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INTRODUCTION

This report represents the findings of the ad hoc Subcommittee on
Curatorial Practices and Supplies of the ASIH Ichthyological Collections
Committee. The Subcommittee was formed in Jume, 1977 and charged with
the task of conducting a survey of those members of ASIH responsible
for collection maintenance. We were directed to determine what curatorial
techniques and procedures are being followed, what products are being
uéed and with what success, and to make a series of recommendations.

In 1977, a questionnaire (Appendix 1) was sent to most of the
ichthyological collections listed by Collette and Lachner (Copeila, 1976
{3):625-624). The questionnaire addressed a series of topics including
fixatives and preservatives, jars and other storage containers, label
papers, inks, collection enviromment, and electronic data processing.
Datz from the returned gquesticonnaires were compiled and presented in a
preliminary form to an informal meeting during the 1978 ASIH meeting in
Tempe, Arizona. The response at that meeting was encouraging and aided
us in determining the scope of our final report. l

The basis of this report is the questionnaire, but additiomnal
comments received from many ASIH members have alsoc been incorporated.

We think that the data on curatorial practices presented here accurately
represents the "state of the art" in curation of ichthyological col-
lections in the U.S. and Canada. We hope that this pooling of know-
ledge of over fifty curators and technicians will be of benefit to the
entire ichthyological community.

After analysis of the questionnaires we realized that more precise
answers could have been generated if we had worded some questions dif=-

ferently. For example, because of the way the questions were phrased,
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we were unable to get a clear picture of what procedures are followed

with regard to sgpecimen washing between fixation and transfer to
preservative. And, in spite of a numerically high response to our
question about computer use in collections, we are unable to present

much information on that topic.

The form of the report generally follows that of the questionnaire.

In some cases, topics found to be of interest but which were not in-
cluded in the questionnaire are discussed.

We wish to thank all these who took the time to reply to our
questionnaire and in some cases, subsequent inquiries (respondents
listed in Appendix 2). We appreciate the many helpful comments that
have been addressed to individual members of the committee. Dr. W.R.
of the National Museum of Natural History has been most generous in
sharing the results of his experiments with fixatives and preserv-
atives. We would like to thank Dr. Leslie W. Knapp of S0SC, who al-
though not officially a member of the committee, has been very help-
ful in providing information on bottles, closures, papers, and inks.
We also appreciate the support of our respective institutions. We
would also like to acknowledge the editorial aid of Sara V. Fink and

the patience of Christine Fox, who typed the manuscript.

Taylor

In the text, the following abbreviations are used: AMNH (American

Museum of Natural History), ANSP (Academy of Natural Sciences of

Philadelphia), BPBM (Bermice P. Bishop Museum), MCZ (Museum of Compar-

ative Zoology), SOSC (Smithsonian Oceanographic Sorting Center), and

USNM (United States National Museum).
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This report is for the use of members of the American Society of
Ichthyologists and Herpetologists. Products and curatorial procedures
are discussed based on responses in the questionnaire; our comments on
products should not be construed as endorsement of those products,

manufacturers, or distributors by the Society.
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SECTION I: FIXATION AND PRESERVATION

A,

B.

DEFINTTIONS:

BUFFER: A chemical system that prevents change in the
concentration of another chemical substance,
e.g., proton doner and acceptor systems serve
as buffers preventing marked changes in hydro-
gen ion concentration.

ETHYL ALCOHOL (Ethanol): One of the principle preserv-
atives used in fish collections; CH3CH,O0H; used
in aqueous solutions, usually at 70-735%.
Flashpoint of 190 proof ethanol is 62° F.

FIXATION: The process of coagulating cell contents into
insoluble substances (usually be cross-linking
proteins), preventing autolysis and breakdowm
of tissues.

FORMALDEHYDE: As it is used in ichthyélogy, formaldehyde
is a saturated water solution of formaldehyde
gas (HCHO).

FORMALIN: The standard fixative used in ichthyology;
produced by dilution with water of formaldehyde
" (HCHO) solution, usually by adding 9 parts of
water to 1 part formaldehyde scolution; this results
in a 10% formalin solution.

TSOPROPYL ALCOHOL (Isopropamol): One of the principle
preservatives used in fish collections; (CH3)2
CHOH; used in aqueous solutions, usually 40-30%.
Flashpoint of full strength isopropanol is 53° F.

' PRESERVATION: Maintaining the state of fixed tissues.

In most instances in ichthyology, chemicals less
toxic than initial fixatives are used for ease
of handiing the material and to circumvent side
effects of fixatives (e.g., decalcification of
bone in fishes kept in formalin).

FIXATION

Since the latter part of the 19th century, formalin has been the

fixative used by most ichthyologists. It is also wideiy used as a

fixative in other disciplines, including histology. Formalin appears

to function as a fixative by forming cross-links between adjacent



protein chains, denaturing and thus deactivating them. Autolysis is
stopped and proteins are coagulated, preventing breakdown of tissues.
By its very nature formalin 1s a hazardous substance and should be
handled with extreme carxe. Long-term exposure to formalin may result
in mild to véry severe_allergic reactions requiring medical attention.

Our survey shows that formalin is the predominant fixative in
ichthyology; although some confusion about the definitions of fixa-
tives and preservatives was evident in the replies received, it ap-
pears that in only one collection is another fixative preferred--

30% isopropancl; we remain uncertain about this one instance because
isopropancl is not recommended as a fixative by any source we ha?e
examined.

Formalin is prepared by diluting stock formaldehyde solution to
the desired concentration; 38 respondents use 107 formalin as the
standard fixative {1 part formaldehyde diluted with 9 parts of water;
some collections place 1 part formaldehyde with some water, then add
the fish and top off the bottle with water, essentially counting
fishes as water). TFive percent formalin is used in eight collectiouns
for fixation of eggs and larvae.

Specimens should remain in formalin until ﬁhe tissues are fully
penetrated by it and hardened; the length of time required depends
on temperature and size of the specimens. Rate of fixation may be
increased by injection of viscera and muscle tissues with formalin
or by slitting the visceral cavity. Several respondents recommend
15-20% formalin in tropical areas; others suggest that such high
concentrations may harden outer tissues and slow penetration of form-

alin to inner tissues.
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In nearly two-thirds of the collections, formalin is left unbuf-
fered; in the rest, formalin is buffered, usually with either borax
of calcium carbonate (in the form of mafble chips or limestone dusf).
Several respondents noted that if specimens were to be left in formalin
for more than two weeks or so, the formalin was buffered. Formaldehyde
oxidizes into formic acid, and since this process cccurs more rapidly
in dilute solutions (like the 10% most frequently used) formalin
should probably be prepared from stock only as needed and buffered
if it will be used for any length of time. Formaldehyde also inter-
acts with proteins to produce acid solutions, with dramatic and rapid

changes (Taylor, 1977, Proc. Biol. Soc. Wash., 90 (4):753-763). The

acidity of unbuffered formalin will cause décalcification of hard
tissues and this can be a serious problem with specimens to be cleared
and stained for osteological study. The problem can be critical for
small fishes, and formalin Iin which such specimens are kept should
always be buffered as a precaution. McMahon and Tash (Copeia, 1979
{1):155-156) have discussed the affects of unbuffered formalin on
otoliths.

The buffer of choice for formalin, as indicated by the histological
literature, is calcium carbonate and not borax, which is frequently
used by ichthyologists. Observations by members of the committee and
W.R. Taylor (op. cit.) indicate that borax can cause an increase in
the rate of clearing in specimens and may be more detrimental to them
than no buffering at all.

Calcium carbonate is easy to obtain and inexpensive, either in
the form of marble chips or marble dust; a saturated solution will

maintain formalin pH at around pH 6.0 (Taylor, op. cit). Taylor has
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also noted a lavering effect of pB in formalin solutions used for
specimen preservation, with formalin near the specimen at the bottom

of a container at about pH 6.4 while in.the upper parts of the solution,
pH was 8.4. This suggests that bottles in which specimens are fixing
should be moved periodically to mix the solutions within.

Formaldehyde or formalin which has oxidized to formic acid is
weaker than the standard unoxidized solution; to maintain proper
strength, care should be taked to keep containers tightly closed to
prevent contact with air.

Another problem which causes loss of strength of formaldehyde
stock is polymerization to paraformaldehyde, Polymerization is
indicated by a white precipitate and can be removed by gently heating
and stirring the sclution. Care should always be used when formaldehyde
is handled; this is especially so when it is being heated. Use of a
hood is reccmmended.

Paraformaldehyde, although a problem when it forms in a formalde-
hyde stock solution, can be an effective and cost-saving fixative in
the field. This is especially so with increasing restriction of
hazardous chemicals in air freight. Paraformaldehyde is available
through many chemical supply houses as a powder. As reported by Taub
(Copeia, 1962 (1):209-210), a 10% formalin solution can be prepared
by dissolving about 35g. of powder in 1 liter of water. Rate of
depolymerization can be increased by the addition of a small amount
of a base and by heating or boiling the water. Although Taub recom-
mends sodium hydroxide (NaOH) as a synergist, D. Rosen (pers. comm.)
has noted maceration in specimens left for lengthy periods of time in

formalin prepared with NaOH; he suggests the use of sodium carbonate



(NaCOs). Roseﬁ and Taub both recommend that the synergist should be
added to the paraformaldehyde only as the solution is being prepared.

A.E. Peden has described a method of using paraformalehyde in
Museum Methods Manual, No. 3: Collecting and Preserving Fishes (pub-
lished by The British Columbia Provincial Museum). Peden mixes four
parts paraformaldehyde with one part of anhydrous sodium carbonate
and a small amount of a wetting agent, like alconox, in a tightly
sealed container. This powder mixed with 100 parts of water makes
a 10% buffered formalin solution. Peden states that cold water can
be used with this method.

Advantages of paraformaldehyde include 1) reduced storage space,
2) reduced problems with air shipments, 3) paraformaldehyde lacks the
impurities sometimes found in formaldehyde stock ( these impurities, espe-
bially methanol, have been found tc impair nerve staining with the
Sihler technique)}.

Several respondents note use of fixatives other than formalin
for specialized purposes like histology (Bonin's, Gilson's) and electrom
microscopy (gluteraldehyde). Ethanol at 95% is used in one collection
for otolith fixation. ' Taylor (1977, op. cit.) has suggested that a
combination of gluteraldehyde and formaldehyde may prove to be a
better fixative than fo?maldehyde alone.

Tonol is mentioned by three respondents as a chemical added
either to the original fixative or to the preservative to inhibit
loss ¢f color péttern in fishes. Although tere was no dissatisfaction
noted with the procedure by current users, several others reported
that they had discontinued Ionol use: C.R. Robins reported that in

his experience Ionol only retards but does not stop loss of color,
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that it causes changes in colors, and that it tends to yellow spec-—
imens. T. Fraser has reported that specimens stored in Ionol are
resistant to clearing and staining techniques.

We were able to obtain extensive documentation on Ionol from the
manufécturer, Shell Chemical Company. Ionol is 2, é~di-tert=butyl
4-methylphenol; it is a powerful antioxidant which is added to rubber,
plastics and gasoline as a preservative. In more refined form, Ionol-CP,
it is added to food under the name butylated hydroxy toluene {BHT).
Although Shell Chemical states that Ionol is a relatively harmless
substance hased on standard pharmocological criteria, BHT is cur-
rently being tested by the Food and Drug Administration for carcino-
genetic or mutagenic qualities because lung and gonad cancers were
found in mice fed BHT during a non-cancer related project. Shell
Chemical maintains that the cancers were most likely caused by afla-
toxins in the food of the mice. iIn any case, Shell Chemical Company
notes that inflamation of the skin and mucous membranes may result
from prolonged exposure to high concentrations of the substance.

Users or potential users of Tonol may wish to follow the FDA inquiry.

At least one respondent notes that preéervatiou of color pattern
is quite safely and permanently rendered with color phetography.

Although formalin is clearly the fixative of choice for most
collection needs, other fixatives certainly have a role to play in
modern ichthyological collections. Readers are urged to survey recent
histology texts and laboratory technical manuals to determine what

fixatives are best for any special purpose at hand.
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C. REFIXATION

Nearly half of the respondents (20 of 47) indicate that specimens
which are soft or showing signs of decomposition are refixed. Form—
alin at 10% concentration is usually used, but 4 respondents use
207, 1 uses 50490% and 1 uses 5%. Time of refixing is size and
temperature dependent, and most replies indicate that a time range
from 1 day to 2 weeks is sufficient.

Although no comclusions were drawn by respondents on the useful-
ness of refixation in terms of long-term storage, there seems to be
a consensus that refixed specimens are usually firmer and in better
conditien than before refixation. There seems to be no harm dome to
specimens and there is a good probability that refixation can prolong

the usefulness of museum specimens.

D. PRESERVATIVE STORAGE MEDIA

The choice of preservative for collection storage is perhaps
the most controversial issue in the field of curatorial techniques.
Judging from replies to the questionnaire, there is a polarization
within the community, with isopropanol users and ethancl users each
claiming their favorite is the "best' preservative. There is, of
course, good reason for the discomfort caused by the debate since
transfer of a collection from one preservative to another is a costly,
time-consuming project.

The major ﬁrcblem in the debate is that, in spite of the pioneer-
ing work by Dr. W.R. Taylor, there is as yet no quantitative data

on the two alcohols which suggests whether or not a choice should be

made. Most of the respondents made comments about their experiences
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with the two alcohols and much of what we state below is based on
those personal observations.

Costs of both alcohols are expected td rise steadily with petrol-
eum prices since both alcohols are now produced from petroleum. In
the future, ethanol could be cheaper than isopropanol if its origin
is changed to plant-based raw materials, as is common in South America
(sugar cane).

We present information on isopropanol first, followed by ethanol.
Isopropanol

1) Isopropancl is preferred by many users because it is less
expensive than ethanol, both in initial purchase price and because
it is diluted more for use. Current prices in the Boston area for
isopropanol are $1.25/gal. (base price per truckload). With a dilu-
tion to 50%, this totals 30.63/gal. on the shelves; with a dilution
of 45%, the cost is $0.56/gal.

Personal communication with R.R. Miller indicates that in some
areas of the country, isopropanol is more expensive than ethanol at
initial purchase.

2) Also associated with economy is the fact that isopropanol
is not regulated by the Internal Revenue Service, as is ethanol.

This means that the bookkeeping and other paperwork and security
necessary for use of ethanol are all unnecessary for isopropanol.

3} Isopropanol is regarded as less volatile than ethanol, pre-
sumably giving it at least three advantages: fire hazard is reduced;
costs due to loss by evaporation are lessened: fishes do not dry out
as rapidly during handling.

4) Specimens held in iscopropanol are softer and more flexible
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than those in ethanol, at least at concentrations found in most col-
lections. This softness is regarded by some workers as an advantage
for manipulation of specimens but by others as a problem since it
could mask decompostion of specimens. As noted below, there is a
trend towards increased iscpropanol concentrations and the advan-
tage of pliable specimens may be somewhat reduced at these higher
concentrations {(one respondent noted that specimens in 557 isopro-
panol become brittle although users of 50% solutions reported no

brittleness).

5) An overwhelming concern of isopropancl users is alcchol
strength--many warn that concentrations below 45% are dangerous
to specimen quality. Rapid clearing and disintegration of spec-
imens in low strength isopropanol may be caused by reactivation
of au;olytic enzymes in the cells; presumably refixation and tans-
fer to higher concentrations of alcohol can stop or slow the
autolytic process.

It would seem that isopropanol users are still experimenting
with concentrations. In the early yvears of its use 30-40% was
considered sufficient. Comments received indicate that these
lower concentrations are not proving to be adequate and there is
a trend towards higher concentrations. Three major collections
have increased concentrations because of specimen clearing or

softening: AMNH (40 to 50%), BPBM (40 to 55%), and CAS (to 50%).

Table 1 summarizes isopropancl concentrations in use today:
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Table 1. Isopropanol concentrations reported by respondents.

% Concentration Number of Collections % of Collectioms
30-60 1 3
30 1 3
37-38 3 | g
40 7 21
40-45 1 3
b4 1 3
45 11 ' 32
47 1 3
50 5 15
55 1 3
70 1 3
75% 1 3

* in tanks only.

6) Problems associated with isopropanol use,--

Several respondents note that mixing isopropancl can sometimes
be a problem since it is not as soluble in water as ethanol and care
must be taken to fully mix solutioms. At least two replies mentioned
the possibility of isopropanol separating from water in storage, with
subsequent layering In the bottle and accelerated evaporation.

Isopropanol has a specific gravity near that of water making it
difficult to measure solution strength, even with a special hydrometer.
One respondent suggested that ar least some specimen clearing may be

due to impurities in stock isopropanol, especially when storage drums
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had been t;ised for other chemicals such as xylene (which will cause
almost immediate clearing). The problem with impurities should be
remedied by specifying to the distributor that new barrels only will
be accepted. A major producer we contacted (Union Carbide) stated
that industry practice is to use new or well reconditioned drums only.

Precipitates have been noticed by a number of isopropanol users.
These have been attributed to "hard" water and are reported to be
eliminated by distillation or delonization of water.

Specimens preserved in isopropanol are not suitable for most
histological techniques, unlike those in eﬁhanol.

Finally, some respondents were concerned with the possible health
effects of working with and, especially, breathing isopropanol wvapors

over long periods of time.

Ethanol

£thanol users made many fewer comments about their experiences
with preservatives than did users of isopropancl. In general, ethanol
was considered more pleasant to work with than isopropanol, in terms
of smell and effect on skin. About as many respondents preferred the
firmer ethanol-preserved fish as preferred the softer isopropancl-pre-
served fishes. Three respondents felt that ethanol does not leach
color as fast as isopropancl. There is little concern among ethanol
users about low concentration-related deterioration of specimens, but
there is a trend towards increasing concentrations; several large
collections (USNM, CAS, MCZ) have changed from 70% to 75%. The following

table summarizes ethanol concentrations used in fish collections:



~]5—

Table 2. Ethanol concentrations reported by respondents,

% Concentration - Number of Collections % of Collections
65 1 _ 4
68 1 4
70 16 73
75 _ 4 - 18

The cost of ethanol use is currently higher than that of isopropanol,
both because it is less diluted and because, in most of the U.S., it
costs more initially. The current price in the Boston area ig $1.41/gal.
(base price per truckload). With a dilution of 70%, this totalé $0.99/gal.;
at 75%, the cost risas'to $1.06/gal. Although cost/barrel is much the
same from distributor to distributor, a significant savings can be
realized if free delivery can be cobtained; usually a minimum order is
required.

Internal Revenue Service and state alechol control regulations can
make ethanol expensive to use in terms of labor costs for maintenance
of records and in terms of securing buildings or rooms for storage.

Some respondents state that they would prefer to use ethapmol rather than
isopropancl but are prevented either by administrators in their institu-
tions or by regulations that make ethanol use extremely difficult.

Fire hazard with ethanol is a danger, and areas where undiluted
stock is stored require explosion-proof electrical fixtures and switches.
In some cases, local regulations prohibit electrical outlets or ap-
pliances (such as radios) in fish storage areas. Smoking should not

be allowed where ethanol is being used.

Formalin

Three collections reported use of formalin as a preservative (as
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well as a fixative) for their general collection. Two of these store
mostly larval fishes; marble chips are used as a buffer in one and
either borax or calcium carbonate are used at another. At the third,
the formalin is used as a preservative for some adult fishes and is
left unbuffered.

Comments above regarding the use of formalin as a fixative apply
for the most part here, e.g., oxidation, toxicity, etc. We would
stress that, as a long term preservative, formalin should be buffered
with calcium carbonate (marble dust or chips). Bottles should be kept

tightly closed.

Special Collection Preservatives

Twenty-four respondents indicated that they have no storage for
special collections (except for cleared and stained specimens in
glycerine). Special collections within larger collections are listed
as follows:
| 1} Larval fishes and eggs are usually stored in 5% formalin

(8 collections), but also in 37 formalin (1), 10Z buf-
fered formalin (i), paraffin (1), and Stockard's solu-
tion (1).

2) Otoliths are stored by cne collection in 95% ethanol.

3) Leptocephali are stored in 5% formalin in many collectioms,

107 in ome.

4) Ammocoetes larvae are stored in 5% formalin..

3) Lancets are stored in 5% formalin.

6) Liparids are stored in 2-47% formalin, in 5% formalin,
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Iin 10% buffered formalin, and in 107 unbuffered formalin.
7) Some brotulids are stored in 10% formalin in one col-
lection.
8) <Comephorids are stored in 10% formalin in one cellection.
9) Poeciliids are stored in 2-4% formalin in one collection.

10) Zoarcids are stored in 5% formalin in one collection.

Transfer from Fixative to Preservative

Two-thirds of the respondents (34) do not transfer specimens
through a graded series of alcohols when moving them from formalin to
alcohol. The remaining replies indicate a wide range of practices used
in "stepping" specimens up to shelf storage alcchol concentrations.
Large specimens are usually placed into full strength storage alcohol
either directly from formalin or following a wash period. Naked or
delicate specimens and, less commonly, smaller specimens are moved
through 2-3 steps before reaching storage strength. As a rule of
thumb, a series of 35%, 55%, 70% to 75% is safe for most ethanol-pre-
served specimens (Taylor recommends 20%, 307, 55%, 75% for types),

20%, 30%, 45% to 50% is useful for isopropanol-preserved specimens.
Washing of specimens is a controversial topic which was only
ambiguously addressed by the questionnaire. From the replies received,

we see a trend to change from extended washing periods to shortened
periods or no washing at all. Washing fixed specimens for a lengthy
period of time (size dependent) removes a large part of the formalin

and frees, to an as yet undetermined degree, the active sites on proteo~

lytic enzymes. Observations by W.R. Taylor (1977, op. ¢it.) suggest
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that leaving z trace of formalin in alcoholic specimens may significantly
lengthen their storage life. This practice, however, can cause problems
for those people with formalin allergies. Due to the hardships placed

on allergy sufferers, (and possible injury to others), we consider
leaving formalin residues in storage collections an issue which should

be fully debated by the community as a whole and ome which needs
immediate attention as a topic of quantitative study.

Shrinkage of specimens has been reported during tansfer from one
alcohol to another; whether or not this occurs if specimens are slowly
exposed to consecutively greater alcohol concentrations was not noted.

W.R. Taylor {(pers. comm.)} has stated that he considers the oxygen
content of storage alcohol to be a potential source of specimen degrada-
tion, particularly in loss of color due to pigment oxidation. Very
little is known about the chemistry of specimen oxidation, but we
suggest that it could be a fruitful area of inquiry. If oxidation is
as significant a factor as Taylor believes, then mixing of alcchol
solutions, "topping off", and any practice that introduces air into

the preservative could contribute to a shortening of specimen life.

E. RECOMMENDATIONS
1) There is an urgent need for quantitative studies to determine
the processes which cause degradation in alcohol-preserved
vertebrates. We suggest support be lent to such studies by
agencies concerned with museums as biological resocurces.
2) Alcohol strength should be carefully monitored; this seems

to be particularly important with isopropanol.



3)

4)

5)

6)

7

8)

9)

10)

-19 -

Order alecohol in bulk when possible to reduce costs; shipping
costs also may often be eliminated in this way.

Care should be taken to érevent shrinkage if fishes are trans-
ferred from one alcohol to another.

Request new drums when ordering alcohol from a new supplier.
"Step"” specimens through alcohol stages following formalin
fixation. Used alcohol can be used for this.

Formalin should be prepared just prior to use:; it should not

be stored for long periods of time.

_Borax is not recommended as a buffer for formalin. Formalin

should be buffered with 1iméstone, especially if specimens
will remain in it for over two weeks; formalin for small
specimens should always bé buffered.

Formalin is the preservative of choice for larval fishes and
eggs, and for some other Kinds of specimens, particularly
"watery" fishes which might tend to shrink in alcohols.

Precipitates in alcohol mixtures can be avoided by using dis-

tilled or deionized water.
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SECTION II: SPECIMEN CONTAINERS

This section deals with most types of specimen containers used
in North American systematic fish collections. For archival storage
a well sealed, durable container should be considered nearly as important
as the preservative. Replies received about containers indicate that
there is a great deal of confusion regarding styles, brands, manufacturers,
and container usage. For example, only 12 of the 47 respondents listed
the brand names of the bottles used in their collection.

Due to constantly changing prices we will not compare or present
cost in this section. Prices vary greatly among suppliers and we urge

purchasers to shop around.

A. DEFINITIONS FOR SCREW-TOP BOTTLES AND CLOSURES

There seems to be considerable confusion regarding some of the
basic terminology about these bottles and, since ordering bottles from
manufacturers or‘distributors is simplified if precise terminology is
used, we include the following information.

MANUFACTURER: The producer of the product who can be ident-
ified by the BRAND NAME or by the TRADE MARK which
is usually moulded onto the jar.

MOLD NUMBER: This is sometimes molded along with the TRADE
MARK (see Appendix 3) on the bottom of the bottle.
It is the most precise way to identify a bottle.

STYLE: The size and type of the mouth expressed by two
hyphenated numbers. In 53-400 the first number
designates the outside diameter of the mouth in
millimeters (53mm) while the second designates
the type of thread; 400 indicates the standard
one full turn screw thread.

THREAD PITCH: Describes the screw in threads per inch,
usually standard for a mouth size but tolerance
is fairly wide and can cause a cap to spin~by
or twist beyond its normal stopping peoint
(called stripping).
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DISTRIBUTOR: An agent who handles a large series of bot~
tles from many manufacturers. Catalogues often
available. See Appendix 4.

BACKING~OFF: This involves the "self-loosening” of closures.
Usually caused by differential expansion and
contraction of the closure and bottle due to
environmental conditions.

FLINT GLASS: By industry terms a clear or "white" glass
versus colored (amber, green etc.).

CLOSURE: The top, cap or lid.

LINER: The insert or shim that fits into the top. Acts
to seal the bottle by fitting to the form of the
bottle mouth or rim imperfections when the lid

is applied.

BAKELITE: A very hard plastic; in general a phenol-~
formaldehyde polymer.

B. SCREW-TOF BOTTLES AND CLOSURES

Due to their availability, variety of shape and style, and econom-
ical price, screw~top jars are the most commonly used container in
North American museums; only 3 of 47 respondents reported that they
do not use screw~top containers.

Manufacturers will not usually sell directly to consumers unless
orders are exceptionally large by our standards (often a full trailer
load). 1If one can afford and store these quantities there can be
considerable savings.

Most local distributors will sell bottles in any quantity, with
prices and shipping costs varying with the amount ordered. Often local
distributors will deliver at no charge, and they usually stock a

large selection.
The replies show that many museums purchase bottles directly from
scientific supply houses, usually at a very high price. We recommend

that purchasers try to go directly to a commercial distributor. Unfor-

tunately, many government and university museums are forced to order
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through their purchasing offices énd have little control over what they
receive. This situation might be eliminated in some cases by specifying
manufacturer, brand name, style and mold number rather than just ordering,
for example, an 8-ounce glass jar.

With screw-top containers the greatest problem is the seal. Ninty-one
percent of the respondents using screw tops reported alecohol less. Many
(20%) attributed this simply to fimproper seal"™ or "poor seal". Others
- mentioned "backing-off" or loosening of tops due to environmental
fluctuations (25%), improper or careless tightening of lids (14%), in-
correct liners (14%), rusting lids (10%), cracked lids (9%) and imperfect
matches between jars and closures (8%).

Some of the most serious evaporation problems aspear to be the
result of poor product performance. Bakelite or phenolic tops with
cardboard liners are the most commoﬁly used closures in fish collections
but virtually all respondents using them were dissatisfied. Comments
ranged from "ineffective", "inadequate", and "umsatisfactory", to "mo
good" and "unacceptable'. Bakelite or phenolic tops are molded from a
very hard plastic and are likely to crack when tightened; they are more
subject to "backing-off'" and cracking under enmvirommental fluctuations
than any of the other types of lids. In addition, the cardboard liners
themselves contribute to loosening as the pulp becomes saturated and
breaks down because of moisture. Foil liners are equally ineffective
due to corrosive actions of fixatives and preservatives. Respondents
felt that collections using this type of 1lid need to be checked at
least twice a year, which is clearly not feasible for larger collections.
None of the seven International Centers for Ichthyology (Copeia, 1976(3) 625-642)

use this type of lid. We recommend that Bakelite or phenolic lids bhe
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discontinued and replaced where possible.

Metal lids have been used to some extent with both cardboard and
polyethylene liners. The cardboard liﬁers leak but the polyethylene~lined
caps seem to seal well. The obvious drawback is a rust-limited lifespan.
The rust problem is more severe in coastal than inland collections.

Metal tops should not be used with either formalin or glycerine material{
as corrosion occurs rapidly. In addition, it is probable that metal

lids rust faster when used with alcchol in which a trace of formalin

is present. Except for lids made especiélly for the Vanderbilt col-
lection (at CAS) there has been no attempt to use rust-inhibiting coatings
on metal lids.

Polypropylene lids with polyethylene liners received the highest
praise from the fifteen institutions using them, including many of the
larger collections. Two types are currently in use: Mack-Wayne (130
Ryerson Ave., Wayne, N.J., 07470) available directly from them and from
local distributors, or a slightly less sturdy product without knurled
edges from Kol's Container Corp. (1408 DeSoto Rd., Baltimore, MD, 21230}.
Many sizes are.available, from 48 to 120 mm. These lids seal well, do
not rust, do not crack unless dropped, and are less subject to "backing-
off." Two respondents thought it neéessary to tighten the lids, wait
overnight or one full day, and retighten them just prior to shelving.

It is a good policy to make a quick check of all bottles as they are
placed on the shelf. These lids should not be used without liners
since they are not molded to the tolerance needed. Polyethylene liners
are available with caps purchased from Mack-Wayne or Kol's. However,
if replacement of these liners is necessary, caution is advised. These

liners must be cut to close tolerance—~if they are slightly too large
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or irregular (ocut-of-round) they will bend at the edges and allow
leakage. Likewise, if a liner is too thick or made from too hard a
plastic, the closure will not seal properly.

In the following sections glass containers are reviewed based on
size. BSmall jars {(less than one gallon) are discussed first. Approp-
riate closures will be discussed in each section.

There are many bottle styles available with almost as many mouth
sizes. Theoretically, all full-turn screw top jars with the the same
mouth size should be compatible and take the same closure. This, how~
ever, is not the case. The pitch of the thread may vary enough to cause
a top to strip or spin by. In checking for this condition a thin film
of alcohol on the threads will increase the stripping. Alcochol on
well-matched threads will not cause stripping. It is good practice to
carefully check 1ids and jars on each bottle or lid shipment so that
if stripping occurs, it will be caught before the bottles are on the
shelves. If new bottles are being purchased, a simple check of mold
numbers will show whether or not the new bottles are the same as those

found to be satisfactory.

Small Bottles and Closures (less than ome gallon).

There are many styles of smaller jars available as shown in Table 3.
In general, the most popular are the tall straight-sided jars without
neck constrictions. These are made by several manufacturers and
availability varies geographically across the country. The most com-
monly mentioned brands are AC, Armstrong, Brockway and Owens-Illinois.
The favored styles are Paragon, Straight~Sided, and Wide-Mouth.

We suggest that the choice of styles be based on the availability
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Table 3. Styles and Sizes of
S8traight Side Jars-~Figure A
1=02Z + .« + « « . . . k3-hoo
2 53-400
Lo 53-400
L 58-400
& 63-400
9 . . . . « . . . . T0-koo
164 . . . . . . . . . Bg-koo
32 0w v e e e e 89-Lkoo

Paragons and Tall Recund
Jars--Figure 3B

1/2-0z . . . . 28-hoo
1=0Z + & « + + « . « 33=h00
I . . . 38-400
o 43-400
2 38-L00
I LB-Lk0O
6 53400
8 58-L00
12 58400
16 63-400

i:::;} fﬁi

M’
A B

Common Screw-Top Bottles.

Econony Jars--Filigure C
Yooz . . . . . . . . hB-ikoo

& . . . . . . . . . 53-hks0
8 . . . .« .« « . . . 58-bhoc
12 . . . . .+ . . . . 58-koo
16 . . v .« . < . . . 632Lo0
2y . . . . . . . . . 63-ko0
32 . . 4 4+ +« « . . TO=hkoo
32 . . . e e e e T0=-G
5T « v ¢ v« e . . T0-G
Wide Mouth Round Jars
Figure D
l1/2-gal. 83-400C
l-gal. 89-Loo
120 Wide Mouth Round Jar
Figure E
l-gal. 120-L00
Wide Moutn Buckets-~Figure F
5-gal. 120«K

CaruEE—

N

-




—26-

of closures. For example, polypropylene'lids are most commonly availéble
in 48, 53, 63, and 89 mm. If a collection used the 48, 63, and 8% mm
closures, a selection of up to 20 bottle'styles and sizes ranging from
4 ounces to 1 gallon (given the possiﬁle problems with matching jar and
closure thread pitch) would be available.

The widest mouth small jar reported has a 120 mm mouth with a 1 1/2
quart capacity. SO0SC and USNM have used these jars and report they
are quite useful for small deep-~bodied specimens. These bottles are
not readily available but SOSC was able to purchase 100 gross as part
of a manufacturer's overrun from Kol's Container Corp. These bottles
will accept the two-piece plastic closure that can be purchased through
SOSC and possibly a new inexpensive one-piece 1id that is currently
being investigated (see large bottle section for more information).

There are two additional sealing devices available for smaller
containers. The first in a cone-shaped polyethylene liner which is
compressed against the rim of the bottle neck when the 1id is tightened,
forming a secure seal (Fig. la). These cones come marketed under the
name Poly-Seal and are mounted in a bakelite closure. Caution should
be exercised with bakelite lids because of their tendency to crack.

The second device is an insert type liner available from Abisco
Seientifiec Co., {P.0. Box 12, Kashiwa, Japan). These are made to fit
a series of their bottles (see Table 4). Their 40 mm liner will fit
the inner rim of most 4 oz, U.S. jars with a 48 mm mouth. The liners
extend into the bottle mouth about 1 cm and seal against the side wall
and top rim (see Fig. 1b). ANSP, MCZ, and BPBM are satisfied with

these seals.
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Table 4. Dimensions of Abisco Bottles.

Capacity Height(A) Cap Diameter(B) Trunk Diameter(C)

70ml 80mm 41mm 4 5tm
112 g1 47 50
120 73 50 60
150 95 50 54
225 110 55 62
300 125 55 71
450 129 70 80
450 135 6l 79
600 150 61 89
600 182 70 95
900 172 61 116
1800 215 70 118

3600 252 © 119 160

elosure

Figure 1. Sealing devices; (A) Poly-seal, and (B) Abisco insert.
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Large Bottles (one gallon and larger)

Gallon jars are available in mouth widths of 89, 110, and 120 mm
{see Table 3: D,E}. Most curators prefer the 120 mm mouth width which
will accomodate deep-bodied specimens. BRBoth metal and polypropylene
closures are available for the 89 mm but it would be preferable not
to use the metal due to rusting. Only metal caps are available for
the 110 mm and these should be used with a polyethylene liner. Two-
piece plastic tops for the 120 mm mouths are available in case lots
from the SOSC (100/case @ 55¢ each). These closures have been used
with good results but must be seated firmly. It is recommended that
a special wrench made for these tops be purchased from SOSC. Dr. Knapp
(808C) is also investigating a new one-pilece polypropylene closure
for this jar that is available from Kol's Container Corp. The new
cap is about 1/3 to 1/5 the cost of the two-piece S0SC top.

- In the past there has been a wide mouth 132 mm "glass bucket" (see
Table 3,F) available in 2, 3 and 5 gallon sizes which came supplied with
a wire neck handle. ' This product was discontinued in 1378 by its
manufacturer, Owens-Illinois, and has been replaced by a new 5 gallom
"elass bucket" with a 120 mm mouth. The 132 mm lid is now unavailable
and it has been suggested that the'life of the 132 mm metal caps on the
"glass buckets" found in many collections may be extended if a thin film
of petroleum jelly is applied over the inside of the cap (including the
threads) in combination with a polyethylene liner.

Owens-I1linois is alsc planning to market a 2.5 gallon jar with
the 120 mm meuth but it is not in production as yet. The two-piece S08C
1id should fit this bottle, and the one-piece closure that is currently

being tested may. Polyethylene liners can be stamped by most machine
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cutting companies in any of the larger cities. It is usually less
expensive to contract the cutting of liners than to cut them in~house

on a punch or drill press, especially in large quantities.

C. GASKET-TOP BOTTLES (bail top and clamp top)

Approximately 66% of the respondents state that they are currently
using gasket-type canning jars but 57% of those reported that they are
still using stocks of brands that are now discontinued or unavailable
{Atlas, Ball, Kerr or Masom). However, most museums have long since
depleted their supply and are looking for new sources.

Gasket-type jars have been very satisfactory storage containers.
While 91% of the respondents reported that they have had evaporation
problems with screw-top containers, only 42% reported problems with

gasket-jars. Nearly 70% of the problems with the jars are either in

lems were due to imperfections in the jar itself (167%) or in evaporation
assumed to be caused by temperature fluctuations and relative humidity
(16%).

Perhaps the major advantage of clamp-top jars is that a pood seal
is possible automatically--when the bail is put into place, the 1lid
shuts tight. The quality of the seal is not dependent upon the strength
of the person closing the container; retightening is not necessary.
"Backing-off" is not possible with clamp-top jars.

The number of bail-top jars available has dropped drastically in
the last decade. The only American jar currently produced is the 1/2
pint "old fashioned candy jar" made by Wheaton (1301 10th St., Millville,
N.J.) and Lusk-Fresh-Pak Candy Co. (2525 Rockingham Rd., Davenport, Iowa};

a similar 16 oz. tall jar was discontinued several years ago. The "old



w30

fashioned candy jars'" have caused problems in some collections. First,
some respondents thought that the quality of the bail-wire (the metal
clamping device that holds the top on) was poor and would not last for
archival storage or multiple opening. Secondly, there are sometimes
irregularities in the two glass surfaces that clamp the gasket (the
gasket is the rubber device that is between the bottle rim and the top}.
Examination of the tops show that the mould does not always produce a
flat surface. The gasket will take up this imperfection in some cases
but the bottles should be held inverted to check for leakage after
closing. Usually, if the bottle is defective it will leak right away.
Although Lusk-Fresh~Pak reports that the bail wire has been changed on
their bottles, a sample of their 8 oz. jar recently sent to members
of the committee was found to leak alcohol.

The far more popular jars are all imported from either France or
Italy. These jars are available under the brand names Triomphe,
Le Parfait, and Vasi Ermetici Fido. Triomphe is available from Wheaton
and J.G. Durant (Wade Blvd., Millville, N.J.) on large order, and from
local distributors in smaller gquantities. Le Parfait is apparently no
longer being imported into the country, but direct shipments are possible
if one is willing to handle a sea-container load at a time. The Vasi
Ermetici Fido jars are a newer product that have not been tried in
collections (see Table 53). They are available from Fedenza (8300 NE
Underground Dr., Gladstone, MD).

As shown in Table 5, most of the imported canning jars are available
in sizes ranging from O.Slliter to 5 liter., Le Parfait and Triomphe
jars have round bodies while the Vasi jars are square in all sizes under

4 liter. These square bottles might stack better and save shelf space.
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Fedenza also imports a glass~top gasket bottle that is sealed by a

plastic screw ring. These Vasi Brevettati jars (see Table 3) take

the game type of gasket as the clamp-top Vasi Ermetiei Fido jars.

innovation has not been evaluated for collection use.

This

Table 5. Common sizes of imported canning jars based on the
I'talian Vaso Ermetico Fido 0,5 to 5 liter.
modelio pese capacitéd diamelro superiore allezz&
A) VASO ERMETICO FIDD 3508 g. 535 ct. 500 mm. 100 mm. 100
8} VASO ERMETICO FIDO 750 g. 385 cc. 750 mm. 94,5 mm. 1185
© €) _VASC ERMETICO FIDO 1000 . g, 685 ce. 1000 mm. 100 mm. 148
D) __VASO ERMETICO FIDO 1500 g. 875 cc. 1500 mm. 100 mm. 183
E) VASO ERAMETICO FiDO 2000 g. 1105 cc. 2000 mm. 100 mm. 239
F) VASO ERMETICO FIDO 3000 g. 1330 cc. 3000 mm. 100 mm. 272
G) VASQ ERMETICO FIDO 4000 g. 1365 cc. 4000 mm. 100 mm. 279
“H) VASO ERMETICO FIDQ 5000 g. 1363 ce. 5000 mm. 100 mm, 279
" ' 'v'g;g.;REVETTATO 500 g. 535 cc. 500 mm., 100 mm. 100
B) VASO BREVETTATO 750 g. 385 cc. 750 mm. 935 mm. 1205
C) VASO BREVETTATO 1000 g. 665 cc. 1000 mm. 100 mm, 148
D) VASO BREVETTATC 1500 g. 875 cc. 1500 mm. 100 mm, 183
E} VASO BREVETTATO 2000 g. 1108 e, 2000 mm. 100 mm. 239
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Discounts are sometimes available on large bottle orders. Wheaton
requires at least one~half a container load or 6,000 Ibs, while Fedenza
has_é graduated discount system. Fedenza is also willing to handle
direct international shipments to most ports of entry on very large
orders, with discounts up to 20%. Due to variable policies within
companies (size of orders, shipping distances, ete.), it would be
bast for collections to contact the importers directly to avoid
confusion. Wheaton or Durant might also be willing to process high-
discounted large orders but this has not been confirmed at this date.,
If one museum is willing to handle the distribution it mighﬁ be
worthwhile for a few institutions to join together for better pur-
chasing power.

In all bail-top jars the gasket will crack over time. The
type of rubber used is designed to be resiliant and have spring-
back qualities to form a good seal aud to stand up te water. Gaskets
are not designed to withstand alcohols and when so used there is
swelling and extraction of plasticisers which are needed to maintain
the flexibility of the rubbér. As the plasticisers are extracted
they move into the alcohol solution and the gasket begins to dry
from the outside. The gasket becomes brittle, then splits and grad-
ually allows evaporation. Several types of gasket naterial that are
more resistant to alcohol are available. They are far better than
the gasket supplied with the bottles and can be stamped out by most
1oeal machine cutting companies (if none are available locally, try
Ponn Machine Co., 56 Garden St., Everett, MA). Buna-N (synthetic
Nitrile rubber, also called Hycar) has been used with good results.
Butile EPT and a good quality (military grade) Neoprene are also

rated very high for alcohol resistance. The MCZ is beginning to
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run a series of tests to determine which is the best for alcohol
collections. Rubber is available in several grades of softmess (ralled
duro by the industry) and éamples of the rubber should be requested
prior to placing any order. It is possible that a slightly deeper

and softer gasket will take up many of the irregularities of the mould
and some of the stress on the bail wire. A pre-production sample of

the gasket should also be éequested and tried on the bottle. When
produced these gaskets are stamped from large sheets and it is possible
to strike two size gaskets at the same time by designing a tool that
cuts the smaller size from the inside of the larger. This saves on

cost of the stock and in production time.

D. SPECIMEN TANKS

Tanks constitute a significant specimen holding method in most
collections and, with the discontinuation of the wide mouth glass
buckets (132mm) usage will probably increase. Based on questionnaire

replies, Table 6 shows the wide range of tank capacities in use today.

Table 6. Capacities of tanks currently used in North American
fish collections.

No. of
callons 10- |20~ | 40~ | 80~ | 200~ | 400~ 600~} 800~ 100CQ
per tank {19 |39 |79 [199 1399 |[599 {799 | 999 | plus

No. tanks [243 (3351559 ¢ 80| 90 20 9 5 3

The style of tank most generally used (40% of tank users) are those
manufactured by Steel Fixture Manufacturing Co. (P.0. Box 917, Topeka,
Kansas). They are stainless steel and are available in 15 x 18 x 15
(18 gallons) and 15 x 36 x 15 (35 gallons) sizes; all come with Buna-N

synthetic rubber gaskets. They are relatively expensive (about $1350
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for the smaller tank). These tanks will occasionally leak under fluid
pressure, for example, as alcohel is sloshed around when the tank is
moved. It has been noted by at least one respondent that salt spray
will corrode the fasteners:; the manufacturer is currently doing a
product survey to see if it would be worth $20 extra per tank to re-~
place the current fasteners with stainless steel fasteners impervious
to sea water. Upright metal extension shelving and wooden dollies are
also available through Steel Fixture.

Although Steel Fixture tanks are readily available, the majority
of institutions (approximately 60%) use a wide variety of units that
are either built in-house or contracted to local shops. These are
made of a variety of materials including epoxy-lined marine plywood
boxes, fiberglass—lined wooden boxes, stainless steel-lined wooden
boxes, or solid stainless steel. Although & time investment by col-~
lection personnel is usually necessary for design and construction of
custom tanks, the advantages usually make up for the investment. Custom
tanks can be made to match the space available in a given collection
(under shelving, in corners, etc.), and custom design is the.onlf way
to obtain the very large tanks. Locally made tanks can be more econom-
ical and savings in shipping cost are usually realized. For exanmple,
the all-stainless tanks recently made for the MCZ in the Boston area
are a heavier gauge steel than the Steel Fixture tank, are somewhat
larger, fit under existing shelving, and do not leak under fluid pres-
sure {(see Figure 2 for more information). Cost of the MCZ tanks was
somewhat less than the Steel Fixture price. Wooden dollies can be
made economically by using good quality plywoed and industrial casters.

Casters should not be attached directly to the steel tank bottoms due
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to metal fatigue and possible rusting.

Gaskets for all custom made tanks should be made from Buna-XN
synthetic rubber, high quality (military grade) Neoprene, or other
alcohol-resistant products._

Small collections use an ingenious arfay of containers as tanks,
including 30 gallon cast-~off plastic drums, 5 gallon plastic pails with
lids (obtainable free or cheaply from fast-food outlets; seal well),
fiber-drum "Liquipaks' lined with Necpreme (hold up well to formalin),
and polyethylene trash cans (not very satisfactory--helps to line them
with a heavy plastic bag). Polyethylene and polypropvlene tanks
purchased from biological supply houses were reported not to seal well,
Ceramic crocks are .used as tanks in many older collectioné, the glaze
is frequently defective allowing rapid evaporation. If uncracked,

crocks will hold alcohol indefinitely but are quite inconvenient.

(=

NTLotsT LATCHES

Figure 2. Custom made stainless steel tank designed by HCZ. Angled
rib on sidewall results in excellent seal (A}, and (B) cross-
creasing on top keeps tension on corners.
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E. EVAPORATION ARD CHECKING Of COLLECTIONS

The answers to this question were vague in many cases; specific
causes of evaporation have been discussed under each of the container
sections.

As shown in Table 7, curators expressed the frequency that their
collection is or should be checked. Most respondents felt that a yearly
check is necessary. In a collection where poor quality closures (e.g.
bakelite lids) are used it is essential that they be checked more
frequently. |

Table 7. Frequency of Alcohol Check

Collection should be checked ‘ Number of respondents
every 4-6 months or less _ 2
every 6 months 6
yearly i5
every 2 years 7
2-3 years 3
34+ years 4

These data are based on a question asking how often each col-
lection is "topped off". As noted by a number or respondents, there
are serious problems with the practice of partially refilling bottles
in which alcohol has evaporated. During the early stages of fluid
loss, the alcohol portion is lost first because it is more volatile
than water. In drastic cases, only water may be left in the bottle.
If standard alcohol sclution is used to "top~off" a bottle with weak
alcohol, the bottle will never return to full stremgth. On the other
hand, while "topping-off" with a solution stronger than shelf strength

(say 80% ethanol) may bring the storage strength up, one can never be
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- gure that the strength is sufficient, since solution strength in the
"topped" bottle was not known. In view of these uncertainties, "topping-
off" should be avoided when economically possible or when evaporation
has reduced bottle contents by 10% or more. If "topping-off’ must be
done, the alcohol soliution to be added should be stronger than the
usual concentrations.

"Topping-off" introduces air to the alcohol and, as noted in
Section 1, Part D, this may increase the rate of specimen decomposition.

RECOMMENDATIONS
'F. Screw-top jars .

1} Purchase from a manufacturer or distributor when possible; avoid
purchasing from scientific supplies houses because of very high
COStS.

2} DPurchase in lots as large as economically possible--volume discounts
are suBstantiai.

3) Discontinue and replace all bakelite or other phenclic lids when
possible.

4) Discontinue and replace all cardboard and foil limers with poly-
ethylene liners.

3) Polypropvlene lids are recommended as the closure of choice, but
always with a polyethylene liner.

6) Metal lids are not recommended when polypropyvlene lids are avail-

able.

Bail-ton jars

1) Bail-top jars are the containers of choice for archival museum
storage in view of their superior performance. Evaporation rates

are reportedly much less than in any other jars curreantly in use.
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High cost is the major drawback of bail-top jars.
2) Gaskets are the weakest part of the bail-top system; at this time

gaskets made of Buna-N synthetic rubber are recommended.

Tanks

1) Use Buna-N synthetic rubber, good quality (military grade} Neoprene,
or other alcchol-resistant rubber for gaskets. These products are
available in varying thickness and softness, and can be cut in
strips to order. Buna-N is available in round stoek (eylindrical)
that can be split to half round.

2) Do not attach casters directly to tanks due to increased risk of
rust and metal fatigue problems.

3) Depending on circumstances, collections should make their own

choice as to purchase of ready-made or custom tanks.
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SECTION III: INKS AND LABELS

From the 46 responses that were received concerning label paper
and inks, it appears that 30%, including most of the major museum
collections, formerly used specimen labels made from L.L. Brown Resis-
tall Linen Ledger. After the L.L. Brown Paper Comapny went out of
business in 1972, it became more difficult to obtain label paper
suitable for long-term immersion in formalin and alcohol. Further,
some of the inks that had bonded well with the L.L. Brown paper did

i
not bond properly with other types of label paper. Based on the 46

.
replies, a summary of the label papers and inks currently in use will

be presented here.

A. INKS

A variety of carbon inks are being used for writing labels and
most seem to be satisfactory. Those commonly used are Pelikan No. 17
(by 17 institutions), Higgins Engrossing No. 893 (i1), Koh~I-Noor 3080-F
(6), Higgins Eternal No. 813 (5), Higgins Black Magic (2)‘and Chin
Chin (1). 7Two felt that Pelikan was superior to Higgins, two said
that Higgins was better than Pelikan and several liked Pelikan and
Higgins equally well. One was displeased with Higgins Black Magic
and several felt that Higgins Eternal was better for writing field
notes than for using on permanent labels.

In an attempt to determine which of these inks might be best for
our purposes, given exposure to formalin and alcohols, we contacted
chemists who work for Faber-Castell (makers of Higgins inks) and
Koh~1~-Noor,

The various brands of carbon inks are all fairly similar to the

three Higgins inks, which we describe here. Black Magic is a ''super”
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India ink, meaning that its pigment islcarbon black only: there are

no dyves present. The carrier resiﬁ or binder is ammohia soluable and water
based-~the ink flows from the pen onto paper, the ammonia and water
evaporate, leaving the carbon particles behind in the paper fiber and
bound to it by the resin. The chemist noted that formalin exposure
would be an advantage and would cause the resins in the ink to set
better than without formalin. The ink was originally designed for

use on drafting fiber. Pelikan-T is similar in formula to Black

Magic. Higgins Engrossing Ink is essentially a diluted black magic
with less carbon black and less resin. It is a "writing" ink originally
designed for cartography. It shoulé be less likely to clog than

Black Magic, but leaves less pigment on the label. Higgins Eternal

is a combination ink with carbon black and nigrosine, a black dye.

There is no resin in Eternal and no bonding of the particles to the
paper fiber; rather, carbon particles are left adhering to the paper
fiber and the dye stains the fibers. No estimate was available on

the life expectaﬁcy of the dye in alcohel, but the éhemist did note

that it probably would be affected by alcohol.

Koh~I-Noor inks and Pelikan inks use an animal-based shellac resin;
Higgins inks use a gelatin-based binder. Binder comstituents are
apparently trade secrets, but our informants state that regardless of
the basic stock (shellac or gelatin), most binders of these inks should
have at least ome agent that is alcohol-resistant.

A continuing problem with carbon black inks is their tendency to
clog technical pen tips. Clogging can be minimized in some pens by
keeping the "sponge" in the cap wet; this prevents drying of the ink.

If a pen tip should become clogged, pen-cleaning soluticns are available
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through office supply stores. Economy-minded people may wish simply
to use a bit of diluted ammonia (the primary ingredient.of.commercial
cleaning solutions), mixed with some detergents if necessary. Since
the ink carrier is ammonia soluable, this should clean the tip quite
well., For problem pens, ultrasonic pen cleaners have proven to be
invaluable; these machines are also good for general maintenance of
pens and pen tips.

"Running” or ""leaching" of inks into formalin or alecchol solutions
may be prevented by allowing the ink to dry thoroughly before it is
placed in liquid. Several respondents report that they dry labels
under lamps. Others dry labels, then scak them in alcohol before
placing them into preservatives or fixatives.

For field labels, respondents report use of several pens (Fisher
office pen; Repro Rlack, CRéﬁX; Pentel Extra Fine Rolling Writer, R106).
The Pentel pen has reportedly been used for writing permanent labels,
though some leaching of the ink occurs. We have been unable, as yet,
to determine what inks are in these pens and cannot now recommend
their use for permanent storage labels.

Inks for use on tags or labels made of vinyl plastic include Lee

Mark Company's #8-120-20 vinyl black ink (635 Marina Vista, Marinesz,
CA 94553) and Cal/Ink Vinyl Marking Black No. 1 (No. 104N5A4). Again,
we do not yet know the ingredients or permanence of these inks, but

their users report no problems with them.

B. LABELS
Since specimens accompanied by a faded or disintegrated label are
of little wvalue to mest ichthyologists, it is important that paper

used for labels be of sufficient quality to withstand the rigors of
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contact with specimens, handling, and exposure to formalin and alcohols.
The label paper of choice for many years was L. L. Brown Resistall

Linen Ledger. As mentioned above, this particular paper is not available

now. Federal health regulations concerning worker exposure to form-

aldehyde evidently made production of these papers uneconomical. In

eight collections, old stocks are still being used. There is clearly

a need to find a suitable replacement, especially in collectlions con-

cerned about archival storage.

OQur questionnaire revealed that many curators are experiment-
ing with a variety of label materials. These include Byron Weston
Resistall Linen Record (14 institutioms), Demnison tag stock (3)
‘parchment (3), Byron Weston Defiance 100% Index Bristel (2}, Nalgene
Poly—paper-(Z), K & E Albanene tracing paper (1), Blackstone ledger
paper, 20# typing paper (1), B & Co. permanent Labels {1}, and natural
color laundry tag stock (1). Movement to new papers, especially in
large collections, shows a preference for Byron Weston Resistall
Linen Ledger (Byron Weston Co., Dalton, MA, 01226, [413] 684-1234)
a 100%Z cotton rag, water resistant paper. This is Byron Weston's
attempt to make a paper like L.L. Brown's, given restraints on tech-
nology available. Whether its long-term strength will be equal to
that of the Brown paper remains to be seen. If you should choose
to use this paper, you must specify "Resistall"--this is a special
waterproofing formalin treatment; ome respondent notes that when
"Resistall™ was not specified, the paper did not stand up well in
liquids. The most popular type of Byrom Weston Resistall is substance

36, short grain, 1007 rag; substance 28 was considered by its users
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to be more subject to tearing than 36. A list of Byron Weston mer=-
chants is in Appéndix 5.

Two collections report use of Bio-Form vaper from University
Products, Inc. The paper is advertised as a special paper for museum
laﬁels and is sold at premium prices. Two committee members examined
samples of Bio-Form and noted a Byron-Weston Resistall watermark;

caveat emptor.

It 1s also worth noting that the paper industry no longer considers
the inclusion of flax fibers in paper necessary for the name "linen®.
Qur inquiries to Byron-Weston were answered by the reply that flax is
now very expensive and none of the '"linen'" papers generally available
contain flax.

Curators who Qish to use "linen' wet labels may find one of the
Dennison tag stocks suitable. Dennison Co., Framingham, MA, [617] 879-0311

T

has a variety of "linen," paper, and synthetiec cloth stocks available

and will print and cut labels to order. The company is providing the

Committee with samples of "Reemay,"

a synthetic they recommend as most

suitable for our purposes; tests will be conducted as soon as possible.
Parchment comes highly recommended by its users. Vellum paper (120 1b,

240 M, code 110, manufactured by Brown Co., Patapor Operations [formerly

Patterson Paper Co.], Bristol, PA, 19007; [213] 945-2200) is specifically

mentioned. Vellum paper requires special handling, including storage

in relative humidities of 45-557 and in wrappers to prevent discolora-

tion. Writing should not be done at high humidities as the moisture

in the paper will cause a slight spreading of ink.

One respondent reports, and our informal discussions indicate,

that smaller collections sometimes use 100% rag typing paper for labels.
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Although typing papers have proven satisfactory in some instances,
especially because of its cost relative to other kinds of paper, most
people who have used it find that it does not stand up well to storage
in liquids and.should certainly not be used when long-~term storage or
field use is contemplated.

Plastic "paper" is currently being used as label material by
two respondents, but several others made comments about it. Although
the plastic "paper" holds up very well in storage and in the field,
it does not accept carbon inks or inks from most typing ribbons. One
respondent commented that some plastic "papers' collapse in liquids,
becoming nearly transparent, while others of greater thickness may
have sharp edges which could damage specimens. W.N. Eschmeyer notes
that the Department of Invertebrate Zoology at The California Academy
of Sciences has been using Nalgene Poly-paper with goed results.

Tags for field labels or for use with large specimens in tamnk
storage can be made, as mentioned above, from Dennison linen tag
stock, or from vinyl plastic. In several collectionms, stainless steel,
monel, or aluminum are used for specimen tags. The Dymo typewriter
1011 is useful for stamping catalogue numbers on tags of plastic.

Although our questionnaire did not include a question on ﬁype—
writer ribbons, several respondents mentioned that curators should
make sure that their label stock is compatible with their typewriter
ribbons. Good quality carbon ribbons are listed as best. It has
been reported to us that in some cases, use of transfer ribbon has

resulted in letters floating off the labels immersed in alcohol.
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3)
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RECOMMENDATIONS

Use a geod quality carbon ink for labels.

Use a good quality paper, at least a 100% cotton rag, for labels;
the most highly recommended label paper is Byron-Weston Resistall
Linen Ledger paper, substance 36, short grain.

Excellent field labels can be made from Dennison linen tag stock,
the Resistall paper listed in 2), or from vinyl plastic.

Make sure the ink used for labels is compatible with the label
paper. |

Typewriter ribbons should be good gquality carbon ribbons; transfer

ribbons should be avoided.



ey e

SECTION IV: COLLECTION ENVIRONMENT

One often overlooked problem in collection curation is that of
the collection environment. Maintenance of proper light and tempera-
ture conditions can significantly affect specimen preservation. Based
on the information pooled from the collection questionnaires, the

following practices/conditions are currently being followed:

A. ROOM TEMPERATURES (41 institutions replied)

Temperatures fluctuate from little or none up to 43° F per year
(mean fluctuationm = 12° F). Twenty-three collections varied 0% - 10° F,
eleven varied 11° - 20° F and seven showed a 21° - 45° F range.

The average yearly temperature of all collections surveyed was

68.8° 1 (range = 60° - 10&0 F).

Light may be the most significant factor contributing to fading
of specimens. Of the 40 respondents, thirty noticed fading in spec-
imens kept in lighted rooms. Only eight noticed no fading while two
could not tell. Ome commeﬁted that florescent lighting was particularly
bad for specimens and several indicated that sunlight was most conducive
to fading.

| Of the 46 institutions that replied to questions of lighting,

thirty-eight house their main collections in darkened rooms; eight
are maintained in lighted or semi-lighted areas.

Twenty museums report use of their main collection areas for
purposes other than collection maintenance. Seven of these average
1-5 hr. of light/day and thirteen average 6-10 hr. of light/day.

The primary light source is florescent lighting (34 collections);
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incandescent lighting is used by eight institutions while two employ
both types. One respondent notes use of ultraviolet filters on
florescent lighting; this is an excellent idea for collection spaces

which are also uzed as work areas.

C. DISCUSSION ANDlRECOMMENDATIONS

Clearly, in many cases, little can be done to significantly
alter building temperatures outside of changing the entire heating
and cooling.system. This is unfortunate because temperature is prob-
ably second in importance to alcohol strength in maintaining specimens
in good condition sincelhigh temperatures speed autolysis. Further,
temperature fluctuations can cause closures to loosen, allowing alcohol
evaporation. Lighting, however, can be altered to some degree and
may reduce room temperatures a few degrees where sunlight is a factor.
Since light (and guite possibly the combination of light and heat3
does appear to fade specimens, some corrective measures can be employed.
Recommendations are as follows:

1) Maintain specimens in the coolest and darkest environment
possible. Such conditions tend to reduce specimen fading
and alcohol evaporation. Additionally, low temperatures
retard the action of temperature sensitive proteolytic
enzymes.

2) In large collections the installation of individual light
switches between ranges not only aides in reducing the amount
of light reaching specimens but also saves energy.

3) Type collections, which generally occupy relatively little
space, might be moved to separate, cooler, and less lighted

areas.
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5)

6)

7)

dy B

Where permanent emergency lighting is required, lights of

low intensity could be used (also an energy saver).

Windows in collection rooms need only a coat of black paint
(recommend “Insulux" window paint) or heavy shades to virtually
block out light entirely.

Avoid storing specimens in well lighted offices over long
periods unless darkened shelving areas are available.

Try to avoid extreme temperature fluctuations in collection

rooms.
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SECTION V: ELECTRONILIC DATA PROCESSING

Of the 48 responses to the EDP question, 14 imstitutions indicated
that they have some form of EDP availabhle for their collecticns. The
majority of these are satisfied with their current programs although
about one=-third complain about the cost of the system and the problem
of hiring efficient help. Thirty-four collections have no EDP
facilities. The greater part of these believe that the money spent
on data processing could best be spent for more pressing curatorial
needs, field work, etc. A few also question the reliability of an
EDP system where there is the possibility of utilizing misidentified

material and erroneous or insufficient data.

SECTION VI: COMPACTORS
A. DISCUSSION

The increasing problems of collection growth have recently led to
a serious examination of movable shelving units, or compactors, by
gscientific institutions (see ASC Newsletter, vol. IV, no. 2, April,
1976). The idea generally involves placing shelving units on movable
carriages, permitting the use of previously wasted aisle space.

Several firms now offer compactors systems geared to museum needs;
some are quite flexible and can be custom designed. For example,
existing shelving can be utilized on some units. Motor-driven as well
as manual systems are frequently offered.

Cost savings and space savings are considerable. At the Academy
of Natural Sciences of Philadelphia, for example, the cost of compactor
installation in existing collection space was less than half the

expense of building sufficient additional space,and usable collection

space was increased by some 70%.
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RECOMMENDATIONS

1) See ASC Newsletter previously cited.

2) Consider the pros and cons of manual vs. motor driven units.
The ANSP units are manually operated and are very easily
moved.

3) Contact institutions currently using compactors. At the

time of this report, ANSP and the Florida State Museum fish

collections have been compactorized.
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CONCLUSIONS

‘"It has become apparent to us during the ﬁreparation of this re-
port that much remains to be done. While we would like very much to
do the unusual and ask for our committee to be quietly put to rest,
we think it would be useful for the Society to continue the life of
this committee, or one with its charge. 4 Curatorial Practices and
Supplies Committee (or sub-committee) can provide a forum for debate
of unresolved issues and can serve as an information clearing house.

Certain topics discussed in this report need immediate action;
others, less urgent, should also be addressed. In the former category,
there is a pressing need for research on the chemistry of alcohol=-
preserved vertebrates. A veal understanding of exactly what causes
short~ and long~-term degradation.of museum specimens must preceed
preseriptions for correct museum practices. A second issue in
need of discussion is whether or not formalin residues should be left
in specimens in permanent alcohol storage. W.R. Taylor's findings
indicate that significant lenghtening of the useful life of specimens
may be obtained by leaving some formalin with them. On the other hand,
an occupational hazard most of us face is formalin allergy. Some of
the members of the Society suffer from severe formalin allergy and
would be affected by formalin residues left in preservatives. This
issue needs to be discussed and alternatives considered, e.g., washing
material to be handled by allergy-suffers and then re-fixing it.

Less immediate, but still important, areas of concern are changes
in technology in materials and products used in collections. Papers,
inks, typewriter ribbons, gasket materials, etc., are supplies we

.all use and all of these are changing. New products such as plastic
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"napers" need to be evaluateda In many collections, curators are in
- fact now testing new prdducts, experimenting with buffers, fixatives,
gasket materials, light filters, and many other things of interest

to other curators. Such information should be made available. If
this committee is continued, we offer to serve as a clearing house
for information on curation-related supplies and practices. Our
success will depend upon cooperation from the membership of the Society--
upon our receiving information from people regarding tests they have
run, problems they have found, etc. We can maintain up-to-date files
of where products can be purchased and could maintain a list of
institutions who wish to pool their resources with others in order

te participate in bulk purchases.

1f we find interest in these various topics to be of a level
warranting rapid dissemination, it would be useful to produce a short,
irregularly distributed newsletter. For example, if the "formalin-
residue" débate should generate interest, the various arguments pro
and con could be sent to interested members. Users of this service
would have to bear its cost, but we forsee a minimal subscription
cost for copy services and postage.

We will end with a plea: The value of this committee to the
Society depends upon input from the general membership. The answers
to our original questionnaire provided the basis of this report--a
report which we think is a good beginning and will be useful to many.
We ask Society members to contact one or more of us when something
of interest and appropriate to our charge is found. Only then can we

act to get that information to the membership.



-53~

8933 TUWO) UCTIDSTTON Teoyborofuiysy
HISY 9Ya Jo s20T30BId puw 8a71ddng
1PTI03eIND UO IIFFITHUCIART D0Y PY

SNOTIORTIOD TYDIDOTOAHLHOI J0
NOFLWH(D NI qISN SEIILO¥HE ANV
SATTIANS JHAHEOD NO SHIYNNOILSIND ¥

TeoT80T04Ulyod] FO UOFIRING U PISN EBDEIORIJ pue

. o] f 318

3933Tumo) noyINRTI0) (EIFEoTodyiysy
HISY 24 Jo ®3d712e3g puvw &ayyddng
IET101TING UD PRIJTULOIGNS SOy PY
uBwATRYY ‘AWIY Y WETIITA

*Ainay sanoy
‘uopintadoos anok xoj nof wueyy
radatasus posoisua oyj uy sateuuctisendt oyl uinjal 9swdTq

‘euozTay uy Juyiacm YISY IXIU YD IR PITENIBYP
34 T{IA PuUP BIQETIPAE dpew oq ITTH £oAINS SIY) Yo 81Tnsaz oyl

*faesgazau 31 sofed yruoTIVPPE
uo--11] 238 nof s¢ suoplgsnd ayj yo Aue uo puedxa o3 a3 [da]

. FAMBEISIAUYT LR DUY] oYL IIPEBUOD
asea[dwwsn Jo TTR 103 sBulaes aegjop uyp (nsax Lrynyadoy Trya daded yaqey
pue saertddns 071204 Jo sawru 2oy sisanbai se yong sworisand Jurwnsuod-swyy
axow 84yl Jo fupy emIl inok Jo STIIET srrnbasx TyIm sworisanb ayl jo IsoN
+1y Buyuywrxa 1nok 01 Jusaslap B ge 30e jou sacp yiBway say vyl adoy am pue
a1qyssod se juaysy3je-owyl Se aq o) psuldisap usaq swy AaTruncyisanb ayy

‘YTl 583Y] uy =28 01 T PINoA nof ‘Aue 31 *safueyd
TEYA PUT 2DUPUBIUTHG UGCTIDITTOD UT op nod leys UT PAlgEldiul aiw sy Lwpo]
SUGEIVDTL09 yeogy up pasn Fuyaq spoylew 3yl ju 2an3dyd yidep-uy ue 3193 03
PaITINUIO] uIaq sey aaycuuorlsenb posofoud ayy *s2riddns wnasnu Jo §32In09
pue sainpavoid Huypaedax [ osnoyluriesyd, wOTIBUIOJUY Ue YSTIQEISI 01 INTY
G3TE PIUcM 3M  *SUCTISIIIOI USTJ UPITAIWY U EBEainpavold (ETI0IRIND JuUsIind
30 Aaaang ® yigm padieyd usaq SPY @IIITULO] UOTIIB{T0) TeITI0ToLNIYIT HISY
ayy Jo saaricerg puw sapiddng Teiiogeany uc 2233jmmodqng Doy P BYL

. ranfeatyog assq

*SUOEIIBTTOD

1ddng juaaan) uo saTRUUOTISONYD /6T SUL - °1 xipuaddy



-5

dunypaw 2bHevI0l8 INOL UT BIATITDPR 1910 Aue 1817 (p

ZUOTIRITUSOUSD Ieym ‘sak IT ¢ ou s8k
cunypow aberoys inof Ul INPTSSI UTTRWIOF ® saga] nok og [£2)

Zearnpedoxd
anok arxe jeym ‘gef yI  ° ou g8d ¢sdajs ur

umtpaw aferons ojut dn Tetiszew pexyy anck yxom nok od {gq

2{%} @ssyy @sn nok op mcowumuunmu:oo JeYM Ul (e

*uot3oatioe Inoed ut yses jo uvorixodoxd
2y} 33e3s asee{d adf1 euo uey) srxow Hursn vie nok I Zbutrsn

AT3usxIno nok s1w (eppsw) umTpow abrIoys satjeazesord jeyM (1

‘g axeg

.IN.I

*@AONY BUI WO SIUDIMOS [RUOTITPEY (¥

Zoawty Jo porxad 1evys Jog {9

ZUCTILIIUSBTUOD IBUA IV (g

ZUT way3 ¥riax nok op wnypaw joyuym {e

‘gal 31 " ou galk
¢Atredoxd pextTy 1ou oaam eyl suswiosds Iepyo xizex nod od (g

*posn asoyl ISTT osesid ‘ssk
¥ ou 89X 29vaier pue shbe +a2-Y ‘HBuripuwy yeynads
painbhax 3ybTw JeYl [PTISIRW IOJ SATIEX]] Jdyjoue asn nok od (g

LAsyy aae JeyM

du gaf o919 ‘sI9IIng se E9AT1TPpPe Aue ssn nel og (g
% (susuroads X772 nok Op SUOTIRAIUSIUOD Joym Yy (v

zbursn sie nok jeyl satieMTy OTSRg AYI ¥ IeyMm  {%
Y dxed

YIQAW JIOVIOLS ONV SIAYLYXIA X NOIXDAS



w55

d3a21iddne 3o Je3INQEIASIP 243 ST oum (o

. ¢{s)xel ay3 3o (s)ouweu puexq Byl ST I1LYN (¥

ou gak ¢fae( bBuyuuen Jo doj-yteq asn nok oa (F

) wauwz pojesxy Ayl aaw
Jeysm ‘sak JI v ou gai gbhuriysnx jusasxd 03 apysur
ayl o pateaiy dayy erxe ‘sdoj Teisw HBursn axe ook 3T {%

o IsUuTT Y} JO SsSauydTYI 2yl 81 eyuym {2 -g3597 WIF}-BUOT
. 15430 -pue-310ys swos a3eIRTUT 03 adoy 8m ‘elwp STUI JO sSTSATeUR J3JIJY
[—— . £ aM eyl saTieiadwT ST IT OS suswILAds SwWOE
: ? 3@ Iau ou * * maya 3sepim aul 39 - T eyl i

.||||1|cumowmhmw .muﬁﬂﬁmnu urt ﬁwmswmwwM;HNWaMMhu a3 xwwow { JO_UOTILILAIUTSTP TEADRID DUR Dur T B O e ot a09s
v : 13 " h e +p103 U0ag @aBy noA 3EYm MOUY Sn 39T Psed(d SIBYJIO WOIF SITIOS
. 10430 10 piest 2avy 1INg ahHpaTMouy pury ISITy aaey 30U Op nod I SIUSUNIOD
e P inok aWTY pirom am fsadil yjoq yatsm padIiom sasy nok yr -touodye

* sorpousyd 30 anfieyeq * suaidozdLyod noe et .
/——"—le3su -esn nok (5)do3 30 (s)adk3 ouj ooy (o 19319 uT abeiols wiaizbuol Jo §3093J9 SUYI S¥ PTIVITID> UDRS UT

pejsaIdjul 1SGR 53 BM 3NQ Ioadey ' aq Aew SISO "YOERd U0 SIUSLWOD
ueo pue oxd anod 9%i1 PINOM M ‘eIpsw Om} dAOge By} JO S8sN BYy
buypaebar suorzsenh Jue[g-sYI~uT-TIT3 30 Ou-sad xse o3 arqyssodur
1SOWTE ST 31 8oUI§ 'sUOTIORITOD Uy untpauw abexols e se Joueyld

10 TAdoidosT I343Te FO @sn 9yl 03 pawbsI UT ST uOTIIOE STYL

*D aleg
ZIaingrIgsty 10 zatrddns sy3 8T OouyM (9 '
¢is)xel sy3 jo (s)sweu puelq dy3 sT Jeym (e
ou 534 zsIsurejuon dol-Mmains asn nok og (I
. abed sTUl
30 oeq eyl 9sn ssesld ‘poposu sT eoeds exaxs 31 -butAoTiol Kytue3z ‘ebe3s a3t
ay3 xemsue asesyd wmasnw anod e pesn sie{ sserh buipyebsy : WOIGEH (Aryues =3 FTL) anodd
‘¥ 1xeg ‘motadq ut 11T °seard eal 31
< ou sak ¢, amipou sbexojs Tewrou, IN0A ueyl Iayjzo ug
SHANIVINOD NAWIDA4S 71 NOTIDAS (-»3a ‘setytue; ‘sabe3s 2311) sdnoxb teioads Aue 53038 nod od (2
1M|



-5H-

JUOIT SPRIR SIDUTLIUOS BYI SxY IeYMm (4

X ® EISUTEIVOO BSOY) dxe BITH Jwuy (e

yusuryiwdap anok
. uy saey nok op Sxyuel uswroads ebrey Auew moy Kyajwwrxoxddy (Y

-BUTMOITOY 9Ys Jomsue agesfd ‘syuel uswyosds sbaey Huypieboy

‘g 3aed
1 g3USUWO) TRUGTITPDY

L aayae ¢ gbeq o138eTd ¢ saxoq araseid
SOXCq pirogplied JTETISYRM feialsNs Inok siols nok op MoH {1

*HUTMOTTIO] Byl XoMmsue zsesid ‘oberols [eTIdvw TEISToNS bBuypavhsy

0 33vg
-mpoou anol jsew fayy 11eA
MOY UG pueR UOFIDSTY0Y anock uy pegn sdol x0 s8TIN0G SYI uvo
SIUBLMIOD TRUOTATPPe Aue ayew ©3 23813 [ed) 850874 SLNAWHOD §:)
*pIDY SIUSTUOD TPUOTITIPPE Aue
ayew PSeald ZEIAUTLIUOD BAOQEY YUY UITA PaTISTIRS nok aay (o .
LUDTADBTION Inok Uy SIduTeIUoD 8yl yyo-doj ol Azwssaddu usaqg
sey 3t 1053 nok op us110 Moy ‘uorieiodeas pey saey nod IT {q
xsanyoernuen 10 ratiddns inok €T oym (p
suotyexodens Y3 JO 98nes oYy ST 1933 nok Op IeyM (¥
. ou sak ¢sael doj-y1req anok uy o0 ou g0k
Zejues Inok uo pssn 8t 3ayseh yo adA3 jeum (o ¢sael doj-maios anok uy doyjexodeaa TOYODTR panyiou nok sael (f



ismarTqoId gqd oviroeds uo sjusumon

FEIUSIROCD D)D
*£oustoTEze ‘3500 JO swied ur IT YA parysvies nok oxe ‘msk 1

duaasis JaI ue aary nok og

DNISEEI0Hd YIWd DINCHLOZTI A

IBJUSUIOS TRUOTITPDY

vw . ou 58k
:w {swoox paauybrr uy adsy suswisods uy Huilpel poOdTIoU nol sary
F JUBIBIANOTY IO JUBOSDPUEDUT HLINOS JUBTT anok sy

£3UBTT 30 uorieanp ATrep obwioaw
8Y: ST IPUM ‘TRADTILIDT usuTonds 10 IDUBUDIUTEW UOTIDI[TOD
ueys zsyje sasodind 1oj uo o1v sSIYBTY waoym swoox uwr 3dey I

ou sai
{SWONIT pAUSHIVP Ut Io yaep syt uy 3day uorINa[T0o xnok Sy

Iubr1

*gwoox 2bexols syl 3o sinaexsdwey ATavsA abexsay

} tpanosiqns
HOTI03[T00 anok ST uoylenionijy =2injedsdusi JO JuUnowe 3jeys of

axnjeisdusy,
INFHWROUIANT NOLLDATION AX

l-m|

{e
iz
(1
NOILOZS
(Epasu Inok BTITZ 3899 1997 noiA Op UL JO puURIq IDUM

{s
ty 2sxaded saogqe oyl 3o Xue yytm uwerdqoxad Aue pey nok sAeH
{€ ou sk gaeded.Atod

aushTeN se yons sieded atisyiuds ayz 3o Auw paixz nolk saey
{z 2 asylo

g 5831-U0370D

) weld ¢3usoaed ul juajucd ISQIY 9Yl ST ITuM {4
it zaaded 9yz jo 3ybrom sy3 mouy nok og (e
‘8 3Iegd
4
(1
. 10 sunasny xnok 3e pIsn ATjuszans
¥ 3IEd aded jue3lsTsax [OYOOT® PUER I93EM JO sueld pueld ayy ST Ieuy
NOILOAS

ANT OGNV ¥IdVd 'TIGVT

-y -

144

(e

1£4

(1

fIITI HOTLOFES



~58-

Appendix 2. List of Respondents.

American Museum of Natrural History, New York, NY; D.E. Rosen
Academy of Natural Sciences of Philadelphia, PA; J.E. BShlke
Auburn Univ., Auburm, LA; J.5. Ramsey

Bernice P. Biship Museum, Honolulu, HI; J.E. Randall

California Academy of Sciences, San Francisco, CA; W.N. Eschmeyer
California State Univ., Fullerton, CA; M.H. Horn

California State Univ., Sacramento, CA; M.R, Brittan

Chesapeake Biological Laboratory, Solomons, MD; F.D. Martin
Cornell University, Ithaca, N.Y.; E.B. Brothers

Duke University, Durham, NC; J.G. Lundberg

Field Museum of Natural History, Chicago, IL; R.K. Johnson
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