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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 anthropogenic 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 
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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 et 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 et al., 1966). In the Berg study, specimens over a 1 00-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. 

1-2 



2.0 MERCURY CONTAMINATION ASSESSMENT PROTOCOL 

2.1 RATIONALE FOR PROTOCOL 
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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; 

2. Sedentary, non-migratory, or local breeding; 

3. Relatively ubiquitous throughout habitat(s) for which adapted; and 

4. Relatively common and not presently threatened or endangered. 
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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 
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Common Name Scientific Name Food Habits 
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Individuals To 
Be Sampled 

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

lCCOOnS 

al hogs 

Procyon lotor 

Odocoileus 
virginianus 

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 

:rs 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 Feeds on small Summer adults, 
podiceps fish and aquatic which are 

invertebrates residents 

,kin Aramus quarauna Feeds on mollusc Adults, regionally 
and aquatic sedentary 
invertebrates 

1ga Anhinga anhinga Feeds on fish Immature or 
breeding adults 

Blue Heron Ardea herodias Feeds on fish and Immature or 
other small breeding adults 
vertebrates 
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Tab! e 2-l. Protocol Bioindicator Species (Page 2 of 2) 

Common Name 

Great Egret 

Green-backed 
Heron 

Mottled Duck 

Scientific Name 

Casmerodius 
a/bus 

Bustroides striatus 

Anus julvigula 

Food Habits 

Feeds on fish and 
other small 
vertebrates 

Feeds on fish 

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

13341Bl 
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Individuals To 
Be Sampled 

Immature or 
breeding adults 

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 Colin us Feed primarily on Adults, a resident 
Bobwhite Quail virginianus grains, seeds, and species 

insects 

Northern Cardinal Card ina/is Feeds primarily Adults 
card ina/is on seeds, fruits, 

and insects when 
abundant 

2-4 



1334181 
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. 
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a 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). 

nmals, 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. 

, , the techniques involved the use of alum salts, 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). 

te 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 

~s in mercury content results from tanning processes. Speciation of mercury content will 

I out on the museum sample collections to check for possible museum mercury 

ttion. 

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

,vith different preparation procedures (e.g., washing with water, detergents, or organic 

Cumbie, 1975). 

; 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., 

' 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 

e chosen remiges or rectrices, normally primaries and secondaries or tail feathers, for 

i have assumed that these feathers are representative of the whole plumage or of the 

ry content of the bird. 

zl. (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 
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ry content in different feather types from the same species, although the variation is small 

lfed to differences between feathers and other tissues. The best indication of geographical 

ry exposure is from feathers that have recently molted (Applequist, et 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 et a/. 

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 

unples 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. 0. T. Owre, Curator of the University of Miami Reference Collection of 

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

try 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 

:m, 1980; Vermeer and Armstrong, 1972; Cumbie, 1975). There appears to be up to a 

of mercury content in feathers versus other tissues (Honda et al., 1985; Heinz, 1979; 

1d Forrester, 1991). Similar ratios have been reported for hair (Clark et al., 1981; 

!75). 
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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. Earl 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 coHections of large numbers of individuals from 

one of the bioindicator groups. 
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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 p.g/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 p.g/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 p.g/g differences and 12 samples to distinguish 2.5 p.g/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. 
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Table 3-1. Comparison of Mercury Concentration (p.g/g wet weight) in Raccoon Hair from 
Different Body Locations 

Sample Combed Whole Pelt Ventral Dorsal 

R11 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 

R15 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. 
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tle 3-2. Comparison of Mercury Concentration (p.g/g wet weight) in Otter Hair from Different 
Body Locations 

Sample 

86F404 
86F473 
87F720 
N9103 
N9104 
N9109LCA 
N9111LCA 
N9112LCA 
N9201 
LCA931 

Combed Whole Pelt 

5.30 
0.83 
3.76 
8.04 
7.45 
3.82 

23.40 
2.98 
6.41 
3.48 

1rce: KBN Engineering and Applied Sciences, Inc. 

3-3 

Ventral 

4.64 
1.22 
4.03 
6.28 
4.51 
3.70 

16.67 
2.25 
4.25 
2.92 



4.0 RECOMMENDED PROTOCOL 

4.1 TISSUE TYPE AND COLLECTION PROCEDURES 
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For mammals, both guard hair and fur will be analyzed tor 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 I 00 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. 
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Hair and feathers will be analyzed for total mercury. Because of the possibility of mercury 

contamination in preservation, speciation of the mercury content will 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 12 individuals for each 

species and historical period. This should allow for distinguishing a difference of 15 p.g/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 
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t 

:x::edium tsisad aldna• Qnoa:;e tmm1ng ia a:J..wa;ya dono b7 iii"Peraion, 

And good ~tronc, ~t,. ao!t loathar can bo lU.de by =rotul.l.y 

toll0'4til".£' this mwtbcd. It 1.S Tar"J important. to prop4r0 the okins 

properly before t:mni.tlg. . 
Do not t.an sld.nD to:r mounti..ng with ~. The color o! 

chr~ doea not a.t.toot. tho hair even on :-Mto Bk1ru1. The qu.antit7 

ot J:UJ.V:lriaJ.e givon here are !or Bm.all. and cedita. aiH &kina, aM aro 

bAsad. on oach gallon or n.tcr needed.. Prepare the sk:1Jur ·.f."i.Mt in 

tha uau.U way by BCraping, .O.eBh1ng1 qahing tbo::i olean from dirt, 

greaae, salt., and blood.. lt Dight. be aecesB41'7 to wuh the very 

greasy akins with soap AJXl warm water and l"i.ruse t.hcl well in clenr 
... 

r.a.ter .a.!ter 11oat ot tho area:se has been 8Cl'Sil:pOd ott. Than soak the 

akinB in tM .tollow':ing aolut1ona 

l gal. wat.Gr 

8 os. ual.t. 

4 os. al1Z1 

l toa.Dpoonful carbolic acid 

J.!'tor a da.,y or two 1! &rJ:¥ l*lrG scraping or ahav:1.ng 1s nec:os~, 

let tho sldns dratn oYer the tank, and do it. at. thi.a ti.rJe. Put the . 
\'\"011 p:-aparcd s~ back into a.lUJJ. and salt eolut1on. F'or oa.ch ;:a.llon 

.. 
of colution that you ba.vo, dissolve 1/2 oz. ot 11k:r'<:!Qe tan11 by boiling 



-2-

in wat.Qr !or ton lld.nuWISt USin& OM cup of -water !or each 1/2 OS• 

Add t.o tho alum and aalt; solution 1n tw po:rt.iona or ono dJlY apart• 

withQut remoYing the £1n.s, st.1rring t.requantly., 

Tho next da.7 a.tter t.bA l.aat portion, tor ea.ch p.llon of t.b.Q 

oolut.ion tba.t you h&ftt di&.!olve 8 grams o! sodiu."ll carbonate usi:ng 
I 

on.o cup or hot water tor oa.ch 6 g::rams, and add to the solution "ff1r';f 

Bl.old)r by punching A small hole in bottom. or an ClJ.PV can fixed aboft 

the solution. Let tho d:1.s~l'f8d. soda drip into the tanning eolut.:lon 

1n a. mm:all. atrean vithout. ~ tll8 Bkin.O, aJXi by atirring to pre-
.. 

aolut.1.on !ive o~ s1X ~ lDngcr or-tlOre., crt.i.rring ocou1o::l.Slly'. ln 

col.d w:ator C:hro!Ul i:s 8lOW to.ponetrate. A.J.:so the thicke:o onGS Will 

tak.e longer to tan. 

Now talccs the 8ld.nB out. and rinse thaJ:L in clear vater. Wring tho 

n.ter out, .tUid.. Yh1.l.e st.1llll&'tt P..TB tbD:1 a. good c.oa.t. of tho !ollcnd.ng 

oll r.trl..xture I 

Two pa:rta o! 'WU'%1 wator by l:l:le&aure 

One part. ot s-Jl.pbonat.ed DP.atlli'oot. o:U by J:O&G'In"Q 

. 
Ono pnrt o! r..on aulphone.t.od nsata!oot oU by ~ 

For ench gall.on o! tho m.xtun &dd l/4 ounce earbo.lic acid by vol=e 1 

h.urtg tho skina to d.rJ on wooden poles or st!c:ks. Let. thw:a dry cca­

pletely so tho oil can penetrate. Now take t.he dried :s~ d<nm and . 
UJJing a spoll8Q da.mpen them on tbA fiesh side rrur!aco w1 th water to 

whi.oh 1.)4 ounce ca.rbolic acid baa bean added p9r gallon. Fold 'l:.lJ.4m 

up a.OO. put tho:u in an empty barrel or a..rcything olsa tha.t~ca.n OQl'VQ 



J 

-:;-

IIW a "d.arl;l box", a.nd oover wll using oU cloth or plAstic sheet 

material.. :a. ia 1.mportant to kGep the meiat.Gned ek"ins !~m dry­

ing out. Tbe t.hiakor. ono:s r.Ueht bet oocasear:r t.o da..'"l{lGned c:ore thtm 

once. ., 
Tho no:xt day work tl~ so!t by n~retehing and pulling thenl ovnr 

a dull •bench fie::shing kni!o. • Tho largo ones can bo workod over tho 

bBns., with s. dtill sarn.ping kn:i.!e. This is an import.ant. part o! tho 

t;mn.ing ll'ork, and s:.u.:rt. bo dono ri~ht. l:l larga ta.nnor!.G.s it is re-

the !iber eo the oil will sot in bet.noen and tho ukin:s 1d.ll no l.o11«or 

condition, that ia1 n.ot t.oo vat and not too <.lry. 

Uo;r lot th<.-m t"Wl in tho "Drur.fl with dry zs:mdust !or tlfo houra • 

.l.t is ::l.UCh bottor to put mey s\cina in the "DrUI'iS" at ono tial. !>a 
' ' I .. ' J ~ 

Gage or beat th~ sawdU8t out. Now they are reacb" tor ehaTing. 

Skins like !ox.ea, rubbitm, op))OOU!:l otc.,, a~ould be fio:lhod before 

tanninc;. But. others, l..iko d,;,er .fla:t. skins, raccoon, wolves, pU'l:!a81 .. 
G.r.r.all calves and boor sk1ns1 otc. tJhould be sorapod and pcu-tl1 oha:ved. 

on the thicker placaa only be!or<t t.annin{h and eor.xplotel;r :sr.a.ved a.t"tsr 

tho ta."lning. Soak tho flesh Gj.de lur!'ll.oo with carbolic a:t water UDing 

a eponur.oe. Fold them up tight and pl.ooo them back in 11dru::p box." ~eep 

thcr1 wal.l oovcr-00 eo tho 1n1tar can ponetrata. Tho next. &t;r ahave thet:l 
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1-:rt.ar <.h8:1 ore ,.,U ._...s. ..:U we s'd.DJI ""'"" "" ,..a~.roliJ>Od 
'<11 

110

eldnll or<! ...,.td.M t'b8" !al' ~ h<>"" ~n aa~ut.i.On o! l/~ oun<>• 

o! B~ tor aach gallOn o! 1.'0l<.<l 'fl8l'l& 'II& t.er ,..eded- ll1nB" in oleal' 

..at.ero wrinlt U.. water out., and nail. the sld.n• on we ,.t.ret.o!Unl 
't 

bQal'do at.rotahil>B 't.l\811 a.a o>1ch B8 po118ib~e. Dr'1 the eldJlli in \hill 

!X>oition, wit.h U.. -u.on ot the ono• 1:.1>&'- 'b8'fG to be 'OSod tor 

rur. ~he•• can 'lie dr:!tl<l b:1 nangin« tbGII on st.ic'KS• )1011 tl.nish oll. 

the c!rl.Dd s\<inll 'rrt l"\)IIJUJ1ll t.bl>1l in tl>o •Drw>" again !ar aboul'. t'IIO 

hour8 nt.h nmf dry aalll'd\~Jrt,• 
!\ellV:1 sl<ll\8 like •"" h1<18• can,.. ahJrO!IlO tanned wi\h tbO ...,.., 

proceduro as !or slll&ll &Y..i.ntlt ~·· b 
uu.v e trura theY are t1rst. well shaved 

to tho proper thicktl.GU• 

tho q_ua.n;t.it.y o! ohrome t. or hea.v;r hidea should be in 

1. to~ l)2·ounce• . aroased !rom 
per gallon and add.od to ..... WlG solUtion 

a timo o! one day a aM t.h1rd &t part., t.hft soda should al 
ounce por «allan d so be ~ to • "' an ,.,n. be added .., ~ 
and tho TfSI7 sl~ uairl!: ~-•, •- _. __ 

rem\ndor the nax\ ,......,. "'~ ....., 
day. 'the 

!or o...U ekin quantit.y ot salt i 
"• tho alum obould a the """"' a• 

s•A __ . bo 6 o"' f">ttl ~~ aro 1 ! · •• r-r -, • t in aoluti •~• Be ~e th 
.....,lei in on long onou,';h I • : e Mavy 

order r • • will tAla> or haavy hides to b about Ult'ea 
durin • "all . 

g th~ ti..,. the tanned. 5tir 7 am 1n •oluti~ oacasionally 

r~oto r ......... 
ChrO:lh1 t:l 4 · nn.r.g 1:s 

bo of interest to wry popul.ar and tho b& tho •kin and .fur above t:ethod • 
t-anned wh1"h drosaer:!! "'i . hould 

' ro ois • • th chr • 
• • ta sh~' """"" o:tO • hi ' 
•" must b • --~ .. or • "" """ ~ g?Od. c·~- harconln~ ~n b . "~·· ro ~ J. oll'"· r mount.tnn .. ~; wa~r or to , 1 .'!0 

l,$ rad • e .-.nto fl,, ... ') fur!! are 
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not oup;:>oood to be tanned into a. roal la&t..'le!Jr. !lowevor, so:n~ :-tice 

ski.nrs to be wsed around the hot:ncr as thJ:I'mJ rues wi.ll oo:n~ out :!l.UCh 

better and in 8. nioG nat :sha.po i!' they ill"& tanned in tho 4~VO mrumOl", 

and thoy l'fill not reta.:in tha odor or wild aninolll ar the Uuminff oU • .. 
As tor the VuMum' s :'lt.udy oolleotion• 1 t is o! tha u.uo::~? :U:porta.noe 

that tho skins be tanned so they can bo prosarvnd 1n a r;.ood !Shape !or 

a very long tine. The MutraliziflR and 1r.1.ashing a."'Ql].a1nod above ah!luld 

loavo tho l!l\dn9 free :fret: a.ny ChOraiCaJ. or OiJ. Which Ct\'!.'\ ham the hair 

or thtl leather 1n th<J !'uttll"'e. ThQ quantity o! chro:xle ia, adjusted 

accordi.ne to too t:rpe o! tanning t.o oo done and is not by any meanm 

for a. !ull chrol!l9 ta.n11in.g. 

Cllro.roe t.annod sld.ntJ vill not turn out right unlaaa Jhe;:r aro 

' tan" 1s a tnds name lika •'I'anol.inll, "K.oreo'!'l" etc. for 3 serio= oi 

b;r tho Nort.l"rwootern Fur Co. carbolic acid is not a t&n."'lin« !:ll to rial. 

It 18 a strong presel"'Vlltiw and will keep a eolution or et s~1.n.s 

rrom getting s~. 
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acid, change$ the 
ight yellows to a 
wley (1925, 115) 
the he.ir of fur­

e been dry~salted, 
-sas l11ter. several 
on t.he Besh aide 

e Qther prellerva­
'or pickling some 
, and large seals, 
oC ha.ideM roam­
other means. It 

:aned bones, and 
e, II.$ in the ease 
stomach contents, 
tins. Brine is a 
t 10lution, but, of 
it 

-d with water and 
( blood. If very 
·.vrung out gently 
the ground, flesh 
hole lle$h aurf.a.ce 
1rs, lips, and fett. 

legs folded over 
1e skin should be 
·re on account of 
~ struck through. 
o.gllln. The aal~ 
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up in a compact 
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allow the air to 
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,11 over the world 
~pt in quantities. 
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kept stirred while a skin is being dipped, will do very well. SodiUJ?l 
arsenite diluted with water is bett~r, aa it penetrates the skin and u 
soluble. The &odium arsenite. solution ia made a.s follows: 

.A.xwnic trioxide (white &rseLtic, A.sa01} .............. • ...... • .. ·... i pOWLd 
~bona.te of 'oda. (wuh!n,; sod&, .Nt~t,~CO$} .............. •....... 1 u 
Water ................................................. • • ... • • .. • • • • • • • • · · • 1 qua.rt 
Boil for an bour, $tiering oeca.slon&lly (Rowley, 192.5). 

IC the skin softens after dipping, it. should be re-salted a.od thor" 
oughly dried out again. 

This formula ma.y be used to poisoo. the exterior of m~unted sp~ci­
mens that. are illfeeted with moths or dermeates, alter spra.ylllg or palnt­
lng the hair with ~asoline (applied ou~doors). Poison preparati.oM ~n 
the inside of the 1kin help to keep out msect, pests and proted the skin 
itself, but unfortunately there is no substance yet. known that will work 
through t.he skin and positively protect. the hair or feathers. The old 
method of spraying or b.ru$hing the outside of a s~chnen with corrosive 
sublimate or bichloride of mercury (HgC1'2) dissolved in alcohol is 
effective enough as !&:f as insects are concerned, but. is extremely danger­
ous and is not. recommended, 1\B ·persons handling the specimen later are 
very apt. to sutier from mercuric poisoning. In dusting such specimens the 
invisible bichloride powder may be inhaled or s.bsorbed by !he skin. 

The development of the use of DDT {dichloro-diphenyl-trlchloro­
ethane) solution about. 1944 for control of various insect. pests, including 
moths and beetles which damage or ruin ~Skila, furs, and woollen fabrics, 
has been very succeasful and may supersede soroe of the older insecticides 

· and repellent.&. It may be dusted on ~ a powder, or sprayed in a. solvent. 
or eroul.&ion. C. R.. Twinn (in litt., 1947) cites experiments by Jensen 
and Holdaway {1946) who conducted experiments to detetmine the com­
parative efficiency of various material:s in pro~tiog ra.bbit hides from 
larvfiO and adult. of cwo species of Dermestu. They found DDT to be 
outstandingly superior to all <:>then. When appHed ln spray and d1.1St 

·form a single treatment gave excellent protection for at least 371 days, and 
hides treated while fre$h were as well protected for extended periods as 
v.·ere hides treated after they had been dried. Two forms of DDT were 
used, namely, dusts and sprays. He recommends spraying with 5 per cent 
DDT in deodorized kerosene, provided that a light application of kerosene 
would not harm the specimens. DDT itself has been used successfully a.s a 
motb~prooliog agent oo V.B.J'ious kinds of textiles. For this purpose it is 
efficient against clothes moths as well as Dennestid beetles. 

Conditions in Co.nada are auch that if fresh specimens are carefully 
watched io the field and are clean when ship~, hair poisoning is sel­
dom nece!lBa.ry, aa the specimens can be treated in the museum before 
serious damage is incurred. 1C a. large skin, or mounted mammal or head, 
bas been treated with hair poison, it should be rns.rked "Poisoned with 
.....•.... ,'' Cor the benefit of persons who have to handJ.e it afterwards. 

SPUD AND EFI:"''CIENCY IN 'X'E(;Hl\'IQ:tTE 

Getti.og into the haunts of big game at the present time in North 
America u:rually involves long travel and heavy expeo:~e,. and (requently 
when the game is stalked and killed the end of the day is near &od time 
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