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Press Release 
Toronto November 9th, 1987 

Burrowes Manufacturing Limited of Toronto is pleased to announce the 
appointment of Ken Edmonds as Vice President, Product Development. Mr. 
Edmonds brings to Burrowes thirty years of experience in the design and 
marketing of steel storage products. His expertise in the storage of artifacts 
and collectables has been widely sought by the museum community. He has 
worked closely with the Smithsonian Institute and the new Museum of 
Civilization in Ottawa. Mr. Edmonds, formerly of Montreal, will continue 
to live and maintain a corporate office in Ottawa. 

Burrowes Manufacturing Limited, established in 1910, currently 
manufactures the trade mark Banner-Stor line of Modular drawer storage 
cabinets, also Museum Collection Cabinets and will shortly introduce a 
versatile line of shelving and shop equipment products designed to lead 
industry into the twenty first century. 

Available now for your special needs. 

Call: 

Ken Edmonds 
Burrowes Manufacturing Limited 
40 Huntview Private 
Ottawa, Ontario 
Canada K1V 0M5 
Tel. (613)738-2017 

SCIENTISTS — BIOLOGISTS 
DO YOU THINK YOUR WORK OR PROCESS IS AT A 

ST A CE WHERE IT MIGHT BE COMMERCIAL!. Y 
DEVELOPED? 

DELVE INC. is a specialist in taking laboratory bench-top work and turning it 
into a commercially viable process, in a company atmosphere that rewards 
the people that did the technical work. 

DELVE INC. is presently doing this for a flower preservation technique 
developed at Queen's University, Kingston, Canada. 

Could DELVE INC. do this for your work. 

Find out. Wri te, without obligation, to: 

DELVE INC. 
Attn: P. Blaney, MBA. 

or T.J. Racey, Ph.D 
Box 96 

Kingston, Ontario 
K7L 4V6 
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Who Are The Bosses? 

Natural history collections are integral parts of society. People of any land depend 
upon plants, animals and minerals for food, clothing and housing. Thus, biological 
communities were, are, and will be important for the survival of human populations, 
while the members themselves of the community fight for their own survival. 
Extinction of animals, plants, and minerals has and will continue as humans require 
additional land and resources for civilized purposes. 

The natural history heritage resources of any land or water consist of two 
things, 1) those living communities that are both normal and/or unique to certain 
geographical regions of the world and, 2) those plants, fossils and minerals, i.e., 
heritage archives that exist in museums, universities, colleges and private homes, but 
which originally came from certain geographical regions of the world. 

Certain well-disciplined individuals made extensive collections of animals, plants 
or minerals which now exist as valuable heritage archives. These specimens were 
collected with only the best interests at heart. Only secondarily did they become 
valuable as heritage archives. Heritage archives created the most important and 
significant museums of the world. The collections were collected by specific 
individuals but then taken over for management purposes by various political entities. 

Today there are a hodgepodge of governing authorities who manage the important 
natural history heritage archives of the world. I will restrict my examples to Canadian 
institutions, which I know best, but certainly other countries have similar arrange­
ments. The British Columbia Provincial Museum, which possesses collections of botany 
and zoology as well as archaeology, ethnology, history and linguistics, is governed by 
the British Columbia Department of Tourism, Recreation and Culture. The Provincial 
Museum of Alberta, which possesses collections of botany, geology and zoology, as well 
as archaeology, art, ethnology, history, folk life materials and Indian materials, is 
governed by the Alberta Department of Culture and Multiculturalism. The Royal 
Ontario Museum, which possesses collections of entomology, invertebrate zoology, 
geology, ichthyology, herpetology, invertebrate palaeontology, mammalogy, mineralo­
gy, ornithology and vertebrate palaeontology as well as collections in art and 
archaeology is governed by the Ontario Ministry of Citizenship and Culture. The New 
Brunswick Museum which possesses collections of ornithology, mammalogy, ichthyolo­
gy and geology as well as extensive collections in art and history is governed by the 
New Brunswick Department of Tourism, Recreation and Heritage. The Nova Scotia 
Museum, which possesses collections of geology, botany and zoology as well as 
collections in history, is governed by the Nova Scotia Department of Education. In 
Ottawa, Ontario, the National Museum of Natural Sciences, which possesses collections 
of invertebrate zoology, ichthyology, herpetology, mammalogy, mineralogy, ornitholo­
gy and vertebrate paleontology, is governed by the Department of Communications 
while the Department of Agriculture possesses collections of entomology, arachnology 
and nematology, and the Department of Energy, Mines and Resources possesses 
collections of invertebrate palaeontology. 

Is it no wonder our collections are in financial difficulty? The vast scientific 
collections are governed, mainly, by departments of culture. 

D.J.F. 
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Microf il™ Injections of Small Vertebrates: 
An Adjunct to Clearing and Staining 

By Anthony P. Russell, Aaron M. Bauer1 and Richard L. Walker 

Department of Biological Sciences, University of Calgary, Calgary AB T2N 1N4 
1 Museum of Vertebrate Zoology, University of California, Berkeley CA 94720 

Russell, A.P., A.M. Bauer and R.L. Walker 1987 Microfil™ injections 
of small vertebrates: an adjunct to clearing and staining. 
Collection Forum 3 (1 and 2): 3-5 

The practice of clearing and staining small vertebrates is widespread in the study of morphology 
and systematics. Such techniques are generally employed in the evaluation of skeletal characterist­
ics but, if fresh material is available, they can be augmented by the treatment of certain soft 
anatomical systems. The injection of the circulatory system with Microfil™ and the subsequent 
examination of the topography of the component vessels, either by way of clearing and staining or 
by radiography is one approach. We outline the method by which such injections are achieved and 
provide details of the visualization of the circulatory system and its relationship to skeletal 
elements and nerves. The method can be applied to specimens of a relatively small size. Once 
injected and cured the medium is stable and specimens may be stored in alcohol for extended 
periods and need not be cleared immediately. 

INTRODUCTION 
The visualization of vascular architecture by way of 

silicone rubber injection media has long been used in 
comparative anatomical studies, but has largely been 
restricted to the level of gross dissection and to the study 
of circulatory vessels of relatively wide bore. The recent 
development of similar media with lower viscosity and 
smaller particle size now enables the examination of finer 
anatomical detail and the application of injection tech­
niques to smaller specimens. The practice of clearing and 
staining vertebrates is applicable only to whole animals of 
small to moderate size. Newly developed injection media, 
such as Microfil™, now permit such specimens to be fully 
injected, and thereby enables clearing and staining of 
entire specimens to be combined with an in situ visualiza­
tion of the circulatory system. 

While the microvasculature of mammals has been 
extensively studied in medical and veterinary contexts 
employing injection and clearing and/or corrosion tech­
niques, the application of such investigative techniques to 
non-mammalian vertebrates has been somewhat more 
limited (Hentschel 1977, Russell 1981a, b) , especially 
where smaller species are concerned. The information to 
be gained from the investigation of vascular architecture is 
potentially extensive, especially in such areas as descrip­
tive and functional morphology (O'Donoghue 1920, Haid­
er and Sathyanesan 1974, Russell 1981b), physiology 
(Gannon et al. 1982, Horiguchi and Watanabe 1984), and 
systematics (Zug 1971, Duda 1974). 

We here outline a rapid, simple and inexpensive 
technique for obtaining complete vascular filling in verte­
brates of relatively small body size, using lizards as the 
investigative example. This technique results in minimal 
disruption of body structure (Russell, Walker and Bauer, 
in-press). 

METHODS AND TECHNIQUES 
The injection technique described herein employs 

Microfil™ (available from: Canton Biomedical Products, 
Box 2017, Boulder, CO 80302) as the injection medium 
and avoids the difficulties encountered in cannulating the 
systemic trunk of such small animals (Russell 1981a) by 
employing bi-directional injection of the dorsal aorta. This 
bi-directional injection also has the added advantage of 
maintaining adequate injection pressure throughout the 
vascular system. 

The method was developed for small lizards, specifi­
cally geckos with a snout-vent length of between 100 and 
140 mm. Details of anaesthesia and surgical procedure 
may be adjusted to suit the particular species and size of 
animal. The procedure employed is as follows: 

1. Anaesthetize animal with ether in a closed chamber, 

2. Administer orally a small dosage of T-61 euthanasia 
solution (available from: Hoechst Pharmaceuticals, 
Montreal P.Q), 

3. Secure specimen to a cork board, ventral side 
uppermost and make a mid-ventral incision through the 
abdominal wall, 

4. Reflect the abdominal wall on one side by making 
cuts perpendicular to the initial incision, 

5. Retract the viscera to expose the dorsal aorta, 

6. Ligate the dorsal aorta with suture silk at about the 
mid-point of its exposed length, 

7. Make incisions in the dorsal aorta slightly cephalic 
and slightly caudal to the ligature and insert a 
polyethylene cannula(P.E. 50) (available from: Intramedic, 
Clay Adams, Parsippany, NJ) into each and secure in place 
with suture silk. Note, prior to insertion each cannula is 
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connected, by way of a 23 gage hypodermic needle, to a 3 
ml syringe containing heparinized saline, and all residual 
air is driven from each cannula, 

8. Make a small puncture in the pericardium and 
ventricular wall to permit escape of fluid, 

9. Flush the circulatory system with heparinized saline, 
employing the two cannulae simultaneously. 
Pressurization is achieved by mounting the two syringes in 
parallel onto the holder of an electric syringe pump 
(Fig. 1). (For details of the procedures see: Russell, Walker 
and Bauer, in-press), 

10. When flushing is complete, exchange the syringes 
containing saline for those containing the Microfil'" 
injection medium. Note that a period of 15 minutes is 
available before curing begins and that about 3 ml of 
injection medium per 10 g of body weight is sufficient, 

11. Allow perfusion to continue until the syringes are 
empty. Mop excess injection medium from the 
pleuroperitoneal cavity as it emerges from the punctured 
ventricle, 

Figure 1 - The injection aparatus in operation. 

Figure 2 - Radiograph of the head and anterior extremities 
of Rhacodactylus auriculatus (Reptilia: Gekkonidae), 
showing the radio-opacity of the injection mass. 

12. When the injection is complete, cut the cannulae near 
the point of their insertion into the dorsal aorta. Position 
the animal on paper towels in a fixing tray, dorsal side 
uppermost, and leave at room temperature for three hours 
while the injection medium cures, 

13. Fix the specimen in 10% neutral buttered formalin, 
and then, 

14. Transfer the specimen to alcohol for long term 
storage or clear and stain after a short period of immersion 
in alcohol (70% ethanol). No special preparation, 
fixatives or storage media are required for Microfil" 
injected specimens. 

RESULTS 
The versatility of Microfil" is evident not only in its 

ease of injection and preservation, but also in its radio-
opacity (Fig. 2). It is flexible and amenable to dissection 
and may be easily sectioned in histological procedures. It 
is not affected by the chemicals employed in normal 
clearing and staining techniques and thus whole body 
clearing and treatment with stains for skeletal elements 
(Wassersug 1976) (Fig. 3) and nerves (Filipski and 
Wilson 1984) (Fig. 4) is possible. 

Figure 3 - Cleared and stained left manus of 
Rhacodactylus auriculatus showing the relationship of the 
arteries to the metacarpals and phalanges. 

Figure 4 - The hyoid region of a cleared and stained 
specimen of Rhacodactylus auriculatus. The bone is 
stained with Alizarin red-S, the cartiliage with Alcian blue, 
and the nerves with Sudan black-B. Abbreviations: bes -
branches of the carotid system; bh - basihyal; gh -
glossohyal; h h - hypohyal; tr - trachea; x - vagus nerve; 1 
cb - first ceratobranchial; 2 c b - second ceratobranchial, 
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APPLICATIONS 

Because the method of injection is not disruptive, 
specimens infiltrated with Microfil™ can be preserved in 
alcohol in the same way as uninjected specimens and 
remain essentially as museum specimens. If, however, 
details of the vasculature are deemed important for 
investigation, such data may be obtained by way of 
radiography (Fig. 2) . Thus, for rare specimens, where 
clearing and staining may not be possible, injection with 
Microfil" at the time of specimen preparation provides 
access to otherwise unattainable data. 

Fine details of circulatory vessels may be obtained by 
way of clearing or clearing and staining techniques. The 

Figure 5 - Fine branching of the vasculature of the ventral 
surface of the stomach of Rhacodactylus auriculaws. 
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Biomass Loss in Wet-preserved Reference Collections 

Derek V. Ellis 

Department of Biology, University of Victoria, Victoria, BC V8W 2Y2 

Ellis, D.V. 1987 Biomass loss in wet-preserved reference collections 
Collection Forum 3 ( 1 and 2): 6-8 

Specimens of invertebrate and vertebrate animals held in liquid preservatives present a subtle 
problem for future use in ecological research. Where there is possibility that such future use will 
involve weighing specimens for estimates of biomass and ecosystem indices, certain procedures 
would increase the value of the reference collections. The problem arises from the rate of leaching 
of materials from the specimens, hence loss of weight, which is usually a function of type of 
preservative and duration of storage. Specimens commonly are fixed in neutralized formalin and 
transferred after a few days to alcohol of various concentrations. Quality controlling this leaching 
effect is so inadequate at the moment that biomass productivity estimators generally will not 
accept values derived from preserved specimens. Adoption of standardized procedures for quality 
control would increase the value of wet-preserved specimens for long term retroactive analysis of 
ecosystem productivity changes based on reference collections in museums. It is suggested that 
museum records include original (wet weight) biomass values, a record of preservatives, dates and 
adequate quality control of preservative concentration, for sets of specimens held. 

INTRODUCTION 
It is occasionally desirable to re-examine specimens 

in natural history collections for purposes which may have 
been unpredictable when the specimens were stored. An 
example is an analysis of museum tuna and swordfish, 
which showed that mercury had not increased in their 
tissues in recent years (Miller et al. 1972) in spite of 
concerns about anthropogenic dispersal of the pollutant. 
The oldest tunas had been collected in 1878, almost 100 
years before the re-examination. 

There can be problems in re-examining specimens for 
unusual purposes, and this paper is an examination of 
some problems for one such purpose. Can voucher speci­
mens from ecological-environmental surveys be used to 
calculate biomasses, and important derived statistics such 
as productivity levels, from the past? This paper explores 
the severity of the weight-loss problem on wet storage of 
samples and provides suggestions for procedures for 
re-examining samples for biomass determinations. 

A SELECTED SURVEY OF THE LITERATURE 
Extent of Biomass Losses 

Mills et al. (1982) showed that many marine benthic 

invertebrate forms lost biomass when preserved in alco­
hol, but in formalin some lost and some gained weight. 
There were complex changes in water and tissue content, 
some occurring very rapidly (within a few minutes), 
others taking a month or more before final stabilization. 
Some annelids in isopropanol lost 50% biomass within a 
week, and then stabilized after a month at 60% loss. 
Annelids could gain 30% weight initially in formalin, but 
then lose weight to a final gain of only 10%. Bivalves and 
crustaceans lost 20% of their weight after several months 
stabilization, but amphipods initially gained 20% in both 
formalin and alcohol. 

Howmiller (1972) reported biomass losses between 
20% and 70% in freshwater benthos in various common 
preservatives. Day (1985) quotes other studies of losses in 
preservative by freshwater benthos (Wiederholm and 
Eriksson 1977; Lappalainen and Kangas 1975) and zoo-
plankton (Williams and Robins 1982; Morris 1972; Beers 
1976). She concluded that biomasses actually present in 
the living ecosystem (which after all is what these 
measures are intended to represent) could not be obtained 
accurately from the two sets of annual samples in storage 
available to her. 
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Confounding Effects of Significant Figures 
It is extraordinary but several of the widely used 

operational guides to benthic methods do not consider the 
problem of deciding the level of significant figures to use 
when weighing specimens, i.e. do you read the scale to 1 
g, 0.1 g or even 0.00001 g? In part, both wet and dry 
weight measures need a significance level determined by 
the nature of the derived estimates, e.g., whether a 
productivity statement will be in grams per square metre 
or tonnes per hectare. Dry-weight measures can be to 
almost any desired level of significant figures since drying 
can be completely achieved. With wet-weight measures 
there is a unique and major source of inaccuracy and 
imprecision. It is the amount to which free water can be 
removed by so-called damp drying. This variability is 
highest in species the largest individuals of which are big 
enough that their body cavities can be opened and 
drained, as with bivalves, echinoderms and fish. Generally 
each investigator decides how big is big enough. 

I happen to know that a standard-setting investigator 
of the 1930s-60s, Gunnar Thorson of the University of 
Copenhagen used 0.1 g as his level of figure significance, 
since I was his student for a time (but I do not recall to 
what size he opened bivalves for draining). Many other 
levels than 0.1 g have been used, including 0.00001 g at 
Island Copper Mine, and 1 and 0.1 mg in some of the 
benthic biomass-loss studies referenced. In these loss 
studies the significant figure levels could be accurately 
achieved in some cases since the investigators centrifuged 
their wet specimens. For conventionally damp-dried spec­
imens measured to 0.00001 g, the figure is variably 
inaccurate since the scale reading can on occasions be 
seen dropping as it is read, presumably as preservative 
evaporates. The Thorson level of 0.1 g is convenient. It 
can be routinely achieved, apparently accurately, and 
allows bulking of small species so that their counts can be 
converted to weights without weighing, e.g., 10 Axinop-
sida weigh 0.1 g. 

Other factors determine levels of significance to use 
for biomass determinations. Biomass losses in preservative 
can reach 50% or greater according to the loss-studies 
referenced. Hence weights for the smallest specimens will 
drop in preservative below the significance level used, 
i.e., become zero. The value can of course be rounded up 
to the minimum recordable. Bulking specimens to a 
minimum of twice the lowest value recordable also avoids 
this problem but loses species information. Bulking 
means that some selection has been made about which 
species to weigh separately and which to bulk. This type 
of decision is similar to deciding which species to cut and 
drain, and for what size of specimens of that species to do 
so. Specimens weighing only 0.1 g are too small for 
draining. Accordingly there is merit in weighing to a 
significance level of 1 or even 10 g, 10-g specimens can 
be drained if necessary. At this level though the loss of 
potential information may reduce the biomass measure to 
demonstrating only major order-of-magnitude changes for 
a few species. This of course may still be useful informa­
tion since sudden order-of-magnitude changes in biomass 
may be a pollution index. 

Finally in this context, the demands of statistical 
procedures claim that the significance level should be 
determined by the range of values obtainable, with the 
number of unit steps to be between 30 and 300 (Sokal and 
Rohlf 1969). A 1-g significance level would meet this 
requirement for many infaunal studies. However, this 
requirement is undoubtedly complicated by biomass mea­
sures not being normally distributed (in a statistical 
sense). 

PROBLEMS WITH EXISTING BIOMASS 
PROCEDURES AND VOUCHER COLLECTIONS 

I am presently involved with two projects which 
measure stocks of infaunal (soft-bottom) benthos on the 
sea bed and their changes over time. One of these draws 
on a prior survey 50 years before. This was in East Sound 
near Friday Harbor Marine Station of the University of 
Washington (Shelford et al. 1935). Although no collec­
tions could be found, the published results allowed a 
uniquely designed resurvey 50 years later (Day 1985). 
Day took over the project after 2 years of an intended 5 
years' resurvey; she thus had two sets of recently stored 
samples. The other project is a monitoring programme at a 
mine (Island Copper) in British Columbia, which dis­
charges its tailings to the sea. The benthic monitoring is 
part of a comprehensive environmental quality control 
programme started in 1970 with the intent of detecting 
changes over time, i.e., year by year (Pelletier 1982). 

Both projects recorded species identifications and 
counts per sample as basic data. The East Sound project 
recorded no biomass (weight) data for reasons to be 
explained, but the mine project did for a number of years. 
The mine has also recorded some size data for some types 
of organisms. 

Species counts measure numbers of animals. When 
expressed per unit area, these become estimates of abun­
dance (a better term than density, which in marine 
biology can be confused with sea-water density). Numbers 
also inevitably provide presence-absence data, which 
demonstrate species distributions, and when distributions 
are related to counts, whether species are dispersed in 
clusters, randomly or evenly (Mclntyre et al. 1984). 

These behavioural properties have effects on the 
precision of the species abundance estimates. The number 
of species is an additional parameter. It is a simple 
measure of diversity within a sample set. It can be input 
into various more or less complicated formulae for diver­
sity indices incorporating species abundance and their 
inequitability. Certain such indices permit comparisons of 
species diversity between sets of samples (Washington 
1984). Counts per sample thus provide a great deal of 
ecological information. 

Weight and size measures are also desirable in an 
ecological project, since they permit estimates of biologi­
cal growth and productivity. Size measures, for example, 
can demonstrate the rate at which specimens grow in 
length, height or width or all three, and can lead to 
conclusions about productivity (Jones and Ellis 1976). 
Often ages can be calculated from modes in growth 
statistics or by other measurement techniques, and ages 
are useful for productivity estimates. 

Biomass encompasses water, inorganic and organic 
materials, and assimilating these has different metabolic 
costs. It may be desirable in a project to know their 
relative proportions. Biomasses are first estimated from a 
set of wet weights. These are generally from specimens 
damp-dried on paper towels or a fine screen. Then 
biomasses can be converted to dry weights by drying 
(which destroys specimens) or by conversion using for­
mulae for different species obtained by drying representa­
tive samples (Thorson 1957). Weights can also be con­
verted to carbon or energy values or to values of any 
element or compound of importance to a particular study, 
provided appropriate conversion procedures or formulae 
are available. 

A further utility of biomass values is that they can be 
converted to an estimate of biological production over a 



Collection Forum 

unit of time. This can be done simply by multiplying 
biomass by turnover, i.e., average number of times that the 
organisms breed. Generally the time period is a year and 
so a species which breeds twice a year has an annual 
productivity twice the biomass at any one time. This 
estimate does not allow for changes arising from seasonal 
or irregular phenomena. These need more detailed sam­
pling and calculations: catching flushes of settling larvae, 
feeding frenzies of transient predator packs, environmen­
tal catastrophes, etc. 

The point of all this is that a set of samples from an 
ecological project can be a data bank permitting compari­
sons with new samples, possibly many years later. The 
samples may have been held for routine processing, or 
have been formally presented into a natural history collec­
tion with no such re-examination intended (such as the 
dried tunas and swordfish). 

There are of course problems for re-examination of 
specimens. Size-measures for example can in general only 
be made on hard-shelled animals which do not shrink in 
prolonged preservation. It is too much to hope that 
soft-bodied specimens meticulously narcotized, hence 
uncontracted, will occur in ecological samples. Ordinarily 
the whole lot is put into preservative as soon as possible. 

Weight-measures also present problems. So much so 
that the relevant chapter on procedures (Crisp 1984) in a 
widely used text on benthic methods states that weight 
should be taken before preservation (fixing?) of speci­
mens. This is not always practical nor is it the alternative 
to chemical preservation or freezing. So, many ecological 
studies preserve samples on site, and then weigh speci­
mens afterwards. The standard preservation procedure for 
marine benthic studies is to leave specimens for three days 
in buffered seawater formalin, then transfer to 40-70% 
alcohol (as we did in East Sound in 1978 and 1979). 
Species weights are then obtained as specimens are 
identified and counted, weeks, months or even years later. 
An overall sample weight, however, may be obtained 
before specimen identification, as at Island Copper where 
weights were obtained for polychaetes, molluscs and 
other groups. This extra handling can break delicate 
specimens, especially small fragile polychaetes and crusta­
ceans, reducing the accuracy of the more important 
identifications and counts. 

SUGGESTIONS TO IMPROVE BIOMASS 
PROCEDURES AND VOUCHER COLLECTIONS 

1. Organisms should be identified and counted, not 
weighed or sized for an infaunal benthic survey in a new 
area. Voucher specimens from surveys should be 
deposited into permanent museum collections for later 
taxonomic verification. 

2. The very first (pilot) survey should be used to define 
biomass sampling and the processing procedures for 
species and size ranges selected. An appropriate level of 
significant figures should be included, if biomass (or size) 
measures are an important statistic at the time or in the 
future. This could be 1 g or 10 g if wet weights are 
adequate measures, but may be as fine as 0.00001 g if dry 
weights are required to reflect properties of the 
ecosystem. Weights should be taken before fixing the 
specimens. If this is not practical, a representative sample 
of important species should be wet-weighed before fixing 
for development of a back-calculating formula for live 
biomass from the preserved weights later. The samples 
should then be stored until biomass losses have stabilized 
(several months at least). 

3. Samples for biomass determinations should be stored 
together as sets, so they can be retrieved as sets for 
re-examination. The recorded pre-preservation data 
should be properly stored and readily retrievable. 

CONCLUDING COMMENTS 

It is difficult to predict what ecological measures may 
become important in the future, as with the museum 
fishes and their use for mercury determinations. Since we 
now know that trace metal analyses, biomass measures, 
etc., from old specimens can be useful, we should be 
taking steps to ensure that some natural history collections 
provide opportunities for such measures. This can be done 
by storing collections with thought to their eventual 
processing. Hopefully, we can leave to our successors 
collections usable for unpredictable purposes, like the 
tunas and swordfish. 
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Due to increased cost of materials over the last few years it has become increasingly more 
important to develop methods of constructing museum jars and displaying anatomical materials in 
an inexpensive manner. A method of constructing plastic display jars from transparent plexiglass is 
described. The design and construction of a simple bending jig containing a solid rod heating bar 
has simplified this task. The resulting product offers versatility in size and function. This may be 
accomplished at low cost from readily available materials. 

INTRODUCTION 

Because it has become more and more expensive for 
museums to purchase glass or plastic display jars, new and 
less expensive methods of fabrication have become essen­
tial. Because of surface irregularities, inexpensive glass 
jars tend to distort the appearance of specimens, which is 
not the case with plastic jars. Apart from offering this 
advantage, plastic jars can be covered in a variety of ways. 
The method of construction described here allows one to 
produce jars of varying sizes from plexiglass' sheets. 

MATERIALS 

The following materials and supplies were used in the 
construction of plastic display jars. 

a) Various sizes and thickness of sheet and rod 
Plexiglas™ G (transparent methyl methacrylate) 
(manufactured by Rhom & Haas Company, 
Philadelphia, PA, available in Canada from Rhom & 
Haas Canada, Inc., West Hill, ON). 

b) A solid core heater bar of variable length 
manufactured from low resistance steel alloy (available 
from Nedco Canada Ltd., Kingston, ON). A bar 60 cm long 
by 5 cm wide and firmly mounted into a bending jig was 
used for the jar described in this paper. 

c) A bending jig constructed of 12 mm thick plywood. 

d) A 110-115 volt AC power source with a switch and 
attached to heater bar. 

e) An adjustable retort stand specially adapted with 12 
mm adjustable platform for holding plastic during 
bending. 

f) A T-bar holding device with adjustable arm for 
securing plastic during cooling. 

g) Chloroform (threshold limit value: 10 ppm). 

h) Ancillary equipment: C-clamps, furniture clamps, 
masking tape, lead weights, electric drill, table or radial 
arm saw. 

1. Plexiglas'" is used when referring to the specific product by its trade name but plexiglass is used when referring to the generic product. 
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METHODS 
The method outlined here allows versatility in jar 

size. The production of a jar 25 cm long, 15 cm high and 
10 cm wide will be described. When using this method, it 
is important to remove the protective brown paper from 
plexiglass surfaces to be glued which prevents the glue 
from reacting with the paper and staining the plexiglass. 

Step I: Using a piece of 3 mm (approximately 1/8 in.) 
plexiglass, the dimensions of the sides of the jars were laid 
out as shown in Figure la. Pieces of plexiglass slightly 
larger than the top and bottom of the jar were also laid 
out. 

Step II: The plexiglass was placed on the heater bar at 
bending line #1 with the free end supported using a 
specially adapted adjustable retort stand (Fig. 3a). The 
heater was turned on and the plastic was left until pliable 
(80 to 100C). Care was taken to prevent overheating 
which caused the protective paper to stick at the bending 
joint. 

Bends had to be made approximately 15 to 30 seconds 
after the plexiglass had been removed from the heater bar. 
For each of the three bends of the jar, the jig (Fig. 2) was 
used as a moulding device. The heated plexiglass was 
pressed to form a 90 degree angle against the inside 
corner of the jig and left to cool secured in place with a 
T-bar holding device and lead weights (Figure 3b). It was 
important that the plexiglass be held tightly and support­
ed properly to make certain that everything was square 
and the jar stood correctly. 

Step III: Waste pieces of plastic (10 g) were placed in 
chloroform (50 ml) and allowed to dissolve to form a 
glue. It was spread on the free edge of side # 1 , which was 
then positioned to meet the final cutting line at side #4 
(Fig. lb) and secured with clamps. The glue was then 

Figure 1 - (a) Jar layout on 3mm plexiglass. 
(b) Jar layout showing bending lines. 

allowed to dry (approximately 8 hours). Subsequently, 
the waste area was carefully cut off as close as possible to 
the side of the jar. 

Step IV: The glue was applied to the bottom edge of the 
jar which was then placed on the plastic base. Weights 
were placed on top of the jar and the glue was allowed to 
dry. At this point the remaining protective paper could be 
removed from the jar and the jar could be tested for water 
tightness. Any leaks were rectified by the application of 
small amounts of chloroform at the leak sites. 

Step V: Any excess plastic on glued edges of the sides or 
bottom was removed using a fine toothed file and ascend­
ing grades of sandpaper (100-600 grit). During sanding 
and filing care was taken to avoid scratching jar surfaces. 
The sanded edges were then ready to be polished on a 
buffing wheel using jeweller's rouge. 

Figure 2 - (a) Bending jig with heater bar attached. 
(b) Bending jig showing power source 

attached. 
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Four methods of lid construction are described here: 

a) Inside Fitting Lid (Fig. 4a): 

A strip of plexiglass 12 mm (approximately 1/2 in) 
wide and the length of the inside top of the jar was cut 
and bent to fit. The bent strip was glued to the plexiglass 
top piece and, with weights in place, it was left to dry. 
The top piece was trimmed to match the outside of the jar. 

b) Outside Fitting Lid (Fig. 4b): 

The same procedure as outlined in a, above, was 
followed except that the plexiglass strip was bent to fit 
the outside edge of the jar. The top piece was trimmed to 
fit the outside edge. 

a 

"W 

Adjuetoble Retort Stand 

T-Bor Holding Device 

Figure 3 - (a) Adjustable retort stand with plexiglass in 
place during heating. 

(b) T-bar holding device securing plexiglas 
after bending jig. 

c ) Plexiglass P e r m a n e n t Cover 

A specimen was placed in a completed jar partially 
filled with fixative (5% formalin). A piece of plexiglass 
was cut to fit the jar top and glued permanently in place. 
After drying, the edges were trimmed and polished. A 
small hole was drilled in the jar top to allow complete 
filling with formalin. The hole was sealed with plastic 
glue. 

d ) Removable Glass Lid (Fig. 5)s 

Using a cover of this nature requires a change in 
procedure of construction. The upper edge of the jar must 
be rabbeted prior to bending (Thompsett 1970a). Only 
plexiglass thicker than 6 mm is suitable for this purpose. 
Plastic was rabbeted approximately 3 mm deep and wide. 
Glass was cut to fit inside the rabbeted edge of the 
completed jar. 

Figure 4 - (a) Jar showing internal fitting lid. 
(b) Jar showing external fitting lid. 

Figure 5 - Specimen attached to plastic backpiece. 
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Following construction of the jar, provisions are made 
for mounting the specimen. Four methods are outlined 
here.-

a) Specimen Secured to Backplece 
Nylon fishing line is used to secure the specimen to a 

plexiglass backpiece whose dimensions are slightly smal­
ler than the height and width of the jar (Fig. 5). 

b) Plexiglass Mount 
The specimen is placed on a moulded or straight 

piece of plexiglass as shown in Figure 6. 

c) Plastic Rod Mounting Rack 
A mounting rack constructed from rod and sheet 

plastic is used to support the specimen as shown in Figure 7. 

Figure 6 - Specimen on moulded plastic mount. 

Figure 7 - Specimen on plastic rod mounting rack. 

d) Appropriately Sized Jars 
Specimens are displayed in jars slightly larger than 

their size. This utilizes the sides of the jar as support for 
the specimen (Farmer 1951). 

DISCUSSION 
As noted in previous publications (e.g., Edwards 

1959, Audette 1965), transparent plastic jars are superior 
to glass jars for displaying specimens. They provide 
minimal distortion and are less expensive to construct. 

Owing to the use of a solid core heater bar as opposed 
to a heating element (Hangay 1985) or a heating coil 
(Audette 1965), discolouration and distortion of the 
plexiglass is almost completely eliminated. The glue, i.e., 
plastic dissolved in chloroform, creates strong bonding at 
the sealed edges, preventing cracking and leaking (Kenne­
dy 1952). 

Chloroform is a very hazardous substance and must be 
carefully handled. When handling chloroform, it must be 
certain that there is no open flame nearby (e.g., from 
welding equipment, etc.). Prolonged inhalation of chloro­
form fumes must be cautioned against. It is advisable to 
store unused glue in a well stoppered container. 

Moulded tops provide tightly fitting removeable lids, 
thus minimizing evaporation of fluids in the jars. Perma­
nent plexiglass covers prevent further evaporation of 
fluids. 

It should be noted that the storage fluid in plastic 
display jars should be restricted to non-solvent media, like 
formaldehyde (e.g., 37-40% assay containing 12.1% 
CH3OH preservative). Solvents or solvent-containing solu­
tions (e.g. 2% ethanol) cause the plastic to etch and crack 
after prolonged exposure. 

In light of the growing concern regarding the hazards 
of using formaldehyde for preservation purposes, it is 
advisable to use containers which can be sealed as tightly 
as possible. Because of the superior properties of formal­
dehyde fixatives it is nevertheless highly recommended 
for use as a storage fluid. Minimization of shrinkage in 
comparison to alcohol favours its use. Low percentage 
solutions (1 to 3%) are preferred. 

After several years of use in the Department of 
Anatomy, Queen's University, this method of jar construc­
tion has been found to be perfectly suitable for specimen 
display in our teaching museum. 
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