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ABSTRACT

High levels of mercury have been found in the Florida panther, a top carnivore of the Everglades.
Similarly high levels have been found in other mammals, birds, and fish from the Everglades and
other parts of South Florida. The principal source of mercury contamination in the panther is
from the aquatic food web. The time period and the source or sources of this contamination are
not known,

The purpose of this study is to investigate the historical contamination of mercury in the Florida
panther and other wildlife species by correlating the historical record of mercury content in
wildlife tissues (i.e., hair and feathers) with anthropogenic activities involving mercury in Florida.

Fourteen bioindicator species have been identified for tissue sampling and analysis. Six historical
periods will be sampled, each reflecting a period of generally different anthropogenié activities
potentially contributing to mercury contamination in South Florida. For mammals, hair samples
will be obtained by combing museum specimens. Protocol studies indicate that there is no
significant difference in the mercury content in hair from different body locations. For birds,

body feathers and primary feathers will be analyzed.

The report that follows presents the protocol development and specific details of the sampling
protocol.
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1.0 INTRODUCTION

Alarmingly high levels of mercury have been found in freshwater fish and wildlife throughout the
State of Florida, especially in the Everglades ecosystem of South Florida. Particular concern
exists for the Florida panther (Felix concolor coryi), because very high levels of mercury (greater
than 100 parts per million (ppm)] have been found in the liver of one specimen of this species.
These levels have been correlated with high levels of mercury found in raccoons, which are
considered a major prey species for at least one of the panther populations in the Everglades
(Roelke, 1991; Roelke er al., 1991). These reports indicate that mercury contamination in the
aquatic food web has led to exposure in the Florida panther.

The length of time and the source or sources of contamination in the Florida panther and other
species are unknown. Historical studies of mercury using museum specimens have correlated
anthropogenic activities with mercury concentration’, including one study on mercury content in
feathers of Swedish birds (Berg er al., 1966). In the Berg study, specimens over 2 100-year time
period were analyzed. Mercury concentration in feathers of several species of birds was 18 times
higher during historical periods of mercurial pesticide use than in pre-use periods and declined
after the use of mercurial pesticide stopped. The primary source of mercury contamination was
the use of alkyl mercuric pesticides. A similar study (Johnels et al., 1979) showed that mercury
levels in the feathers of goshawks (Accipiter gentilis) and ospreys (Pandion haliaetus) were also
higher (3 to 9 times) during periods of pesticide use than in pre-pesticide use periods.

The overall purpose of this study is to investigate the historical contamination of mercury in the
Florida panther and other wildlife species. Specifically, this study will investigate whether the
magnitude and spatial distribution of mercury contamination have changed in response to human
activities. In addition, the study will investigate sources of mercury in the panther by attempting
to correlate the historical record of mercury content in wildlife tissues with anthropogenic

activities that may have released mercury into Florida’s environment.

The project will evaluate whether a correlation exists between the timing of anthropogenic
development in Florida and the methyl mercury levels detected in animal tissues. Museum
specimens and recently collected specimens will be analyzed to determine the extent of mercury
contamination over a period of 100 years, a period which reflects mercury use and mobilization in
Florida. Particular emphasis will be given to the role of mercuric pesticides as a source of
contamination.
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The study is divided into two phases. Phase I involves a literature review and development of a
mercury sampling protocol. Phase II involves a.detailed investigation of the historical content of
mercury in the Florida panther and other wildlife species. The Everglades will be the first area
evaluated. Historical contamination will then be investigated in other regions of Florida with
reported mercury contamination (i.e., Kissimmee valley, northwest coast up to Suwannee and
Santa Fe Rivers, St. Johns River valley, and Suwannee River west to the Florida Panhandle) from
periods preceding and following major development events.

An interim progress report (April 30, 1992) presented the literature review and conceptual

approach to the sampling protocol. This report presents the results of the protocol development
and a description of the sampling protocol.
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2.0 MERCURY CONTAMINATION ASSESSMENT PROTOCOL

2.1 RATIONALE FOR PROTOCOL
The most direct way to evaluate the historical exposure of the Florida panther to mercury is to

analyze preserved tissues, (i.e., hair samples) collected over time. Although recent panther tissue
collections exist, the availability of hair samples from museum collections and from earlier time
periods is limited for two reasons:
1. The number of panthers in museum collections is not sufficient for a detailed
continuous historical analysis, and

2. Curators are reluctant to provide tissues for analysis.

The proximate source of mercury contamination for the Florida panther is through the aquatic
food chain; therefore, the historical exposure of the Florida panther and Florida wildlife can be
evaluated by using other species as bioindicators of historical mercury contamination. Other
wildlife species are more accessible in museum collections and assure an adequate sample size due
to a larger number of specimens available and a more complete historical record. The continuous
record throughout Florida of available indigenous mammals and non-migrating birds from the

nineteenth and twentieth centuries will facilitate the assessment.

2.2 PROTOCOL BIOINDICATORS
Two principal bioindicator groups have been identified to reflect aquatic food web exposure:
1. Aquatic carnivores known to be the prey of the panther [e.g., the raccoon (Procyon
lotor)}, and
2. Other wildlife species whose food habitats will be indicative of mercury contamination

in the aquatic food chain [e.g., otters (Lutra canadensis) and pisciverous birds].

The selection of appropriate bioindicators for this study should meet several general criteria,
including:
1. Recognizably distinct mammal and bird species or subspecies with geographical and
historical representation similar to the panther;
Sedentary, non-migratory, or local breeding;
Relatively ubiquitous throughout habitat(s) for which adapted; and
4. Relatively common and not presently threatened or endangered.

2-1
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Based on the review of literature and discussions with project committee staff (see Appendix A),
fourteen bioindicator species have been chosen and will be used as bioindicators to assess the
historical bioavailability of mercury and its potential impact on the Florida panther (See

Table 2-1). Since the historical and geographical record may not be complete for any one
species, multiple mammal and bird species will be sampled. Paired comparisons with present-day

species will be used to evaluate significant historical differences.

Species have been selected based on aquatic and terrestrial food web exposure to mercury in
South Florida and their likely availability in collections. Sampling of the hair from the Florida
panther will be done on an as-available basis.

The protocol bioindicators are grouped into species reflecting aquatic food web exposure,
including major prey species of the panther, surrogate mammalian predatory species, surrogate
avian species, and analogous mammalian species.

Discussions with the advisory staff indicated that historical data is also needed to confirm the
importance of aquatic versus terrestrial food web exposure to mercury. As a consequence,
mammalian and avian species reflecting terrestrial food web exposure will also be sampled.

Of the two animal types, birds are more mobile than mammals, and the exposure location for
birds may not be as certain as for mammalian specimens. To control for this uncertainty, birds

will be sampled during life history stages (e.g., immature conditions) where their residency, food
gathering behavior and, therefore, food web exposure are known.

2.3 PERIODS OF ANALYSIS
The study has been divided into six distinct periods encompassing potentially critical
anthropogenic activities associated with potential mercury mobilization, use, and emissions in
Florida. Samples from museum specimens from these various period will be analyzed and
compared to present-day values to determine possible trends in mercury contamination and their
association with the anthropogenic activities of each period.

Period 1 Prior to 1883, a period of no hydrological alteration

Period 2 1883 to 1910, a period of initial channelization and farming in the Everglades

Period 3 1910 to 1940, a period of major channelization

Period 4 1940 to 1970, a period of heavy mercuric pesticide use and initiation of drainage

pumping and intense cultivation

2-2
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Common Name Scientific Name

Food Habits

[ndividuals To
Be Sampied

Primary Prey Items of Panthers From Non-urbanized Areas of the Everglades and

South Florida

iccoons Procyon lotor
r Odocoileus
virginianus
al hogs Sus domesticus

Generally
omniverous, but
animals found in
aquatic

environments feed

primarily on

aquatic vertebrates

and invertebrates

Plant material

Plant material

Adults

Adults

Adults

Surrogate Mammalian Predatory Species Reflecting Aquatic Food Web Mercury
Exposure From Non-urbanized Areas of the Everglades and South Florida

TS Lutra canadensis

Feeds on aquatic
vertebrates and
invertebrates

Adults

Surrogate Avian Species Reflecting Aquatic Food Web Mercury Exposure From Non-
urbanized Areas of the Everglades and South Florida.

-billed grebe Podilymbus
podiceps
'kin Aramus quarauna
1ga Anhinga anhinga
Blue Heron Ardea herodias

Feeds on small
fish and aquatic
invertebrates

Feeds on mollusc
and aquatic
invertebrates

Feeds on fish

Feeds on fish and
other small
vertebrates

Summer adults,
which are
residents

Adults, regionally
sedentary
Immature or

breeding aduits

Immature or
breeding adults
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Individuals To

Common Name Scientific Name Food Habits Be Sampled
Great Egret Casmerodius Feeds on fish and Immature or
albus other small breeding adults
vertebrates

Green-backed Bustroides striatus
Heron
Mottled Duck Anus fulvigula

Feeds on fish

Feeds primarily
on vegetation,
summer diet made
up of aquatic
invertebrates

Immature and
breeding adults

Adults, resident
species, post
molting feathers
reflects
geographically
specific conditions

D. Analogous Mammalian Predator Species Reflecting Mercury Exposure in Terrestrial

Food Web

Bobcat Lynx rufus

Feeds primarily
on terrestrial
vertebrates

Adults

E. Analogous Avian Species Reflecting Mercury Exposure in Terrestrial Food Web

Northern Colinus

Bobwhite Quail virginianus

Northern Cardinal Cardinalis
cardinalis

Feed primarily on
grains, seeds, and
insects

Feeds primarily

on seeds, fruits,

and insects when
abundant

Adults, a resident
species

Adults




13341B1
11/05/93

Period 5 1970 to 1980, a period of reduced mercuric pesticide use, initiation of operation
of solid waste incinerators and medical waste incinerators, and increased use of
fossil fuels

Period 6 1980 to Present, a period of operation of solid waste incinerators, medical waste

incinerators, and fossil fuel utilization by power plants

The period prior to 1883 is considered a period free of anthropogenic activities that may have
resulted in mercury release into the Florida environment. Any mercury found in tissues from this
period is assumed to reflect background values. The periods from the 1880s to 1940 is a time
when hydrological modification of the Everglades and intensification of agriculture in South
Florida had the potential to mobilize naturally occurring mercury with subsequent methylization
and food web contamination. From the 1940s to the present day, mercury has been introduced to
Florida from a variety of human activities, such as mercuric pesticides and emissions from solid

waste incinerators.

The initial geographical area of interest is South Florida as reflected by the general boundaries of
the South Florida Water Management District.

2.3 TISSUE ANALYSIS CONSIDERATIONS

The tissues of the bioindicator species to be analyzed are hair and feathers. The use of hair and

feathers as bioindicators of trace metals contamination, including mercury, has been well
established (e.g., Jenkins, 1980). '

Methyl mercury bioaccumulates in hair and feathers to a greater extent than in other tissues and,
thus, can be used as a bioindicator of mercury exposure (Cumbie, 1975; Jenkins, 1980; Eisler,
1987).

Mercury concentrations in hair can be influenced by several factors. There are age-related
differences: adult hair concentrations are higher than juvenile hair concentrations in raccoons
(Cumbie, 1957). Species differences and trophic-level differences also exist. Ecological
differences may include drought, which can affect food supply and change exposure conditions
(Roelke, 1991). Cumbie and Jenkins (1974) and Roelke (1991) have shown that hair of
carnivores has higher mercury concentrations than the hair of herbivores and omnivores. Studies
by Roelke, Cumbie, and Jenkins on the hair of raccoons, deer, hogs, bobcats, and panthers

indicate that geographical variation exists within a species, thus reflecting different exposures to mercury.

2-5
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v not appear to be significant differences in the mercury content of hair from different

the body (Cumbie, 1975). This observation is confirmed in our study (see Section 3.0).

amals, the possibility of contamination by mercury due to the skin-tanning process in

s exists. In order to test this possibility, a review of old tanning techniques was made.

7, the techniques involved the use of alum saits, and mercury was not an ingredient. In

- to our inquires, the Chicago Museum identified a recipe used by the curators (see

'x B). In addition, there is the possibility that mercury compounds may have been used to
ests such as moths or dermestes (see Appendix C).

e potential for tanning techniques affecting mercury concentrations, raccoon skins will
‘ed for mercury under three scenarios: 1) no tanning, 2) old tanning methods, and 3)

ing methods. Tanning of samples is being performed by Sebring Custom Tanning in

Florida. Mercury analysis of tanned hair will be conducted to determine if any

'$ in mercury content results from tanning processes. Speciation of mercury content will

[ out on the museum sample collections to check for possible museum mercury
ition,

nt of mercury in hair appears stable. No differences in mercury content of hair are

~ith different preparation procedures (e.g., washing with water, detergents, or organic
Cumbie, 1975).

5 deposited in feathers only during feather growth (Goede and De Bruin, 1986). The
feathers is considered the major excretory route for mercury in birds (Honda et al.,

1 to 70 percent of the body burden of mercury exists in feathers. The mercury content
can vary depending upon the type of feathers and certain ecological factors. Although
-ather parts (e.g., the vane, shaft, distal, mid, and proximal portions) show some

in metal content, metals such as mercury are accumulated in feathers more than in
tissues. Whole feather analyses are the most commonly reported. Most contamination
2 chosen remiges or rectrices, normally primaries and secondaries or tail feathers, for

1 have assumed that these feathers are representative of the whole plumage or of the
cy content of the bird.

. (1986) studied the mercury content in several species of seabirds and showed that
‘iation due to molting is least in body feathers. Studies have shown variability in

2-6
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ry content in different feather types from the same species, although the variation is small
red to differences between feathers and other tissues. The best indication of geographicat
ry exposure is from feathers that have recently molted (Applequist, er al., 1984; Hanson
nes, 1968).

factors affecting the mercury content in feathers include species, age, and trophic levels.
differences do not appear significant (Hoffman and Curnow, 1979; Lindberg and Odsjo,

red to other avian tissues, the mercury content in feathers is quite stable. Applequist er al.
subjected feathers to ultraviolet light, heating {100 degrees Celsius (°C)], freezing

, and weathering (rain, wind, and sun exposure) for 2 to 8 months. They found the loss
ury due to exposure variation was less than 10 percent,

have been conducted on the effects of different preparation techniques on mercury
Once in the feather matrix, mercury also appears to be quite stable and not dramatically
by preparation techniques. Washing in distilled or fresh water is the best preparation

e, although tests have been conducted on washing in salt water, acids, and organic

Because of the volatility of mercury, air drying is used.

ibility of mercury contamination during the preservation process is not as critical with
imples as with hair samples. This issue was investigated with respect to fumigants and
used in bird study-skin preparation in both current and former practices. No source of
>ontamination was uncovered from any substance or preparatory process either in recent
'm materials and methods used primarily in the first half of this century (personal
;ations, Dr. O. T. Owre, Curator of the University of Miami Reference Collection of

I Dr. C. R. Hare, Associate Professor of Chemistry, University of Miami, July 1990).

iry concentrations in both hair and feathers can be correlated with concentrations of

1 other tissues (e.g., muscle, kidney, liver, and bone) and with animal toxicity (Driver
:n, 1980; Vermeer and Armstrong, 1972; Cumbie, 1975). There appears to be up to a
of mercury content in feathers versus other tissues (Honda er al., 1985; Heinz, 1979;

ad Forrester, 1991). Similar ratios have been reported for hair (Clark er al., 1981;
375).

2-7
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2.5 SPECIMEN TISSUE AVAILABILITY
A sufficient supply of avian and mammalian specimens are available for conducting the proposed
historical analysis. There are several sources for recently collected specimens, including the
Florida Game and Freshwater Fish Commission (FGFWFC) collections of Dr. Roelke. She has
panther and raccoon tissues from the late 1980s and early 1990s from various geographical
locations in the Everglades as well as tissues from otters and bobcats. A reasonably complete
record of Florida mammals and birds through this century is available from a combination of the
collections. The following collections will be accessed:

¢ Museum of Natural History in Gainesville, Florida

¢ National Museum of Natural History (Smithsonian) in Washington, DC

*  American Museum of Natural History in New York, New York

¢ Museum of Comparative Zoology at Harvard University in Cambridge, Massachusetts

¢  Field Museum of National History in Chicago, Illinois

¢ University of Miami Reference Collections in Miami, Florida

Dr. Eari Rich of the University of Miami and Dr. William Robertson of the National Park
Service are responsible for identifying and obtaining museum samples. In evaluating specimen

availability, emphasis will be placed on special collections of large numbers of individuals from
one of the bioindicator groups.
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3.0 RESULTS OF PROTOCOL DESIGN TESTING

To establish and confirm tissue analysis techniques and sources of variability, the following
studies have been and are being undertaken as part of the protocol development phase of the
project:
1. Sampling and analysis of hair from different parts of the body to confirm previously
reported variability in other species,
2. Sampling of bird and mammal skins subjected to different preservation techniques to
determine potential variability in mercury content due to preservation, and
3. Sampling and analysis of body feathers and primary feathers to confirm variation and
establish baseline conditions for comparison with other studies and in other species.

Sampling and analysis of hair from raccoons and otters are complete. Hair samples were obtained
from the FGFWFC collections of Dr. Melody Roelke. Raccoon samples represented animals
from high- and low-exposure areas of the Everglades. Otters were from various locations in
Florida. The statistical analysis of mercury in hair from different body locations (i.e., ventral,
dorsal, general body combing) using a one-way or a two-way analysis of varience (ANOVA)
revealed no significant difference in the mercury content in hair from different body locations for
raccoons and otters (see Tables 3-1 and 3-2). This is consistent with Cumbie’s (1975) findings
for raccoons and bobcats.

The raccoon and otter data were used to calculate minimum sample sizes recommended for future
collecting and hypothesis testing differences between populations (Zar, 1984). To distinguish

20 pg/g differences between two raccoon populations, seven samples from each population should
be obtained. Sample sizes of 12 and 15 from each raccoon population are recommended to
distinguish differences of 15 and 10 pg/g, respectively. Mercury concentration variance in the
otter population was lower than in the raccoon populations and resulted in fewer samples being
required for hypothesis testing. Five samples from each otter population should be collected to
distinguish 5 pg/g differences and 12 samples to distinguish 2.5 ug/g differences.

Sampling and analysis of different feather types is on-going. Similar analyses will be conducted
to determine the minimum sample size for birds. An analysis of the observed variability in
previous studies of mercury in feathers of different species of birds from a 100-year period (Berg,
1966) indicated a minimum sample size of 18 samples per period would be appropriate. Sample
variability should be lower since individual life history information will be controlled for in the
statistical analysis to facilitate data handling a time-series regression analysis.

3-1
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Table 3-1. Comparison of Mercury Concentration (ug/g wet weight) in Raccoon Hair from
Different Body Locations '

Sample Combed Whole Pelt Ventral Dorsal
R1l 3.91 4.31 3.78
R12 3.26 8.00 6.60
R13 3.36 4.32 6.09
R14 4.20 3.87 6.11
RIS 12.58 9.52 12.25
R16 ' 14.53 13.43 16.71
R61 55.49 65.84 59.55
R62 90.25 106.83 98.07
R63 50.43 48.16 50.41
R64 33.02 32.21 32.18
R65 31.41 41.87 ‘35.15
R66 59.80 41.96 49.01

Source: KBN Engineering and Applied Sciences, Inc.

3-2
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le 3-2. Comparison of Mercury Concentration (ug/g wet weight) in Otter Hair from Different
Body Locations '

Sample Combed Whole Pelt Ventral
86F404 5.30 4.64
86F473 0.83 1.22
87F720 3.76 4.03
N9103 8.04 6.28
N9104 7.45 4.51
N91Q9LCA 3.82 3.70
N9111LCA 23.40 16.67
N9112LCA 2.98 2.25
N9201 6.41 4.25
LCA931 3.48 2.92

irce: KBN Engineering and Applied Sciences, Inc.

3-3
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4.0 RECOMMENDED PROTOCOL

4.1 TISSUE TYPE AND COLLECTION PROCEDURES

For mammals, both guard hair and fur will be anaiyzed for total mercury (and methyl mercury,

depending upon the uncertainty of contamination during preservation).

Unless requested by curators to do otherwise, scientists will obtain hair by a general combing
using a "slicker brush” similar to those used in dog and cat grooming. The brush will be cleaned
of any residual hair after each specimen collection. If cutting of hair is required, a razor blade
will be used to cut or scrape hair down to the skin. Care will be used to avoid collecting skin
samples. Hair then will be weighed. At least 50 mg (preferably 100 mg) is required, and all

collected hair will be wrapped in tissue paper (KimWipes) or other suitable material.

Samples will be labeled and stored in closed containers. Labels will include animal number (i.e.,
its museum number), sex, age (if known), weight, date and location of collection, how sample

was obtained (,i.e. combing versus cutting) and other pertinent data that may be available.

For birds, body feathers from the abdominal area will be collected. When appropriate and if

available, primaries also will be collected.

At least 50 mg (preferably 100 mg) of feathers will be obtained by plucking. Samples will be
labeled with information, including the animal number (i.e., its museum number), sex, age (if
known), weight, date and location of collection, reproductive condition (if known), molting state,
and other pertinent data that may be available. Samples will be placed in cellophane envelopes or

other suitable material,

4.2 ANALYTICAL PROCEDURES
Methods recommended by the U.S. Environmental Protection Agency (EPA) and the Florida

Department of Environmental Protection (FDEP) will be used to analyze for total and methyl
mercury. Representative split samples will be sent to the U.S. Fish and Wildlife Service
(USFWS) Patuxent Laboratory for quality assurance and quality control. Non-destructive

techniques for panther hair are being investigated.

4-1




13341Bl
05120094

Hair and feathers will be analyzed for total mercury. Because of the possibility of mercury
contamination in preservation, speciation of the mercury content witl be carried out on

representative samples from each museum collection group.

4.3 DATA ANALYSIS

Appropriate statistical analyses, including time-series regression analysis, will be used to correlate

observed mercury concentrations within given time periods for the bioindicator species. Factors
to be analyzed are those that contribute to variability, including time, species, geographical

location, sex, age, trophic level, etc.

For mammals, efforts will be made to control for sample variability in mercury concentration by
comparing samples for each period from animals at a similar life stage (e.g., adults) and the same
geographical area. An attempt will be made to collect a sample size of |2 individuals for each
species and historical period. This should allow for distinguishing a difference of 15 ug/g
between periods and geographical locations.

For birds, efforts will be made to control for variability by comparing samples collected from the
same species, the same body location, similarly aged animals, representative geographical areas
and similar locations, during the same season, and during similar reproductive and molt

conditions.
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APPENDIX B

CHICAGO MUSEUM TANNING RECIPE




Practical Chroma Taminglmﬁmlsﬁnawith’m.rm

By
Domindck Villa

The boavy hides should be tammod separately from snall and
wodiun sizad akinza, erm‘ tanmning ia always dono by inz;m-aion,
and good styong, psrmanent, soff leather can bo made by carefully
following this methed, It isnvery important 4o propare tha skina
properly before tanning,
Do not tan sidns for mounting with chroms, The col;r of
chrore does not affact tho hair even on p'_hita skins, The quantity
of matarials given here are for small and nediua size skins, and are
basod on cagh gallon of watar needed, Propare the shd_nx*'—f.‘iret in
the uoual way by scraping, fleshing, washing them clean froa dirt,
grease, salt, and blood, It might be necessary to Qash the very
greasy okins with scap and warz vater and rinse then vellvm claar
vater after noat of the grease has been scraped off, "I'thn soak the
skins in the following sclutiont
1 gal, watex
8 oz, malt
L oz, ARlum
) teaspoonful carbelic acid
Do not usc a metal containsr, Stir the skins ogcasionally,
After & day or two if any more scraping or shaving 1;5 necessary,
let the sldns drain over the tank, and do it at this tine, Put the
well propared sikdns back into alun and salt solutlion, Foz: each rallon

of colution that you have, dissolve 1/2 o%, of “krome tan" by boiling




-2 -

{n wateor for ten minutes, using ono cup of ‘watar for each 1/2 os.
Add to the alum and salt solutdon in two portions of ouno day apart,
without removing the #ins, stirring frequantly, ‘

The next day after the last portion, for each gallon of thae
solution that you bave, dissolve § grams of sodiua carbom‘t:é using
one cup of hot water for cach § grams, and add to the solution very
slowly by punching a szall hale in bottom of an axply can Iixed above
the solution. Let the dissolved soda drip into the tanming solution
in a small atrea.n without rezoving the akina, and by atir:d.ng to pro-
vert the foma and nilk-'lika color formation, lLeawve the akins in the
soltit.ion five or 8ix days longer or-mors, stirrving occasionslly, In
cald water chroze i3 slow to.ponetrates Also the thicker ones will
taxs longer to tan.

How take the Bkinﬁouznnd:mse thom in clear water, ¥Wring the
water out, and while Y11 Wt give them a good coat of the following
oil mixtures . ‘

Two parts of warn water by measure
One part of sulphonated neatafoot oll Ly measuro

Ono part of ron sulphonatod nsatsfoot oil by: ROASUY'G

Por each gallon of the mixture add 1/L cunce cardolic acid by volume,
hang the sking to dxy on woodsn poles or sticks, Let them dry coa-
pletaly so the oil can penetrate, Now take the dried skins down and
uning a sponge dampen thsem on the flesh side surfacae \d.th water to
which 1/L cunce carbolic acid has boeen added per gallon, Fold them

up and put them in an empty barrel or anything else that.can sarve



‘5‘.

gs a "darp box", and cover wull using 63.1 cloth aor p:m.at.ic shaat
material. it is important to kaep tha mdistened skins from dry—=
ing out. The thicker ones zight be nacassary to darpened more than
onca, ‘

Tho noxt day work them soft by atretching and pullin;; them over
a dull ®*bench fleshing knife,” ‘I‘hp larze ones can be worked over tho
beem, with & dull saraping imife. This is an important part of the
tanning work, and must be done right, In large tamaries it is re-
forred to as ®*Staking,"” The idea of stretching them is to separate
the fiber so the oil will get in between and the skins will no longor
bae hard. it will work very well provided the skins are in.the right
condition, t.ha;n; i, not too wal and not too d&ry, ’

Yow let them run in the "Drun® with dry samdust for two hours,
it is auch bg@t.or to pu‘g. many s;xins in the "I;rxna" gt ono tive, Do
sure thsy are only slightly da=p at {110 tira thay are put in the ®Drun”™
Cage or beat thg sawdua‘; out, }Ica' ghey are raady for shaving.

Skins like foxes, rabbits, crpposﬁzn ote,, should be fleshod before
tanning, DBut others, like d:ser flat skins, raccoon, wolves, puas,
small calves and bear skins, ate, should be soraped and pq;r’t.l;( shaved
on the thicker places only bafore tanning, and complotely ashaved after
the tanning. JSosk tha flash side Surface with carbolic xxkt water using
a spongs, PFold them up tight and plase them btack in "darp box," Keep
tham wall coverod so tha watar can ponetrate, The next d‘a} shave thon

down all over on the bean, using a hand shaving knife, (lwrrie's knife.)



the sxins on ¢

ory the skizs in ¥P
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ow £andsn il

for about WO
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s for small skins, but be

can be chrome tanned with ths samd

procedure 8 gura they are {irst m}l shaved
to the proper thickmo8ds

The quantity of chroma for heavy h
1 to 1 1/2 ounces par‘gallonandad&odto vhe solution one third at

soda should also be increased to 1/2

ides should be inareased f{rom

a timo of one day apart, the
ounce per gellon and must be sdded vory alowly using half ¢ne day

and the romainder the naxt day. 'ﬂm quantity of salt is the same as
for small skins, the almg should bje 6 oz, per gal, DBe sure the hea
sidns are left in solution long cnough. It will talke abou‘; thre K
weeks in order for heavy hidas ¢o ba wall tamned, OStir 00; 0
during the iine they aro in 20lution, e

e} 2 : 3 “ p R
L]

Rdng or hardening in bofling water, w

Sdns Lor
e
runting or to Le rad
e intg £y
U furs

be tanned which resists shrt

A &

~c must ta gaood,

are



not suppoesd to be tanned into a real 16&‘&}1@. :Iowaﬁr, some nice
sldns to be used around the house as thriow rugs will come out much
better and in & nice flat shape if thay are tanned in the abova rAMMAT,
and they will not retain the odor of wild anirals or the tanning oil.
As for the ﬁuseum' 5 study colleation, it ias of tha utmos' izportance
that the skins be tanned so thaey can Lo preserved in a gcod shape for
a vary long time, The nsutlralizing and washing explained above zhould
loave tha sking free froem any chomical or o1l which can harm the hair
ar the 1§at,har in tho future, The quantity of chrome ifa adjusted
according to the type of tamning to be done and is not by any mweans
for a full chrome tanning, | |

Chrome tarmed siddna will not turn out right unless £hey are
t,ackad and dried on t.ho atretohing board as exph.noci abova, "Erowe-
tan® 4=z a trade name lika “Tanol,..n" ' "r:orecm“ ott, for a serics of
copzercial "One Bath® chrone tanning m‘eerials “Xroma—tan® is aold
by the Northwustern Fur Co. Carbolic acid 13 not & tannding raterial.

It is & strcng pressrvative and will keep & solution or wet sziins

from getting sour.
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APPENDIX C

NATIONAL MUSEUM OF CANADA METHODS OF COLLECTING AND
PRESERVING VERTEBRATE ANIMALS
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Methods of Collecting and Preserving
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kept stirred while a ckin is being dipped, will do very well. Sodium
arsenite diluted with water is better, as it penetrates the skin and is
gsoluble. The sodium sarsenite solution is made as follows:
Axvenic trioxide (white arscoic, A8gOs) .. cozvaercssasassioerranee. | pound
Carbonate of soda (washing sods, N2gCOs)eewvoiianvaeiaiiioisns
Water ..cvee tresasssraen eseeseances aviatasne ko Btus Crceasecne { quart
Boil for an bour, stirring occasionaily (Rowley, 1925).

If the skin softens after dipping, it should be re-salted and thor-
oughly dried out again. )

This formuls may be used to poison the exterior of mounted speci-
mens that are infected with moths or dermestes, after spraying or paint-
ing the hair with gasoline (applied outdoors). Foison preparations on
the inside of the skin help to keep out insect pests and protect the skin
itself, but unfortunately there is no substance yet known that will work
through the skin and positively protect the hair or feathers. The old
method of spraying or brushing the outside of a specimen with corrosive .
sublimate or bichloride of mercury (HgCly) dissolved in alcobol is
effective enough as far as insects are concerned, but is extremely danger-
ous and is not recommended, as persons handling the specimen later are
very apt to suffer from mercuric poisoning. In dusting such specimens the
invisible bichloride powder may be inhaled or absorbed by the skin.

The development of the use of DDT (dichloro-diphenyl-richloro-
cthane) solution about 1944 for control of various insect pests, including
moths and beetles which damage or ruin skins, furs, and woollen fabrios,
has been very successful snd may supersede some of the older insecticides

" and repellents. It may be dusted on #s 8 powder, or sprayed in & solvent

or emulsion. C. R. Twinn (in ltt, 1947) cites experiments by Jensen
and Holdawsy (1946) who conducted experiments to determine the com-
parative efficiency of various materials in protecting rabbit hides from
larvie and adults of two species of Dermestes. They found DDT to be
outstandingly superior to all others, When applied In spray and dust

“form o single treatment gave excellent protection for at least 371 days, and

hides treated while fresh were as well protected for extended periods as
were hides treated after they had been dried. Twe forms of DDT were
used, namely, dusts and sprays. He recommends spraying with § per cent
DDT in deodorized kerosene, provided that a light application of kerosene
would not harm the specimens. DDT itself has been used successfully az a
raoth-proofing sgent oo various kinds of textiles. For this purpose it is
efficient against clothes maoths as well as Dermestid beetles.

Conditions in Conads are such that if fresh specimens are carefully
watched in the field and are clean when shipped, hair poisoning is sel-
dom necessary, as the specimens can be treated in the museum before
serious damage is incurred. If a large skin, or mounted mammsl or bead,
has been treated with hair poison, it should be marked “Poisoned with
..... «...., Tor the benefit of persons who have to handle it afterwards.

EPEED AND EFFICIENCY IN TECHKIQUE

Gettiog into the haunts of big game at the present time in North
America usually involves long travel and heavy expesse, and {requently
when the game is stalked and killed the end of the day is near snd time

TOTAL P.G3




