselet, C. (1893) On a method of preserving Rotatoria. Journal of the Quekett Microscopy Club, Series 2, 5, 32, 205–209.
Rousselet, C.F. (1895) Second note on a method of preserving Rotatoria. Journal of the Quekett Microscopy Club, Series 2, 5, 

36, 5–13.
Ruffer, M.A. (1921) Studies in the palaeopathology of Egypt. University of Chicago Press, Chicago, 372 pp.
Rusek, J. (1975) Eine Präparationstechnik für Springschwänze and ähnliche Gliederfüßer. Mikrokosmos, 12, 378–381.
Russel, C.R. (1950) Mounting rotifers. The Microscope. The British Journal of Microscopy and Photomicroscopy. The 

Entomological Monthly, 8, 106107.
Russel, C.R. (1951) Mounting rotifers. The Microscope. The British Journal of Microscopy and Photomicroscopy. The 

Entomological Monthly, 8, 187.
Russel, C.R. (1961) A simple method of permanently mounting rotifer trophi. Journal of the Quekett Microscopy Club, 28, 

377–378.
Russel, S.J. (1989) Glass slide preservation of SEM mounted diatoms. Diatom Research, 4, 401–402.

https://doi.org/10.1080/0269249x.1989.9705084
Rutledge, C. (1954) A comparison of polyvinyl alcohol and a synthetic resin as mounting media for mites. Transactions of the 

Kansas Academy of Sciences, 57, 133–135.
https://doi.org/10.2307/3626010

Sabir, N. (1996) ‘Corseal’ a new coverslip ringing material for permanent slides. Indian Journal of Nematology, 26, 123124.
Sacher, R. (1984) Immersion oil for microscopy and related applications. United States Patent 4,465,621.  Available from: 

http://www.google.com/patents/US4465621 (accessed 3 February 2016)
Saito, Y., Osakabe, M., Sakagami, Y. & Yasui, Y. (1993) A method for preparing permanent specimens of mites with Canada 

balsam. Applied Entomology and Zoology, 28, 593–597.
Salmon, J.T. (1947) New methods in microscopy for the study of small insects and arthropods. Transactions of the Royal 

Society of New Zealand, 77, 250257.
Salmon, J.T. (1951a) Polyvinyl alcohol as a mounting medium in microscopy. The Microscope. The British Journal of 

Microscopy and Photomicroscopy. The Entomological Monthly, 8, 139–142.
Salmon, J.T. (1951b) Supplementary note on polyvinyl alcohol as a mounting medium. The Microscope. The British Journal of 

Microscopy and Photomicroscopy. The Entomological Monthly, 8, 172–173.
Salmon, J.T. (1954) A new polyvinyl alcohol mounting medium in microscopy. The Microscope. The British Journal of 

Microscopy and Photomicroscopy. The Entomological Monthly, 10, 66–67.
Sanderson, C., Emmanuel, J., Emmanual, J. & Campbell, P. (1988) A historical review of paraffin and its development as an 

embedding medium. Journal of Histotechnology, 11, 61–63.
https://doi.org/10.1179/his.1988.11.1.61

Sanderson, J.K.M. (1994) Biological microtechnique. Royal Microscopical Society, Microscopy Handbooks 28. Bios Scientific 
Publishers, Limited, 224 pp.

Sandison, A.T. (1966) Reconstitution of dried-up tissue specimens for histological examination. Journal of Clinical Pathology, 
19, 522–523.
https://doi.org/10.1136/jcp.19.5.522

Sartory, P.K. (1949) The effects of cover glass thickness on the spherical corrections of objectives. The Microscope. The British 
Journal of Microscopy and Photomicroscopy. The Entomological Monthly, 7, 122–126.

Scalarone, D., Lazzari, M. & Chiantore, O. (2002) Ageing behaviour and pyrolytic characterization of diterpenic resins used as 
art materials: Colophony and Venice turpentine. Journal of Analytical and Applied Pyrolysis, 64, 345–361.
https://doi.org/10.1016/s0165-2370(02)00046-3

Scalarone, D., Lazzari, M. & Chiantore, O. (2003a) Ageing behaviour and analytical pyrolysis characterization of diterpenic 
resins used as art materials: Manila copal and sandarac. Journal of Analytical and Applied Pyrolysis, 68–69, 115–136.
https://doi.org/10.1016/s0165-2370(03)00005-6

Scalarone, D., Horst, J. van der, Boon, J.J. & Chiantore, O. (2003b) Direct-temperature mass spectrometric detection of volatile 
terpenoids and natural terpenoid polymers in fresh and artificially aged resins. Journal of Mass Spectrometry, 38, 607–617.
https://doi.org/10.1002/jms.470

Scalarone, D., Duursma, M.C., Boon, J.J. & Chiantore, O. (2005) MALDI-TOF mass spectrometry on cellulosic surfaces of 
fresh and photo-aged di- and triterpenoid varnish resins. Journal of Mass Spectrometry, 40, 1527–1535.
https://doi.org/10.1002/jms.893

Schauff, M.E. (1985) Slide mounting of types. Chalcid Forum, 5, 4–5.
NEUHAUS ET AL.168  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press



Schiller, E. (1949) Ein neues Einschlußmittel für histologische Präparate. Naturwissenschaften, 36, 319.
https://doi.org/10.1007/bf00590339

Schmid, T., Jungnickel, R., Neuhaus, B., Riedel,, J., Kneipp,, J. & Lüter, L. (2016) Raman spectroscopy as a tool for the 
collection management of microscope slides. Zoologischer Anzeiger, 265, 178–190.
https://doi.org/10.1016/j.jcz.2016.07.002

Smith, M. (2003) Notes on Aroclor. The Amateur Diatomist, 2, 44–45.
Schmode, R. (1989) Ein harzartiges Einschlußmittel—selbst hergestellt. Mikrokosmos, 78, 158.
Schmolke, C. (1993) Effects of mounting media on fading of Toluidine blue and Pyronin G staining in epoxy sections. 

Biotechnic and Histochemistry, 68, 132–136.
https://doi.org/10.3109/10520299309104682

Schmölzer, K. (1960) Ein neues Verfahren zur Herstellung mikroskopischer Dauerpräparate von Landmilben. Mikrokosmos, 
49, 95–96.

Scott, T.L. (1951) Wanted—an ideal mounting medium. The Microscope. The British Journal of Microscopy and 
Photomicroscopy. The Entomological Monthly, 8, 206–210.

Selwitz, C. (1988) Cellulose nitrate in conservation. Research in Conservation 2. Getty Conservation Institute, Marina del Ray, 
California, 69 pp.

Senior, W. (1970) Polyester resin as a mounting medium for light microscopy. Journal of Microscopy, 91, 207–210.
https://doi.org/10.1111/j.1365-2818.1970.tb02224.x

Setterington, R. (1953) VI.—The specifications of a standard microscope cover-glass. Journal of the Royal Microscopical 
Society, 73, 69–76.
https://doi.org/10.1111/j.1365-2818.1953.tb02350.x

Shashoua, Y. (2008) Conservation of plastics. Materials science, degradation and preservation. Butterworth-Heinemann, 
Oxford, 286 pp.

Shashoua, Y., Bradley, S.M. & Daniels, V.D. (1992) Degradation of cellulose nitrate adhesive. Studies in Conservation, 37, 
113–119.
https://doi.org/10.2307/1506403

Shashoua, Y. & Rugheimer, A. (1998) An evaluation of the use of cellulose ethers in paper conservation at the British Museum. 
In: IPC Conference Papers London 1997: Proceedings of the Fourth International Conference of the Institute of Paper 
Conservation, 6–9 April 1997, pp. 150–159.

Shepherd, E.S. (1918) A substitute for Euparal. Transactions of the American Microscopical Society, 37, 131–132.
Shirayama, Y., Kaku, T. & Higgins, R.P. (1993) Double-sided microscopic observation of meiofauna using an HS-slide. 

Benthos Research, 44, 4144. [in Japanese with English title and abstract]
Silverman, M. (1986) Light-polymerizing plastics as slide mounting media. Stain Technology, 61, 135–137.

https://doi.org/10.3109/10520298609110722
Simon, J.E., Villani, T. & Koroch, A. (2015) Clearing agent and mounting medium for microscopy. United States patent 

20150147779 A1. Available from: http://www.google.com/patents/US20150147779 (accessed 29 March 2016)
Singer, G. (1967) A comparison between different mounting techniques commonly employed in acarology. Acarologia, 9, 475–

484.
Skene, D.S. (1969) The effect of refractive index of the mounting medium on the apparent diameter of latex particles and glass 

fibres. Journal of Microscopy, 89, 63–71.
https://doi.org/10.1111/j.1365-2818.1969.tb00650.x

Skiles, B.F. & Georgi, C.E. (1937) The use of synthetic resins in the preparation of permanent bacterial mounts. Science, 85, 
367–368.
https://doi.org/10.1126/science.85.2206.367

Smith, G.M. (1915) The development of botanical microtechnique. Transactions of the American Microscopical Society, 34, 
71–129.
https://doi.org/10.2307/3221940

Smith, L. (1966) Dimethyl hydantoin formaldehyde resin as a mounting medium for nematodes. Nematologica, 12, 177.
https://doi.org/10.1163/187529266x00220

Smith, P.S. III & Tyler, S. (1984) Serial-sectioning of resin-embedded material for light microscopy recommended techniques 
for micro-metazoans. Mikroskopie, 41, 259–270.

Sørensen, M.V. & Pardos, F. (2008) Kinorhynch systematics and biology—an introduction to the study of kinorhynchs, 
inclusive identification keys to the genera. Meiofauna Marina, 16, 21–73.

Southgate, H.W. (1923) XXII.—A suggested substitute for Canada balsam as a mounting medium. Journal of the Royal 
Microscopical Society, 43, 311–314.

Spence, D.S. (1939) Notes on mounting I. The Microscope. The British Journal of Microscopy and Photomicroscopy. The 
Entomological Monthly, 4, 29–32 & 44.

Spence, D.S. (1940a) Notes on mounting II. The Microscope. The British Journal of Microscopy and Photomicroscopy. The 
Entomological Monthly, 4, 57–59.

Spence, D.S. (1940b) Notes on mounting III. The Microscope. The British Journal of Microscopy and Photomicroscopy. The 
Entomological Monthly, 4, 113–122.
 Zootaxa 4321 (1)  © 2017 Magnolia Press  ·  169COLLECTION MANAGEMENT OF SLIDES



Spence, D.S. (1940c) Notes on mounting IV. The Microscope. The British Journal of Microscopy and Photomicroscopy. The 
Entomological Monthly, 4, 141–145.

Spence, D.S. (1940d) Notes on mounting V. The Microscope. The British Journal of Microscopy and Photomicroscopy. The 
Entomological Monthly, 4, 197–201.

Spence, D.S. (1941a) Notes on mounting VII. The Microscope. The British Journal of Microscopy and Photomicroscopy. The 
Entomological Monthly, 4, 266–272.

Spence, D.S. (1941b) Notes on mounting VIII. The Microscope. The British Journal of Microscopy and Photomicroscopy. The 
Entomological Monthly, 4, 286–292.

Spinell, B.M. & Loveland, R.P. (1960) Optics of the object space in microscopy. Journal of the Royal Microscopical Society, 
79, 59–80.
https://doi.org/10.1111/j.1365-2818.1959.tb04454.x

Spurr, A.R. (1954) Polyvinyl alcohol with cadmium iodide and fructose as an aqueous mounting medium. Stain Technology, 29, 
301–313.
https://doi.org/10.3109/10520295409115494

Staruk, J.E. (1985) Experience with a xylene substitute. Laboratory Medicine, 16, 32–34.
https://doi.org/10.1093/labmed/16.1.32

Steedman, H.F. (1958) Dimethyl hydantoin formaldehyde: a new water-soluble resin for use as a mounting medium. Quarterly 
Journal of Microscopical Science, 99, 451–452.

Steedman, H.F. (1976a) General and applied data on formaldehyde fixation and preservation of marine zooplankton. In: 
Steedman, H.F. (Ed.), Zooplankton fixation and preservation. The Unesco Press, Paris, pp. 103–154.

Steedman, H.F. (1976b) Miscellaneous preservation techniques. In: Steedman, H.F. (Ed.), Zooplankton fixation and 
preservation. The Unesco Press, Paris, pp. 175–181.

Steedman, H.F. (1976c) Permanent mounting media. In: Steedman, H.F. (Ed.), Zooplankton fixation and preservation. The 
Unesco Press, Paris, pp. 189–195.

Stehr, F.W. (1987) Techniques for collecting, rearing, preserving, and studying immature insects. In: Stehr, F.W. (Ed.), 
Immature insects. Kendall/Hunt Publ. Comp., Dubuque, Iowa, pp. 7–18.

Stelzer, G.I. & Klug, E.D. (1980) Carboymethylcellulose. In: Davidson, R.L. (Ed.), Handbook of water-soluble gums and 
resins. McGraw-Hill, New York, pp. 4.1–4.28.

Sterflinger, K. (2010) Fungi: Their role in deterioration of cultural heritage. Fungal Biology Review, 24, 47–55.
Stern, S.A. & Fried, J.R. (2007) Permeability of polymers to gases and vapors. In: Mark, J.E. (Ed.), Physical properties of 

polymers handbook. 2nd Edition. Springer & Business Media, New York, pp. 1033–1047.
https://doi.org/10.1007/978-0-387-69002-5_61

Sterrenburg, F.A.S. (1990) Diatom collections—legacy or legend? Diatom Research, 5, 425–427.
Stock, J.H. & Vaupel Klein, J.C. von (1996) Mounting media revisited: The suitability of Reyne’s fluid for small crustaceans. 

Crustaceana, 69, 794–798.
https://doi.org/10.1163/156854096x00826

Stosch, H.A. von (1952) Die Verwendung von Chloralhydrat oder Phenol zur Aufhellung von Phenol-Balsam als 
Einschlußmittel für Essigkarminpräparate. Der Züchter, 22, 269–272.
https://doi.org/10.1007/bf00710362

Stosch, H.-A. von (1974) Pleurax: Its synthesis and application to the mounting and clearing for cell walls of diatoms, 
dinoflagellates and other algae, and its use in a new method of electively staining dinoflagellate armours. Archiv für 
Protistenkunde, 116, 132–141. [in German]

Streble, H. (1963) Ersatz für Deckgläser: Diatex. Mikrokosmos, 52, 222.
Strlič, M., Kralj Cigić, I., Možir, A., Bruin, G. de, Kolar, J. & Cassar, M. (2011) The effect of volatile organic compounds and 

hypoxia on paper degradation. Polymer Degradation and Stability, 96, 608–615.
https://doi.org/10.1016/j.polymdegradstab.2010.12.017

Sturm, C.F. (2006) Chapter 5. Archival and curatorial methods. In: Sturm, C.F. & Pearce, T.A. & Valdés, A. (Eds.), The 
mollusks. A guide to their study, collection, and preservation. Universal Publishers, Boca Raton, pp. 45–58.

Susaki, E.A., Tainaka, K., Perrin, D., Kishino, F., Tawara, T., Watanabe, T.M., Yokoyama, C., Onoe, H., Eguchi, M., 
Yamaguchi, S., Abe, T., Kiyonari., H., Shimizo, Y., Miyawaki, A., Yokota, H. & Ueda, H.R. (2014) Whole-brain imaging 
with single-cell resolution using chemical cocktails and computational analysis. Cell, 157, 726–739.

Sutherland, K. & Río, J.C. de (2014) Characterisation and discrimination of various types of lac resin using gar 
chromatography mass spectrometry techniques with quarternary ammonium reagents. Journal of Chromatography A, 
1338, 149–163.
https://doi.org/10.1016/j.chroma.2014.02.063

Swan, D.C. (1936) Berlese's fluid: Remarks upon its preparation and use as a mounting medium. Bulletin of Entomological 
Research, 27, 389–391.
 https://doi.org/10.1017/s0007485300058259

Taft, C.E. (1978) A mounting medium for fresh water plankton. Transactions of the American Microscopical Society, 97, 263–
264. 
https://doi.org/10.2307/3225605
NEUHAUS ET AL.170  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press



Taft, C.E. (1983) A double coverslip method for preparing permanent algae slides. Transactions of the American Microscopical 
Society, 104, 399400. 
https://doi.org/10.2307/3225853

Tagestad, A.D. (1976) A technique for slide preparation of aphids, scales, and insect genitalia and larvae. USDA Forest Service 
research note RM, Rocky Mountain Forest and Range Experiment Station (U.S.), 327, 1–3.

Tainaka, K., Kubota, S.I., Suyama, T.Q., Susaki, E.A., Perrin, D., Ukai-Tadenuma, M., Ukai, H. & Ueda, H.R. (2014) Whole-
body imaging with single-cell resolution by tissue decolorization. Cell, 159, 911–924.
https://doi.org/10.1016/j.cell.2014.10.034

Tanaka, T. (1988) Immersion oil composition having low fluorescence emissions for microscope. United States patent 
4,789,490. Available from: http://www.google.com/patents/US4789490 (accessed 3 February 2016)

Taylor, H.L. (2005) Chapter 14a. The Taylor permanent microscope slide. In: Taylor, H.L. Rotifers. Habitat to archival slide: 
Laboratory and field methods for working with rotifers and other microinvertebrates. Taylor Laboratory, Serbin Printing 
Inc., Sarasota, 8 pp.

Taylor, J.S. (1989) Acrylic reactions—Ten years’ experience. Current Topics in Contact Dermatitis, 1989, 346–351.
https://doi.org/10.1007/978-3-642-74299-6_73

Ternant, P. de (1935) Some uncomputed factors in the problem of permanent fluid mounting. Journal of the Quekett 
Microscopy Club, Series 3, 1, 139–152.

Terwen, P.A. (1983) The mending of stained glass: A technical instruction. In: Tate, J.O., Tennant, N.H. & Townsend, J.H. 
(Eds.), The Proceedings of the Symposium “Resins in Conservation” held at the University of Edinburgh. 21st–22nd May 
1982, Edinburgh, pp. 1–5 (11-1-11-5).

Tétreault, J. & Stamatopoulou, E. (1997) Determination of concentrations of acetic acid emitted from wood coatings in 
enclosures. Studies in Conservation, 42, 141–156.
https://doi.org/10.2307/1506710

Thatcher, V.E. (1987) Hope for HYP. Monoculus Copepod Newsletter, 15, 20–23.
Thickett, D. Cruickshank, P. & Ward, C. (1995) The conservation of amber. Studies in Conservation, 40, 217–226.

https://doi.org/10.2307/1506496
Thompson, J.R., Thompson, M.H. & Drummond, S. (1966) A method for restoring dried crustacean specimens to 

taxonomically usable condition. Crustaceana, 10, 109.
https://doi.org/10.1163/156854066x00117

Thorne, G. (1935) Notes on free-living and plant-parasitic nematodes. II. Proceedings of the Helminthological Society of 
Washington, 2, 96–98.

Thornton, J., Hendrickson, B. & Harralson, C. (1985) Tolerance and uniformity of microscope coverslips. Microscope, 33, 
179–185.

Traeger, R.K. (1976) Hermeticity of polymeric lid sealants. Proceedings of the Electronic Components Conference, 26, 361–
367.
https://doi.org/10.1109/tphp.1977.1135193

Travis, B.V. (1968) Glyptal—a useful slide ringing compound. Journal of Medical Entomology, 5, 24.
https://doi.org/10.1093/jmedent/5.1.24

Turner, P.J. & Holtom, D.B. (1981) the use of a fabric softener in the reconstitution of mummified tissue prior to paraffin wax 
sectioning for light microscopical examination. Stain Technology, 56, 35–38.
https://doi.org/10.3109/10520298109067272

Upton, M.S. (1993) Aqueous gum-chloral slide mounting media: an historical review. Bulletin of Entomological Research, 83, 
267–274.
https://doi.org/10.1017/s0007485300034763

Valentine-Baars, A. & Kerbey, H. (2014) Historic thin sections—crazy to conserve? Poster at Geo-Material Sample Preparation 
for Microscopy Workshop, Department of Earth Sciences, University of Oxford, 11th September 2014, organized by the 
Royal Microscopical Society. Available from: https://www.researchgate.net/publication/268683951 (accessed 7 July 2016)

Van Cleave, H.J. & Ross, J.A. (1947a) A method for reclaiming dried zoological specimens. Science, 105, 318.
https://doi.org/10.1126/science.105.2725.318

Van Cleave, H.J. & Ross, J.A. (1947b) Use of trisodium phosphate in microscopical technic. Science, 106, 194.
https://doi.org/10.1126/science.106.2748.194

Van Heurck, H. (1898) Médiums pour l’étude des diatomées. Zeitschrift für angewandte Mikroskopie, 3, 285–297.
Varićak, T. & Pejoski, B. (1951) Production of pine resin balsams for microscopical and optical uses. Stain Technology, 26, 

225–229.
https://doi.org/10.3109/10520295109113213

Veer, J. van der (1982) Simple and reliable methods for the fixation, mounting and staining of small and delicate marine 
plankton for light microscopical identification. Marine Biology, 66, 9–14.
https://doi.org/10.1007/bf00397249

Vermathen, H. (1993) Einbettung von Pflanzengewebe in Kunststoffe. Mikrokosmos, 82, 235–242.
Villani, T.S., Koroch, A.R. & Simon, J.E. (2013) An improved clearing and mounting solution to replace chloral hydrate in 

microscopic applications. Applied Plant Science, 1 (5), 1–5.
 Zootaxa 4321 (1)  © 2017 Magnolia Press  ·  171COLLECTION MANAGEMENT OF SLIDES



https://doi.org/10.3732/apps.1300016
Vogt, K.D. (1991) Reconstituting dehydrated museum specimens. Curator, 34, 125–131.

https://doi.org/10.1111/j.2151-6952.1991.tb01461.x
Vogt, K.D. (1998) The reconstitution of dehydrated museum specimens II. The Biology Curator, 13, 6.
Vogt, K.D. (2001) The reconstitution of dehydrated museum specimens III. The Biology Curator, 20, 125–131.
Volkmann-Kohlmeyer, B. & Kohlmeyer, J. (1996) How to prepare truly permanent microscopic slides. Mycologist, 10, 107–

108.
https://doi.org/10.1016/s0269-915x(96)80068-1

Waddington, J. & Fenn, J. (1988) Preventive conservation of amber: Some preliminary investigations. Collection Forum, 4, 
25–31.

Wagstaffe, R. & Fidler, J.H. (1955) The preservation of natural history specimens. Vol. 1. Invertebrates. H.F. & G. Witherby, 
London, 205 pp.

Wahl, D.B. (1989) Further notes on preparation of exuviae of parasitic Hymenoptera. Entomology News, 100, 181–182.
Waller, R.A. & Eschmeyer, W.N. (1965) A method for preserving color in biological specimens. BioScience, 15, 361.

https://doi.org/10.2307/1293493
Wallington, E.A. (1979) Artifacts in tissue sections. Medical Laboratory Sciences, 36, 3–61.
Walter, D.E. & Krantz, G.W. (2009) Collection, rearing, and preparing specimens. In: Krantz, G.W. & Walter, D.E. (Eds.), A 

manual of acarology. 3rd Edition. Texas Tech University Press, Lubbock, pp. 83–96.
Wang, S., Kong, L., An, Z., Chen, J., Wu, L. & Zhou, X. (2011) An improved Oddy test using metal films. Studies in 

Conservation, 56, 138–153.
https://doi.org/10.1179/sic.2011.56.2.138

Ward, T.J. (1953) Old glycerine mounts. The Microscope. The British Journal of Microscopy and Photomicroscopy. The 
Entomological Monthly, 9, 200.

Webb, K. (1997) Slide mounting diatoms. The Biology Curator, 8, 10–11.
Wehner, E. (2003) PlasDIC, an innovative relief contrast for routine observation in cell biology. GIT Imaging and Microscopy, 

4, 23.
Weintraub, S., Wolf, S.J. & Raphael, T. (1995) Macro- and microenvironments. In: Rose, C.L., Hawks, A.A. & Genoways, 

H.H. (Eds.), Storage of natural history collections: A preventive approach. Vol. 1. York Graphics, York, pp. 123–134.
Weippert, H.-J. (1998) Immersion oil. United States patent 5,817,256. Available from: http://www.google.com/patents/

US5817256 (accessed 3 February 2016)
Wells, J. (1978) The use of nail varnish in microscopy. Microscopy, 33, 274–277.
Welsby, F.W. (1951) Experiments with Canada balsam. The Microscope. The British Journal of Microscopy and 

Photomicroscopy. The Entomological Monthly, 8, 255–258.
Wenger, J.B. (1985) Tissue section transfer and slide repair. Histo-Logic Technical Bulletin for Histotechnology, 15, 244–245.
Westheide, W. & Purschke, G. (1988) 10. Organism processing. In: Higgins, R.P. & Thiel, H. (Eds.), Introduction to the study of 

meiofauna. Smithsonian Institution Press, Washington, D.C., pp. 146–160.
White, G.W. (1970) A survey of refractive indices. Microscopy, 31, 257–266.
White, G.W. (1974) The correction of tubelength to compensate for coverglass thickness variations. Microscopy, 32, 411–420.
Wicks, L.F., Carruthers, C. & Ritchey, M.G. (1946) The piccolyte resins as microscopic mounting media. Stain Technology, 21,

121–126.
https://doi.org/10.3109/10520294609110056

Wiggins, K. & Drummond, P. (2007) Identifying a suitable mounting medium for use in forensic fibre examination. Science 
and Justice, 47, 2–8.
https://doi.org/10.1016/j.scijus.2006.10.001

Wilkey, R.F. (1990) 1.5.1 Collection, preservation and microsclide mounting. In: Rosen, D. (Ed.), Armoured scale insects, their 
biology, natural enemies and control. World Crop Pests. Vol. 4A. Elsevier, Amsterdam, pp. 345–352.

Williams, R.S., Brooks, A.T., Williams, S.L. & Hinrichs, R.L. (1998) Guide to the identification of common clear plastic films. 
SPNHC Leaflets, 3, 1–4.

Williams, R.S., Waddington, J.B. & Fenn, J. (1990) Infrared spectroscopic analysis of Central and South American amber 
exposed to air pollutants, biocides, light, and moisture. Collection Forum, 6, 65–75.

Williams, S.L., Monk, R.R. & Arroyo-Cabrales, J. (1996) Applying McGinley’s model for collection assessment to collections 
of Recent vertebrates. Collection Forum, 12, 21–35.

Wilson, G.B. (1945) The Venetian turpentine mounting medium. Stain Technology, 20, 133–135.
https://doi.org/10.3109/10520294509107150

Wilson, G.J. (1971) A method for the recovery of mounted palynological residues. Mercian Geologist, 4, 139–141.
Winborn, W.B. & Guerrero, D.L. (1974) The use of a single tissue specimen for both transmission and electron microscopy. 

Cytobios, 10, 83–91.
Wirth, W.W. & Marston, N. (1968) A method of mounting small insects on microscope slides in Canada balsam. Annals of the 

Entomological Society of America, 61, 783–784.
https://doi.org/10.1093/aesa/61.3.783

Witte, E. de (1976) Polyvinyl alcohol. Some theoretical and practical informations for restorers. Bulletin Institut Royal du 
NEUHAUS ET AL.172  ·  Zootaxa 4322 (1)  © 2017 Magnolia Press



Patrimoine Artistique, 16, 120–129.
Witte, E. de (1983) Resins in conservation: Introduction to their properties and applications. In: Tate, J.O., Tennant, N.H. & 

Townsend, J.H. (Eds.), The Proceedings of the Symposium “Resins in Conservation” held at the University of Edinburgh. 
21st–22nd May 1982, Edinburgh, pp. 1–6 (1-1-1-6).

Woelke, O. & Göke, G. (1984) Polyvinyllactophenol—Ein bewährtes Einschlußmittel für Milben und Kleininsekten. 
Mikrokosmos, 73, 209–214.

Woessner, E. (2005) Alt—Uralt—Antiquität? Der Freizeit-Mikroskopiker als Restaurator von Dauerpräparaten. Mikrokosmos, 
94, 215–217.

Womersley, H. (1939) Primitive insects of South Australia. Silverfish, springtails, and their allies. Frank Trigg, Government 
Printer, Adelaide, 309 pp.

Womersley, H. (1943) A modification of Berlese's medium for the microscopic mounting of Acarina and other small 
arthropods. Transactions of the Royal Society of South Australia, 67, 181–182.

Wu, K.W. (1986) Review of the polyethylene bottle applicator technique for sealing microslide preparations of mites. 
International Journal of Acarology, 12, 87–89.
https://doi.org/10.1080/01647958608683447

Wynnchuk, M. (1994) Evaluation of xylene substitutes for paraffin tissue embedding. Journal of Histotechnology, 17, 143–149.
Wypych, G. (2012) Handbook of polymers. Chem Tec Publishing, Toronto, 684 pp. Available from: http://

www.sciencedirect.com/science/book/9781895198478 (accessed 7 July 2016)
Wypych, G. (2013) Handbook of material weathering. Chem Tec Publishing, Toronto, Canada. 5th edition. 827 pp. Available 

from: http://www.sciencedirect.com/science/book/9781895198621 (accessed 7 July 2016)
Yoder, M., Tandingan De Ley, I., King, I.W., Mundo-Ocampo, M., Mann, J., Blaxter, M., Poiras, L. & De Ley, P. (2006) DESS: 

A versatile solution for preserving morphology and extractable DNA of nematodes. Nematology, 8, 367–376.
https://doi.org/10.1163/156854106778493448

Yu, M.M.L. & Sandercock, P.M.L. (2012) Principal component analysis and analysis of variance on the effect of Entellan new 
on the Raman spectra of fibers. Journal of Forensic Science, 57, 70–74.
https://doi.org/10.1111/j.1556-4029.2011.01951.x

Zander, R.H. (1983) A rapid microscopic mounting medium for delicate bryophytes. Taxon, 32, 618–620.
https://doi.org/10.2307/1221734

Zander, R.H. (1997) On mounting delicate bryophytes in glycerol. Bryologist, 100, 380–382.
https://doi.org/10.2307/3244509

Zander, R.H. (2014) Four water-soluble mounting media for microslides. Phytoneuron, 32, 1–4.
Zimmerman, M.R. (1972) Histological examination of experimentally mummified tissues. American Journal of Physical 

Anthropology, 37, 271–280.
https://doi.org/10.1002/ajpa.1330370212

Zimmerman, M.R. (1976) Rehydration of accidentally desiccated pathology specimens. Laboratory Medicine, 7, 13–17.
https://doi.org/10.1093/labmed/7.5.13

Zimmerman, Y. (1963) A synthetic medium to replace coverslips. American Journal of Clinical Pathology, 40, 454–455.
Zirkle, C. (1937) Aceto-carmin mounting media. Science, 85, 528.

https://doi.org/10.1126/science.85.2213.528
Zirkle, C. (1940) Combined fixing, staining and mounting media. Stain Technology, 15, 139–153.

https://doi.org/10.3109/10520294009110339
Zölffel, M. (2011) The clean microscope. Carl Zeiss Microscopy GmbH, 17 pp. Company brochure 50-1-0025/e, printed 06/11. 

Available from:  
http://www.zeiss.com/microscopy/en_us/downloads/brochure-downloads.html?catalog=knowledge&page=2 (accessed 3 
March 2015)
 Zootaxa 4321 (1)  © 2017 Magnolia Press  ·  173COLLECTION MANAGEMENT OF SLIDES


	Table of contents
	Abstract
	1. Introduction
	2. Material and methods
	3. Results and discussion
	3.1 Specimen processing
	3.1.1 Primary fixation and preservation
	3.1.2 Chemical maceration
	3.1.3 Physical clearing
	3.1.4 Staining
	3.2 Storage
	3.2.1 Environmental factors
	3.2.2 Cabinets
	3.2.3 Trays
	3.2.4 Horizontal versus vertical storage
	3.2.5 Taxonomic arrangement
	3.2.6 Multiple-specimen slides
	3.3 Collection management
	3.3.1 Profiling of slide collection
	3.3.2 Loan of slides
	3.3.3 Cleaning of slides
	3.3.4 Documentation and curation
	3.4 Slides
	3.4.1 History of slides
	3.4.2 Variety of slides
	3.4.3 Glass slides
	3.4.4 Double-coverslip mounts
	3.5 Spacers
	3.6 Coverslips
	3.7 Mounting media
	3.7.1 General aspects of mounting media
	3.7.2 Permeability of polymers for gases and vapors
	3.7.3 Refractive index of mounting media
	3.7.4 Liquid mounting media (formaldehyde, lactophenol, glycerol, Zeiss W15)
	3.7.5 Caedax, Caedax A, Caedax 547
	3.7.6 Canada balsam
	3.7.7 Celodal, Celochloral
	3.7.8 C-M Medium and CMC / CMCP
	3.7.9 Cyanoacrylate
	3.7.10 DPX / DePeX
	3.7.11 Epoxy resins (Araldite, Epon™, Spurr’s resin)
	3.7.12 Euparal
	3.7.13 Glycerol-gelatin
	3.7.14 Gum-chloral media
	3.7.15 Permount™
	3.7.16 Polyacrylates and polymethacrylates
	3.7.17 Polyester
	3.7.18 Poly(vinyl acetate) copolymers
	3.7.19 Poly(vinyl alcohol)
	3.7.20 Silicone rubber
	3.7.21 Visikol™
	3.7.22 Water-glass-Glycerol
	3.7.23 Zeiss W15, L15, and L25
	3.7.24 Media with a high refractive index (Aroclor®, Coumarone, Hyrax, Naphrax™, Novolacs, Pleurax, Styrax)
	3.7.25 Fungi
	3.7.26 Discoloration
	3.8 Coverslip seals
	3.8.1 General aspects of coverslip seals
	3.8.2 Araldite
	3.8.3 Asphaltum
	3.8.4 Canada balsam
	3.8.5 Corseal
	3.8.6 Glyptal
	3.8.7 Glyceel (= Zut, Thorne ringing compound)
	3.8.8 Liquid electrical tape
	3.8.9 Nail varnish
	3.8.10 Norland Optical Adhesive 61 (= NOA 61)
	3.8.11 Paraffin
	3.8.12 p-Phenyl phenol formaldehyde resin
	3.8.13 Sealing wax varnish
	3.8.14 Shellac
	3.8.15 Silicone rubber
	3.8.16 White lacquer
	3.9 Labels
	3.9.1 General aspects of labels
	3.9.2 Label paper
	3.9.3 Inscribing
	3.9.4 Glue
	3.9.5 Storage of old labels
	3.10 Restoration procedures
	3.10.1 General considerations for restoration
	3.10.2 Restoration of broken glass slides
	3.10.3 Restoration of slides—labels
	3.10.4 Problems with mounting medium—general considerations
	3.10.5 Problems with liquid mounting media—re-hydration of specimens
	3.10.6 Problems with water-soluble mounting media
	3.10.7 Problems with hydrocarbon-soluble mounting media
	3.10.8 Overly macerated specimens
	3.11 Alternatives to microscope slides
	3.12 Digitization of microscope slides
	3.13 Study of specimens and documentation
	3.13.1 Microscope equipment
	3.13.2 Optical surfaces, immersion oil
	3.13.3 Documentation
	4. Concluding remarks
	4.1 Mounting medium and coverslip seal: durability versus reversibility
	4.2 Future studies
	4.3 Outlook
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


