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Biological museum methods for vertebrates represent a specialized intersection of anatomy, chemistry, artistry, and 

data science. The preservation of vertebrate specimens is not merely an act of taxidermy but a rigorous scientific 

process designed to maintain the integrity of biological data for centuries. As established in the seminal work 

"Biological Museum Methods: Vertebrates"by George Hangay and Michael Dingley (1985), these techniques

provide the foundational architecture for natural history collections globally. These collections serve as critical

archives for biodiversity, evolutionary biology, and environmental monitoring, particularly as we document the rapid

changes of the Anthropocene era.

The Theoretical Framework of Vertebrate Preservation

The primary objective of biological preservation is to halt the natural processes of decomposition—autolysis and 

putrefaction. Autolysis refers to the self-digestion of cells by their own enzymes, while putrefaction is the 

decomposition of organic matter by microorganisms. In vertebrate museum specimens, methods are categorized 

based on the intended use of the specimen: taxidermic mounts for exhibition, study skins for morphological 

research, skeletal preparations for osteological analysis, and fluid preservation for internal anatomical study.

Technical workflows generally follow a four-stage progression: Acquisition and Documentation, Fixation, 

Preservation, and Curation. Each stage requires precise chemical applications and physical manipulations. For

instance, the transition from fixation to preservation involves replacing active cross-linking agents with long-term

storage solutions that stabilize the specimen's protein structures without inducing excessive brittleness or leaching

of pigments.

Detailed Technical Analysis of Preservation Methods

1. Chemical Fixation and Fluid Preservation

Fluid preservation is the gold standard for maintaining the three-dimensional integrity of internal organs and soft 

tissues. This process relies heavily on Formaldehyde (CH2O)and various alcohols. Formaldehyde acts as a

fixative by creating methylene bridges between proteins, effectively locking the cellular structure in place. However,

because formaldehyde becomes acidic over time, it must be buffered to prevent the decalcification of bone within

the specimen.



Chemical Agent Function Concentration Pros Cons

Formalin Primary Fixative 10% Neutral Buffered Excellent tissue 
cross-linking

Carcinogenic; 
causes DNA 
fragmentation

Ethanol Preservative 70% - 75% Stable long-term; 
allows DNA 
extraction

Flammable; causes 
tissue shrinkage

Isopropanol Preservative 40% - 50% Cost-effective; less 
shrinkage than 
ethanol

Clears pigments 
faster than ethanol

Glycerin Clearing/Storage Varies Maintains flexibility 
in small specimens

High viscosity makes 
handling difficult

The workflow for fluid preservation requires initial injection of fixative into the body cavity of the vertebrate to ensure

internal organs are reached before autolysis begins. Following fixation (which may take days or weeks depending

on the specimen's mass), the specimen is washed and transferred to a long-term preservative, typically 70%

ethanol.

2. Osteological Preparation (Skeletal Methods)

Skeletal preparations are essential for studying evolutionary lineage and functional morphology. There are three 

primary methods for removing soft tissue from bone: Maceration, Dermestid Beetle Cleaning, and Chemical 

Oxidation.

•  Cold-Water Maceration: Submerging the carcass in water to allow anaerobic bacteria to break down soft 

tissue. This is a slow process but preserves the fine structure of the bone.

•  Dermestid Colony: Utilizing the larvae of Dermestes maculatus. These beetles consume dried muscle and 

connective tissue without damaging the bone surface. This is the preferred method for delicate bird and small 

mammal skulls.

•  Chemical Maceration: Using enzymes (like trypsin) or chemicals (like potassium hydroxide) to dissolve tissue. 

While fast, it risks damage to the bone matrix if not strictly timed.

3. The Hangay-Dingley Methodology for Taxidermy and Study Skins

The work of George Hangay and Michael Dingley revolutionized the approach to vertebrate taxidermy by

emphasizing anatomical accuracy and material longevity. Unlike traditional methods that relied on organic fillers

(which attract pests), modern museum methods utilize inert materials such as polyethylene foam and stainless

steel armatures.

For study skins—the standard for avian and mammalian research—the goal is to remove the skin, treat it with a

preservative like borax or alum, and restuff it into a standardized shape. This allows for compact storage in

museum cabinets while providing researchers access to fur or feather characteristics and external measurements.

Practical Implementation: Step-by-Step Vertebrate Curation

Implementing these methods requires a controlled laboratory environment. Below is a generalized procedure for

processing a mammalian specimen for a research collection.

Phase I: Field Data and Morphometrics



1.  Accessioning: Assign a unique catalog number and record the locality, date, and collector.

2.  Measurements: For mammals, take the "Standard Four": Total Length, Tail Length, Hind Foot Length, and 

Ear Length. For birds, include wingspan and culmen length.

3.  Weight: Record the mass in grams to provide a baseline for physiological studies.

Phase II: Preparation

1.  Incision: Make a mid-ventral incision, taking care not to puncture the abdominal wall.

2.  Skinning: Carefully peel the skin away from the carcass, using cornmeal or fine sawdust to absorb moisture 

and fats.

3.  Preservation: Apply a drying agent (borax) to the interior of the skin to prevent fungal growth and deter 

insects.

Phase III: Integration and Cataloging

1.  Labeling: Attach archival-grade tags using 100% cotton thread. Labels must include the catalog number and 

essential metadata.

2.  Drying: Place specimens in a drying cabinet with controlled airflow and low humidity (below 40% RH).

3.  Pest Management: Utilize Integrated Pest Management (IPM) protocols, including freezing specimens at 

-20°C for 48 hours before entering the main collection area.

The Role of Specimens in the Anthropocene

Modern biological museum methods have expanded beyond physical morphology to include biogeochemistry and 

genomics. Museum specimens of terrestrial vertebrates are now being used to track environmental pollutants over

time. For example, by analyzing mercury levels in the feathers of bird specimens collected over the last 150 years,

researchers can map the history of industrial pollution.

Comparison of Historical vs. Modern Utility



Metric Historical Focus (Pre-1950) Modern Focus (21st Century)

Primary Goal Taxonomic classification Genomics and ecosystem health

Sample Type Dry skins and skulls Cryogenic tissue and DNA extracts

Data Usage Morphological variation Stable isotope analysis for diet shifts

Technology Optical microscopy CT scanning and 3D modeling

Furthermore, Ancient DNA (aDNA)techniques now allow scientists to extract genetic sequences from specimens

prepared using the Hangay methods in the 1980s. This highlights the importance of using archival-quality

chemicals that do not degrade molecular structures over time.

Case Studies: Challenges in Vertebrate Conservation

Case Study 1: Fatty Acid Leakage in Marine Mammals

One of the most persistent issues in vertebrate collections is "leaking" bone. Large marine mammals (whales and 

seals) have high oil content in their skeletal matrix. If not properly degreased using solvents like trichloroethylene or 

aqueous detergents during the preparation phase, the oils will eventually oxidize, turn yellow, and leak out, causing 

structural damage and attracting pests. Solution:Modern labs use ultrasonic baths and controlled temperature

degreasing to ensure all lipids are removed from the bone marrow cavities.

Case Study 2: The Formalin DNA Dilemma

Historically, formalin was the universal fixative. However, formalin causes cross-linking between DNA and proteins, 

making genetic sequencing difficult. Solution:Museums are now adopting a dual-prep strategy where a small

tissue sample is preserved in 95% ethanol or liquid nitrogen before the rest of the specimen is fixed in formalin. For

existing formalin-fixed specimens, new enzymatic repair protocols are being developed to break the methylene

bridges and recover usable DNA fragments.

Technical Maintenance and Curation Standards

Maintaining a vertebrate collection requires strict adherence to environmental parameters. Fluctuations in 

temperature and humidity can cause skins to crack (through desiccation) or rot (through mold growth). The ideal 

conditions for a vertebrate collection room are 18°C (64°F) and 45% Relative Humidity.

Essential Equipment Checklist

•  Fume Hoods: Critical for handling formalin and solvents safely.

•  Precision Balances: For recording specimen weights and chemical concentrations.

•  Stereomicroscopes: For the preparation of micro-vertebrates (shrews, hummingbirds).

•  Archival Cabinets: Powder-coated steel cabinets with gaskets to prevent pest ingress and light exposure.

The legacy of 1985's "Biological Museum Methods" remains vital. While the tools have evolved—from hand-drawn

anatomical diagrams to 3D surface scanning—the core principles of chemical stabilization and meticulous

documentation remain unchanged. By following these rigorous technical workflows, museum curators ensure that

the vertebrate specimens of today remain viable for the scientific breakthroughs of the next century. The specimen

is not just a relic; it is a timestamp of a species' existence, providing a silent but profound testimony to the biological



history of our planet.
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