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Part I—From the diary* of Marjorie Courtenay-Latimer while serving as curator at 
the East London Museum, Cape Town, South Africa.

by
Robert H. Grant, School for Professional Studies, Saint Louis University

A Strange Fish Indeed: The “Discovery” of a Living Fossil

December 23, 1938
Th is morning started out like so many others here in my isolated but 
peaceful corner of the world. Th e summer sun rose over the Indian Ocean 
and began its daily work of baking the ground outside and transforming 
the air inside our little museum into a palpable and oppressive stew of 
heat. A pile of recently unearthed reptile bones lay in a heap atop my desk, 
ready for reassembly and mounting. My day’s work, and just the sort of 
puzzle that I love to solve.

Around lunchtime, Nigel rang to tell me that the Nerine had just pulled 
into port. My friend, Capt. Hendrick Goosen, had just returned from a 
trawling trip around the mouth of the nearby Chalumna River. Hendrick 
often calls on me when his catch is substantial so that I can look and see 
if there may be anything of scientifi c interest for the museum. More often 
than not, I fi nd nothing but a pile of malodorous fi sh. For this reason, and 
because the proposition of venturing out into the midday heat and dust 
seemed torturous, I hesitated. Upon consideration, however, I fi gured that 
it might be the last opportunity I would have to visit with the Captain 
and to wish him and his crew a Merry Christmas before the th.

I chatted idly with the amicable Captain while we circled the huge heap 
of fi sh lying on the deck of the trawler, scanning the pile for anything 
unusual. I was just about to leave when a strange bluish fi n poking 

*Th e diary entries are largely fi ctitious and represent the imaginative work of the author of the case, except for certain selected 
passages from Marjorie Courtenay-Latimer’s own writings which have been interspersed.
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Questions
1. Look at the picture of a coelacanth in Handout I. What do you see that might have led Ms. 

Courtenay-Latimer to believe that such a fi sh might be special? 
2. What should Ms. Courtenay-Latimer do next? (Remember, she is not a fi sh expert.) 

through the pile caught my eye. It was like no fi sh fi n I had ever seen in 
all my years at the museum. Th e Captain and I shoved the other fi sh off  
the top of the pile to uncover the owner of the odd fi n. Th ere it lay before 
me, the most beautiful fi sh I had ever seen, fi ve feet long, and a pale 
mauve blue with iridescent silver markings. I am no fi sh expert, but I had 
the strange feeling that somehow this fi sh was special. I decided to take 
the fi sh with me, and after a heated discussion with the taxi driver, we 
stuff ed the huge fi sh into the backseat of the cab and headed off  for the 
museum…

Image Credit: Photo of Marjorie Courtenay-Latimer and her coelacanth provided courtesy of the East London Museum/ISC and 
the International Society of Cryptozoology.
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Handout I

East London Museum
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Part II—From the diary of Marjorie Courtenay-Latimer…

December 24, 1938
Could not believe that the director of this museum would not even 
consider the bizarre appearance of this fi sh as unique. To think, he said 
it was just another rock cod! I feel that it defi nitely resembles some of 
the pictures I found in Fossil Fishes of the World. Th is is the fi rst time 
I’ve wished my expertise lie in fi sh instead of birds. I must contact J.L.B. 
Smith in Grahamstown…

January 2, 1939
Have been waiting anxiously for a reply from Dr. Smith. He must still 
be away from the university on Christmas holidays. I do hope that he 
received my letter and crude drawing of this most fascinating fi sh.

I fear that his silence is a result of my untrained hand at trying to recreate 
the specimen on paper. He can be rather persnickety…

January 3, 1939
Finally received word from Dr. Smith. Very excited at the arrival of his 
cable, “MOST IMPORTANT PRESERVE FISH AND GILLS = FISH 
DESCRIBED.” Am disappointed that I already had the fi sh gutted and 
its internal organs discarded. But after being rebuff ed by both the town’s 
mortuary and cold storage, I was most grateful to our local taxidermist 
who helped me preserve the fi sh as best we could. It was beginning to rot. 
We have only mounted the skin…
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February 16, 1939
Dr. Smith arrived today and has caused quite a stir. He positively 
identifi ed the fi sh as a coelacanth, a fi sh that was thought to have been 
extinct for about 70 million years! My hunch was correct! We have found 
a living fossil. Dr. Smith said that this fi sh and its relatives were swimming 
in seas and lakes when T. rex walked the Earth! Cannot begin to describe 
my excitement. Must leave off  here. Th e newspaper reporters have come 
to interview us…

Questions
. Why was there a gap of  million years in the coelacanth’s fossil record? 
. Did these scientists capture the last coelacanth?

a. What should they do next?
b. If there are more, why is it important they fi nd them? 

. Why might a scientist studying evolution be so excited about a coelacanth being found? 
(Th ink again about the structure of the fi sh.) 

. Look again at the title of this case. Why might the word “discovery” be in quotation marks? 

Image Credit: Pencil sketch of coelacanth by Marjorie Courtenay-Latimer, © South African Institute for Aquatic Biodiversity 
(saiab). Used with permission, which must be sought directly from saiab.
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Copyright ©  by the National Center for Case Study Teaching in Science.
Originally published // at http://www.sciencecases.org/strange_fi sh/strange_fi sh.asp
Please see our usage guidelines, which outline our policy concerning permissible reproduction of this work.

Part III—Follow-up Facts
• Ms. Courtenay-Latimer, Dr. Smith, and their coelacanth became overnight celebrities. For a one-day-

only showing of the coelacanth in East London in , , visitors reportedly showed up. 

• Fossils of the class of fi sh to which the coelacanth belongs appeared some  million years ago, mostly 
in fresh water environments on all continents except Antarctica. 

• Th e fi sh specimen was named Latimeria chalumnae in honor of Ms. Courtenay-Latimer and the area in 
which it was caught (Chalumna River mouth). 

• At the time of the discovery, it was thought that the coelacanth may have been the fi sh species that led 
to the fi rst land amphibian, using its fl eshy limbs to walk onto land. (With the use of mitochondrial 
DNA sequencing technology, it is currently thought that an extinct fi sh known as Eusthenopteron and 
the few extant species of lungfi shes found in Africa and South America are the more likely evolutionary 
links between fi shes and amphibians.) 

• Another living coelacanth was not found until 14 years later. It was caught by a fi sherman in the 
Comoros Islands hundreds of miles north of the Chalumna River. Its internal organs were preserved, 
leading to many interesting insights into its biology. 

• Based on recent and ongoing observations of coelacanths off  the Comoros, scientists know that 
coelacanths live about  meters deep in caves, bear live young, and live for about  years. 

• Comoros fi sherman had known about the fi sh for years, calling it “Gombessa.” 

• In , two American scientists visiting Indonesia spotted a coelacanth at a fi sh market. DNA studies 
have shown it to be a diff erent species of coelacanth, Latimeria menadoensis. Indonesian fi sherman had 
also known about this fi sh for years, calling it “Raja Laut”—King of the Sea. 

• Small populations of coelacanths have been found off  the east coast of Africa and one off  the coast 
of Indonesia. Global numbers of both species combined are estimated at about , individuals. 
Latimera chalumnae is listed as critically endangered by the International Union for Conservation of 
Nature and Natural Resources. 

• Ms. Marjorie Courtenay-Latimer died on May , , aged . 
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Nested Hierarchies, the Order of Nature: Carolus Linnaeus

Homo sapiens, Tyrannosaurus rex, Escherichia coli—our English conversation is littered with
pairs of Latin names for animals, plants, and microbes. How did a dead language find this
renewed life? It is the 250-year-old legacy of a Swedish naturalist’s quest to discover God’s
handiwork in nature.

Carolus Linnaeus (1707-1798) was far from the first thinker to try to classify
life. Aristotle, for example, argued that each species had a unique form and
could be classified by some of its key characteristics. In the process, he
organized life in a ladder-like hierarchy, with plants on the bottom, animals in
the middle, and humans on top (figure, right). Medieval European scholars
were guided by both Aristotle and the Bible, and they believed that nature—
including all of the species on Earth—reflected God’s benevolent organization
of the world.

Searching for a system of classification
With the advent of the Renaissance, naturalists tried to understand this divine plan by searching
for a rational pattern in the bewildering array of species. They grouped species with an overall
similarity with one another in a larger group called a genus. Lions, tigers, and leopards, for
example, all belonged to a “big cat” genus.

But did big cats and other animals fit into a larger scheme? This was difficult to know for many
reasons. One problem was that European explorers and colonists began encountering many
previously unknown species in the New World, Africa, and Asia. On top of that was the problem of method. Some
argued that naturalists looking for a system of classification should try to take into account as many characteristics
of a species as possible. That would ensure that their classification system was truly natural. Others argued that we
do not find systems in nature but construct them in our minds. Therefore naturalists should invent artificial systems
based on a few convenient traits of their own choosing, such as the shape of a plant’s reproductive organs.

Organizing life into nested hierarchies
Carolus Linnaeus joined the quest for classification after having trained as a physician at the University of Uppsala.
Botany was part of every medical student’s preparation, since most medicines were derived from plants. After
making botanical expeditions through Lapland and central Sweden, Linnaeus became convinced that he could
organize all of life into a single artificial system, one that would be his first step towards comprehending God’s design
in nature.

In 1735 he published the first edition of his landmark work, Systema Naturae. In it, he identified
every species he knew of according to a standard nomenclature, a genus name followed by a
species name. Before Linnaeus, naturalists used unwieldy, irregular names that sowed confusion.
But he went further. He classified genera together in groups he called families, which he then
placed in larger groups called orders, and then kingdoms, like boxes within boxes.

Humans as primates
Linnaeus’ classification was important in many ways, not the least of which was how he classified
humans. He named humans Homo sapiens, and placed us in the genus Homo. He also placed
orangutans and chimpanzees, the two apes known at the time, in the genus Homo. And he
placed Homo in a family, which he dubbed Primates. Primates also included two other genera,
simians and lemurs. Although Linnaeus believed that humans were special beings in God’s
creation, he slotted our species into his system as if it were any other.

Linnaeus organized life with an almost geometrical precision,
and was so impressed by his own system that he used it to

organize rocks and other non-living matter. Although his classification of minerals
may now be long forgotten, within the biological world, at any rate, Linnaeus’
system proved to be useful. It was clear and straightforward, making the challenge
of classifying new species far easier than previous systems. It became the standard
way to organize life’s diversity.



The human species in a modern
Linnaean system of classification.

Biologists still use Linnaeus’ conventions today when they name a new species. But
Darwin rendered the ideas behind those conventions obsolete. Darwin recognized
that evolution could produce the hierarchy of similarities that so impressed
Linnaeus, as old species gave rise to new species. Biologists still place pigs,
porcupines, and people in Mammalia, but they do so because all the evidence—
comparisons of fossils, anatomy, and genes— confirms that they descend from a
common ancestor.

 

View this article online at:
http://evolution.berkeley.edu/evolibrary/article/history_05

Linnaeus image courtesy of the Swedish Museum of Natural History; Systema Naturae image courtesy of Systema Naturae.
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Swedish botanist Carl Linnaeus was the
pioneer of animal classification

Image 1. An engraving depicting the Linnaean classification of plants into 24 orders from Simeon Shaw's "Nature Displayed," which was
published in 1823 in London, England. Photo by: Universal History Archive/Universal Images Group via Getty Images

For centuries, the practice of naming and classifying living organisms into groups has been a key

part of the study of nature. The Greek philosopher Aristotle (384–322 B.C.) developed the first

known method of classifying organisms, grouping them by their means of transport, whether air,

land or water. A number of other naturalists followed with other classification systems. However,

it was Swedish botanist Carolus (Carl) Linnaeus (1707-1778) who is considered to be the pioneer of

modern taxonomy, the science of classifying organisms. 

In his book "Systema Naturae," first published in 1735, Linnaeus introduced a way to classify and

name organisms. This system, now referred to as Linnaean taxonomy, has been used to varying

extents ever since.

About Linnaean Taxonomy

Linnaean taxonomy categorizes organisms according to ranks in a hierarchy, a family tree of

relatedness. Linnaean taxonomy today includes eight ranks: domain, kingdom, phylum, class,

By ThoughtCo.com, adapted by Newsela staff on 10.15.19
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order, family, genus and species. 

Groups at the top of the hierarchy (domain, kingdom, phylum, class) are more broad in definition.

They contain a greater number of organisms than the more specific groups that are lower in the

hierarchy (families, genera, species). 

With each group of organisms assigned to a domain, kingdom, phylum, class, family, genus and

species, they can be uniquely characterized. Their membership in a group tells us about the traits

they share with other members of the group and also about traits that make them unique

compared to other groups.

Many scientists and textbooks still use the Linnaean classification system to some extent today,

but it is no longer the only system. 

To best understand the science of classification, it will help to first understand a few basic terms.

Classification is the systematic grouping and naming of organisms based on shared structural

similarities, functional similarities or evolutionary history. Taxonomy is the science of classifying

– describing, naming and categorizing – organisms. Systematics is the study of the diversity of life

and the relationships between organisms.

Types Of Classification Systems

Phenetics is a method of classifying organisms that is based on their overall similarity in physical

characteristics or other observable traits. Phenetics does not take phylogeny – evolutionary history

of the group – into account. 

Cladistics, which is also called phylogenetics or phylogenetic systematics, determines relationships

between organisms that are based on their evolutionary history. It is a method of analysis and

classification that includes genetic analysis, biochemical analysis and morphological analysis

(based on size, shape, color, etc.). 

In general, Linnaean taxonomy relies on phenetics. Similar physical characteristics studied in

phenetics, however, can well be the product of shared evolutionary history. Linnaean taxonomy,

therefore, can indeed reflect the evolutionary background of a group of organisms.

Biological Classification

Biological classification is in a continual state of flux. As our knowledge of organisms expands, we

gain a better understanding of the similarities and differences among various groups of living

things. In turn, those similarities and differences shape how we assign animals to the various

groups, or taxa. Taxa is the plural form of taxon, which refers to a taxonomic unit, a group of

organisms that has been named.

Factors That Shaped High-Order Taxonomy

The invention of the microscope in the 16th century revealed a minute world, one filled with

countless new organisms that had previously escaped classification because they were too tiny to

see with the naked eye.

Throughout the past century there have been rapid advances in understanding evolution and

genetics, as well as cell biology, molecular biology, molecular genetics and biochemistry, to name
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just a few life sciences. These advances continue to reshape our understanding of how organisms

relate to one another, while new understandings shed new light on previous classifications. As a

result, science is constantly reorganizing the branches and leaves of the tree of life.

The history of taxonomy stretches back to the 4th century B.C., to the times of Aristotle and the

natural philosophers. Since the first classification systems emerged, scientists have wrestled with

the task of how to organize life into various groups. 

Below, we will examine how the highest-level taxa (domain, kingdom, phylum) have changed

throughout history. 

Classification Systems Based On Phenetics

Two Kingdoms - Aristotle

In the 4th century B.C., Aristotle introduced a two-kingdom classification system. He was among

the first to document the division of life forms into animals (animalia) and plants (plantae). 

Three Kingdoms - Ernst Haeckel

In 1894, Ernst Haeckel added a third kingdom, Protista, to the two long-standing kingdoms

Plantae and Animalia. Protista included single-celled eukaryotes and bacteria, which are

prokaryotes. Eukaryotic cells are those with a nucleus and prokaryotic cells are those without a

nucleus. All life is composed of either eukaryotic or prokaryotic cells. 

Four Kingdoms - Herbert Copeland

Herbert Copeland introduced an important change to the classification scheme in 1956. It was the

introduction of the kingdom Bacteria. This reflected the growing understanding that bacteria

(single-celled prokaryotes) were very different from single-celled eukaryotes. 

Five Kingdoms - Robert Whittaker

Robert Whittaker's 1959 classification scheme added a fifth kingdom to Copeland's four; this was

the kingdom Fungi. Fungi include single and multi-cellular osmotrophic eukaryotes. Osmotrophic

describes life forms that absorb nutrients by osmosis.

Classification Systems Based On Cladistics/Phylogeny

Six Kingdoms - Carl Woese

In 1977, Carl Woese extended Whittaker's Five Kingdoms to replace the kingdom of Bacteria with

two kingdoms, Eubacteria and Archaebacteria. Eubacteria and Archaebacteria differ from each

other in many complex ways. These distinguishing characteristics were revealed by molecular

genetic analysis.

Three Domains - Carl Woese

In 1990, Carl Woese put forth a classification scheme that greatly overhauled previous

classification schemes. The three-domain system he proposed is based on molecular biology

studies and resulted in the placement of organisms into three domains: bacteria, archaea and

eukarya.
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Quiz

1 Read the following paragraph from the section "Types Of Classification Systems."

In general, Linnaean taxonomy relies on phenetics. Similar physical characteristics studied in
phenetics, however, can well be the product of shared evolutionary history. Linnaean taxonomy,
therefore, can indeed reflect the evolutionary background of a group of organisms.

Which idea is BEST supported by this paragraph?

(A) Linnaean taxonomy is best described as using a cladistic method of analysis for the foundation of its
classification system.

(B) Despite being two different methods of analysis, phenetics and cladistics are not entirely distinct
methods of classification.

(C) Linnaean taxonomy successfully merges cladistic and phenetic methods of analysis into a single
classification system.

(D) To best understand the relationships between organisms, cladistic and phenetic methods of analysis
should always be used together.

2 Read the list of selections from the article.

1. The invention of the microscope in the 16th century revealed a minute world, one filled with
countless new organisms that had previously escaped classification because they were too
tiny to see with the naked eye.

2. The history of taxonomy stretches back to the 4th century B.C., to the times of Aristotle and
the natural philosophers. Since the first classification systems emerged, scientists have
wrestled with the task of how to organize life into various groups.

3. In the 4th century B.C., Aristotle introduced a two-kingdom classification system. He was
among the first to document the division of life forms into animals (animalia) and plants
(plantae).

4. Eubacteria and Archaebacteria differ from each other in many complex ways. These
distinguishing characteristics were revealed by molecular genetic analysis.

Which two selections taken together provide the BEST evidence to support the idea that advances in science and technology
enable more nuanced systems of classification?

(A) 1 and 2

(B) 2 and 3

(C) 1 and 4

(D) 3 and 4

3 How does the author connect Linnaean taxonomy with later classification systems?

(A) The author contrasts Linnaean taxonomy's use of phenetics as the primary method of analysis with later
classification systems' use of cladistics as the primary method of analysis.

(B) The author highlights the continued use of Linnaean taxonomy's hierarchy of relatedness and specifies
that later classification systems refined the highest level of taxa within this system.

(C) The author outlines the limitations of the Linnaean taxonomy for accurate classification of animals and
explains how later classification systems address and correct these limitations.

(D) The author describes how Linnaean taxonomy's use of both phenetics and cladistics enabled later
classification systems to advance using both methods of analysis.
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4 How does the article introduce the idea that modern classification systems have evolved over time?

(A) by describing the process of classification as constantly changing with new scientific knowledge

(B) by summarizing the progression of classification systems in chronological order

(C) by describing Carolus (Carl) Linnaeus as a pioneer in the classification of organisms

(D) by explaining that Aristotle developed the first method for classifying organisms



A visit to the Galapagos Islands in 1835
helped Darwin formulate his ideas on
natural selection. He found several species
of finch adapted to different environmental
niches. The finches also differed in beak
shape, food source, and how food was
captured.

Natural Selection: Charles Darwin & Alfred Russel Wallace

The genius of Darwin (left), the way in which he suddenly turned
all of biology upside down in 1859 with the publication of the
Origin of Species, can sometimes give the misleading impression
that the theory of evolution sprang from his forehead fully
formed without any precedent in scientific history. But as earlier
chapters in this history have shown, the raw material for
Darwin's theory had been known for decades. Geologists and
paleontologists had made a compelling case that life had been
on Earth for a long time, that it had changed over that time, and

that many species had become extinct. At the same time, embryologists and
other naturalists studying living animals in the early 1800s had discovered,
sometimes unwittingly, much of the best evidence for Darwin's theory.

Pre-Darwinian ideas about evolution
It was Darwin's genius both to show how all this evidence favored the evolution
of species from a common ancestor and to offer a plausible mechanism by
which life might evolve. Lamarck and others had promoted evolutionary
theories, but in order to explain just how life changed, they depended on
speculation. Typically, they claimed that evolution was guided by some long-
term trend. Lamarck, for example, thought that life strove over time to rise
from simple single-celled forms to complex ones. Many German biologists
conceived of life evolving according to predetermined rules, in the same way
an embryo develops in the womb. But in the mid-1800s, Darwin and the British
biologist Alfred Russel Wallace independently conceived of a natural, even
observable, way for life to change: a process Darwin called natural selection.

The pressure of population growth
Interestingly, Darwin and Wallace found their inspiration in economics. An
English parson named Thomas Malthus published a book in 1797 called Essay
on the Principle of Population in which he warned his fellow Englishmen that
most policies designed to help the poor were doomed because of the relentless
pressure of population growth. A nation could easily double its population in a
few decades, leading to famine and misery for all.

When Darwin and Wallace read Malthus, it occurred to both of them that
animals and plants should also be experiencing the same population pressure. It should take very little time for the
world to be knee-deep in beetles or earthworms. But the world is not overrun with them, or any other species,
because they cannot reproduce to their full potential. Many die before they become adults. They are vulnerable to
droughts and cold winters and other environmental assaults. And their food supply, like that of a nation, is not
infinite. Individuals must compete, albeit unconsciously, for what little food there is.

Selection of traits
In this struggle for existence, survival and reproduction do not come down to pure
chance. Darwin and Wallace both realized that if an animal has some trait that
helps it to withstand the elements or to breed more successfully, it may leave
more offspring behind than others. On average, the trait will become more
common in the following generation, and the generation after that.

As Darwin wrestled with natural selection he spent a great deal of time with
pigeon breeders, learning their methods. He found their work to be an analogy for
evolution. A pigeon breeder selected individual birds to reproduce in order to
produce a neck ruffle. Similarly, nature unconsciously "selects" individuals better
suited to surviving their local conditions. Given enough time, Darwin and Wallace
argued, natural selection might produce new types of body parts, from wings to
eyes.

https://evolution.berkeley.edu/evolibrary/glossary/glossary_popup.php?word=natural+selection
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The carrier pigeon (bottom left) and
the Brunner pouter (bottom right)
were derived from the wild rock
pigeon (top).

Darwin and Wallace develop similar theory
Darwin began formulating his theory of natural selection in the late 1830s but he went on working
quietly on it for twenty years. He wanted to amass a wealth of evidence before publicly presenting
his idea. During those years he corresponded briefly with Wallace (right), who was exploring the
wildlife of South America and Asia. Wallace supplied Darwin with birds for his studies and decided
to seek Darwin's help in publishing his own ideas on evolution. He sent Darwin his theory in 1858,
which, to Darwin's shock, nearly replicated Darwin's own.

Charles Lyell and Joseph Dalton Hooker arranged for both Darwin's and
Wallace's theories to be presented to a meeting of the Linnaean Society in 1858. Darwin had been
working on a major book on evolution and used that to develop On the Origins of Species, which
was published in 1859. Wallace, on the other hand, continued his travels and focused his study on
the importance of biogeography.

The book was not only a best seller but also one of the most influential scientific books of all time.
Yet it took time for its full argument to take hold. Within a few decades, most scientists accepted
that evolution and the descent of species from common ancestors were real. But natural selection
had a harder time finding acceptance. In the late 1800s many scientists who called themselves
Darwinists actually preferred a Lamarckian explanation for the way life changed over time. It
would take the discovery of genes and mutations in the twentieth century to make natural
selection not just attractive as an explanation, but unavoidable.
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Important fossil finds have lesser-known role
in Darwin's theory of evolution

A visitor to the traveling Darwin exhibit passes a display of animal skeletons at the American Museum of Natural History in New York City.
Photo by: Mary Altaffer/ AP Photo

On September 23, 1832, a young naturalist named Charles Darwin found the fossil of an enormous

skull embedded in soft rock. It took him three hours to chip it out of the cliff face at Punta Alta in

Argentina, and hours more to lug it back to base. He arrived with it long after dark at the ship that

became the most famous in the history of natural science: the Beagle.

Darwin was only 24, a college dropout from his medical degree who had done a crash course in

geology in order to join the voyage. He was wild with excitement about it, writing in a letter to a

friend: "I have just got scent of some fossil bones of a Mammoth, what they may be I do not know,

but if gold or galloping will get them, they shall be mine."

Fossils Recorded And Labeled By Four-Color System

Darwin's treasures were brought on board after every shore trip, to the exasperation of the crew of

the small, cramped ship. Then, they were sent back to England whenever he came upon a vessel
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making the return journey. Darwin's finds were all meticulously recorded in his journals, and

labeled according to a four-color system of his devising.

Darwin, of course, went on to develop the theory of evolution. His fossils have a lesser known role

in the development of that theory than his observations of wildlife. Nonetheless, they are among

the treasures of the Natural History Museum in London. They are still of interest to scientists all

over the world, but many of the originals are almost too fragile to handle. 

Digitally Recreating Fossils in 3D

In April, however, the museum launched an ambitious project to scan and digitally recreate the

fossils in 3D. They are being replicated in such minute detail that they can be studied by scientists

and pored over by members of the public. One of the first completed replicas has just been

digitally dissected by a scientist in Montpellier, France.

The digitization also guarantees that a permanent record of the bones will be preserved as

scientific tests on the originals continue. Carbon dating has recently confirmed a date for one that

Darwin could only have guessed from the rock layer in which he found it. The bone is just 12,660

years old, so very close to the extinction of its species. Now, the museum will attempt to extract

DNA from the fossil.

Gigantic Rodent Found To Be Rhino Relative

The first replica to go online is the skull of Toxodon platensis, which Darwin found propped up

against a fence in a Uruguayan farmer's yard. The local children had been throwing stones at it

and had knocked out its teeth. Darwin bought the skull for a small sum of money. Its curved teeth

led Darwin and fellow scientists to wonder if it was a gigantic rodent, but it was eventually

identified as a distant relative of the rhinoceros — and the last member of a group of South

American mammals stretching back 60 million years.

Heaviest Land Mammal Ever To Live In South America

As they arrived back in England, Darwin's fossils were already becoming famous and making his

reputation, though he still had years of the voyage ahead. One batch contained a missing section of

a skeleton that had already been sent back by another collector — the creature whose skull Darwin

had chipped out of the cliff face. They were the remains of Megatherium, a ground-dwelling

relative of modern tree-dwelling sloths. However, Megatherium was the size of a car, making it the

largest and heaviest land mammal ever to live in South America. 

After the fossils were displayed at a science event in London, one friend wrote to Darwin: "From

sending home the much-desired bones of Megatherium your name is likely to be immortalized." In

fact, Megatherium and its relationship to modern animals was one of the observations that would

set Darwin's mind on the course that would lead to his groundbreaking theory of evolution.

Fossil Chunk Tracked Down After More Than A Century

Back at the Natural History Museum, senior curator Pip Brewer and researcher Adrian Lister

share Darwin's excitement for fossils and what they can teach us. These researchers have just

tracked down a chunk of one of Darwin's fossils that had been missing for more than a century.
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The two men launched an international hunt for Darwin fossils as part of the digitization project.

Most of the bones already at the museum had come from the Royal College of Surgeons after

World War II, who had the best comparative anatomy collection. The huge skull remains with the

college, and other bones went to Harvard in the 19th century. The missing slice of the skull that

Darwin chipped out of the Argentinian cliff in 1832 turned up in his own home, Down House, now

a museum run by English Heritage.

"They told us they had a bit of tooth in the stores but they had no idea what it was. When we got

there, they had had it laid out on a table and we recognized it as the missing piece of Megatherium

in seconds," Lister said. They later brought the fossil to the Royal College of Surgeons, and could

see instantly how perfectly the cut marks matched with the rest of the skull.

"It wasn't quite as dramatic as Darwin's discovery of it — but it was still such a thrill," Brewer

added.
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Quiz

1 Read the first 3 paragraphs of the article.

Why did the author begin the article by describing Darwin's efforts to recover and record fossils?

(A) to indicate the reasons why Darwin's fossils have become fragile

(B) to illustrate Darwin's dedication to the discovery and study of fossils

(C) to emphasize the role of Darwin's scientific training in his discoveries

(D) to explore the reactions of crew members to Darwin's collections

2 Which statement BEST represents scientists' current approach to Darwin's fossils?

(A) Scientists are digitizing copies and trying to find all the pieces of Darwin's fossils because they want to
preserve a record for the future as they continue to study the originals.

(B) Scientists are digitizing copies and trying to find all the pieces of Darwin's fossils because they have
recently discovered that some of them were originally incorrectly dated.

(C) Scientists are searching for pieces of Darwin's most important fossils to digitize because they fear that
they will lose many of the small pieces in the future.

(D) Scientists are searching for pieces of Darwin's most important fossils to digitize because they must
return the original fossils to the countries they came from.

3 Read the following paragraph from the section "Gigantic Rodent Found To Be Rhino Relative."

The first replica to go online is the skull of Toxodon platensis, which Darwin found propped up
against a fence in a Uruguayan farmer's yard. The local children had been throwing stones at it
and had knocked out its teeth. Darwin bought the skull for a small sum of money. Its curved teeth
led Darwin and fellow scientists to wonder if it was a gigantic rodent, but it was eventually
identified as a distant relative of the rhinoceros — and the last member of a group of South
American mammals stretching back 60 million years.

What can be inferred from this paragraph?

(A) Darwin's discovery of the Toxodon platensis is the most important of all the fossils he recovered on his
trips.

(B) Darwin had a hard time identifying the fossil because he was more familiar with rodents than
rhinoceroses.

(C) Darwin's efforts led to the identification of fossils that might otherwise have been destroyed or
undiscovered.

(D) Darwin would have paid much more for the fossil if he had known how important it was going to be.
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4 Read the statement below.

The theory of evolution would not have been possible without Darwin's early explorations of
fossils.

Which selection from the article BEST supports this statement?

(A) His fossils have a lesser known role in the development of that theory than his observations of wildlife.
Nonetheless, they are among the treasures of the Natural History Museum in London.

(B) Carbon dating has recently confirmed a date for one that Darwin could only have guessed from the rock
layer in which he found it. The bone is just 12,660 years old, so very close to the extinction of its
species.

(C) After the fossils were displayed at a science event in London, one friend wrote to Darwin: "From sending
home the much-desired bones of Megatherium your name is likely to be immortalized."

(D) In fact, Megatherium and its relationship to modern animals was one of the observations that would set
Darwin's mind on the course that would lead to his groundbreaking theory of evolution.









































Threats to Biodiversity:
A Case Study of
Hawaiian Birds

by
Sarah K. Huber, Organismic and Evolutionary Biology,

University of Massachusetts at Amherst
Paula P. Lemons, Biology Department, Duke University

Background Reading

What is biodiversity? Defining biodiversity is a difficult and complex task that depends on the level of
analysis used to categorize a region. At the ecosystem level, biodiversity may be defined as the number
of biomes in a given region. Biomes are large ecosystems that are characterized by vegetation,
precipitation gradients, moisture gradients, elevation, and latitude. At the organism level, biodiversity is
the number of species in a given area. This would include not only the number of species, but also the
number of populations of each species in a given area as well as information about the size of these
populations. A third definition of biodiversity is based on genetic diversity. Genetic diversity refers
either to the number of alleles in a given population or to the number of rare alleles present in the
population. Yet another way to conceptualize biodiversity is to think of it as evenness. Evenness can be
applied at multiple levels of analysis (biomes, species, or alleles). For example, evenness may consider
the number of species in a given area relative to the total number in that area. A region with five species
found in equal abundances is more diverse than a region with five species where only one of those
species is abundant and the other four species are encountered less often. Because biodiversity is
defined in different ways and at different levels in biology, monitoring the biodiversity of a particular
region can be a difficult task. The integration of all levels of analysis leads to complex and often
conflicting descriptors of biodiversity.

Regardless of how biodiversity is defined, there is little question that it is declining. Though most of the
public’s attention is focused on a few charismatic endangered species, such as the Northern spotted owl,
the gray wolf, and the giant panda, these are only a miniscule fraction of the number of species that are
threatened, endangered, or already extinct. The North Carolina Natural Heritage Program, an affiliate of
The Nature Conservancy, the world’s premier data collector on biodiversity, is tracking the populations
of one bird, two salamander, four fish, seven mollusk, six insect, and 35 plant species in Durham
County, North Carolina, alone. Not all of these species are in immediate danger of going totally extinct.
In fact, only two plants, the smooth coneflower and Michaux’s sumac, are federally protected as
“Endangered Species.” Some of these species are rare in North Carolina but common elsewhere.
However, the process of extinction begins with the extirpation of local populations, and it usually
happens without our knowledge.

Biodiversity is threatened by disruptions to the natural ecosystem that limit the resources needed by an
organism (e.g., light, water, food, or space) or alter how that organism interacts with other organisms
(e.g., competition and predation). Two phenomena that create these types of disruptions include the
establishment of exotic, or introduced species, and habitat fragmentation.



The establishment of introduced species threatens indigenous biota.  Introduced species are brought to 
an area either intentionally or by accident and are not part of the native ecosystem.  Although most 
introduced species fail to survive in a new habitat, some actually thrive and can out-compete native 
species, prey on native species, transmit exotic diseases, facilitate the spread of native diseases, 
hybridize with natives, and alter habitats. 

Some of these effects are observed with the salt cedar, a tree that derives its name from the fact that it 
concentrates salts in its leaves.  This drought-tolerant tree was introduced into the western United States 
in the early part of the last century to control erosion.  It spread rapidly, and now many streams, 
particularly in the southwest, are lined with nothing but salt cedar.  The leaf litter causes the soil to 
become too saline for native cottonwood and willow seedlings to establish.  Given that the native 
vegetation along southwestern rivers and streams is possibly the most productive habitat for breeding 
birds in North America, it is not surprising that bird populations have been affected, including the 
endangered southwestern willow flycatcher and Bell's vireo (cowbirds are also a problem for these 
species). 

Along with introduced species, habitat fragmentation may disturb native ecosystems.  When people alter 
natural areas, for example, through agriculture or urban sprawl, the habitats needed to sustain native 
species are often eliminated.  The remaining natural areas are left isolated.  This process is referred to as 
habitat fragmentation.  This problem is one of the major concerns of conservation biologists.  With 
habitat fragmentation, the direct loss of suitable habitat is not the only problem.  Other, less obvious 
effects can also be important.  For example, breaking up large populations into smaller ones that cannot 
remain self-sustaining may result in loss of genetic exchange among different populations, or increased 
edge effects.  In the take-home exercise, you'll learn how the introduction of ungulates such as cattle, 
goats, or pigs by humans has led to habitat fragmentation. 

 

But why should humans worry about introduced species, habitat fragmentation, or even extinction?  
Practically speaking, numerous species fulfill crucial ecological roles in our biosphere by recycling 
nutrients, producing oxygen, or pollinating plants, while other species are actual or potential natural 
resources that can be used for crops, fibers, and medicine.  Reservoirs of genes for disease resistance can 
be found in the wild relatives of crop plants or domestic livestock.  When the value of biodiversity is 
assessed in terms of ecology and resources, its importance to human health, the economy, social justice, 
and national security can be appreciated (for a review, see Lubchenco 1998).  Others argue that 
biodiversity should be preserved for ethical and aesthetic reasons.



Over the next two weeks you will examine the biodiversity crisis using the Hawaiian Islands as a case 
study.  This archipelago is geographically diverse in size, elevation, and habitat type and is historically 
rich in biodiversity.  Hawaii's flora and fauna is an example of how isolation can lead to adaptive 
radiation (the emergence, from a common ancestor, of numerous species to fill underused niches).  This 
has produced many very specialized species, most of which are endemic, meaning they are found 
nowhere else on Earth.  However, these species are particularly vulnerable to the effects of introduced 
species, habitat loss and fragmentation.  To put the magnitude of the problem in perspective, the Hawaii 
Natural Heritage Program tracks 30 vertebrates, 102 invertebrates, and 515 plants that are considered to 
be "critically imperiled globally" (1-5 occurrences and/or fewer than 1,000 individuals remaining, or 
more abundant but facing extremely serious threats range-wide) or "imperiled globally" (6-20 
occurrences and/or 1,000-3,000 individuals remaining, or more abundant but facing serious threats 
range-wide).  For comparison, in New Jersey, which is approximately the size of Hawaii, the Natural 
Heritage Program tracks 3 vertebrates, 14 invertebrates, and 21 plants that are "critically imperiled 
globally" or "imperiled globally."  We will attempt to understand some of the reasons why, over the last 
several centuries, there has been a massive decline in Hawaii's biodiversity. 
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http://www.nj.gov/dep/parksandforests/natural/heritage/
   
The North Carolina Natural Heritage Program.  2002. 
http://www.ncnhp.org/
   
Robinson, S.K.,  F.R. Thompson, III, T.M. Donovan, D.R. Whitehead, and J. Faaborg.  1995.  
Regional forest fragmentation and the nesting success of migratory birds.  Science 267:1987-
1990. 
   
Wilson, E.O.  1992.  The Diversity of Life.  Cambridge, MA: The Belknap Press of Harvard 
University Press. 
   

 

Image Credit:  Photos provided by www.dreamsofhawaii.com, used with permission. 
Date Posted:  06/28/02 nas 



Threats to Biodiversity: 
A Case Study of Hawaiian Birds 

In-Class Exercise 
1. Examine the data presented in Table 1.  How many of these species are currently extinct?  What 

other trends do you notice?  What factors might contribute to these trends?  

Table 1 modified from Scott, J.M., C.B. Kepler, C. van Riper III, and S.I. Fefer.  (1988).  Conservation of 
Hawaii's vanishing avifauna.  Bioscience 38(4):238-253. 

 
 
 
 
 
 
 
 
 
 
 

Table 1. Status of native birds breeding in the Hawaiian Islands.

Group Species Known to 
Have Existed

Current 
Species

Endangered or 
Threatened Species

Number of 
Extinct Species

Seabirds 22+ 22 2  
Herons 1 1 0  
Ibises 2 0 -  
Waterfowl 11 3 3  
Hawks 3 1 1  
Rails 11 2 2  
Stilts 1 1 1  
Owls 4 1 0  
Crows 3 1 1  
Honeyeaters 6 2 2  
Old World 
Flycatchers 1 1 0  

Old World 
Warblers 1 1 1  

Hawaiian 
Thrushes 6 3 2  

Honeycreepers 45 20 9  
Totals 117+ 59 24  



2. One factor that leads to a decline in biodiversity is the introduction of non-native species.  
However, most species that are introduced to an area do not become established.  What are some 
characteristics of species that might make them more likely to thrive in a new habitat? 
  
  
  
  
  
   

3. Several species of large rats arrived to Hawaii as stowaways on ships.  These rats live in a variety 
of habitats and eat a variety of foods, both plants and animals.  Speculate about how these 
introduced rats could directly and indirectly affect native bird species. 
  
  
  
  
  
   

4. Researchers hypothesize that several factors may affect the extent of predation by rats on birds.  
These factors include bird size, nesting site, and the amount of time young spend in the nest 
(duration of egg incubation and nestling period).  Formulate one hypothesis and its accompanying 
null hypothesis about how one of these factors might affect predation. 
  

a. Bird size: 
H1 (hypothesis): 
  
   
H0 (null hypothesis): 
  
  
  

b. Nesting site: 
H1 (hypothesis): 
  
  
   
H0 (null hypothesis): 
  
  
  

c. Incubation and nestling period: 
H1 (hypothesis): 
  
  
   
H0 (null hypothesis): 
  
  
  
  

   



5. Examine the data given to you (Table 2a, 2b, or 2c). Does the data support or refute your 
hypothesis?  

Table 2a modified from: 
° Atkinson, I. A. E. 1985.  The spread of commensal species of Rattus to oceanic islands and their effects on 
island avifaunas.  In P. J. Moors (ed.), Conservation of Island Birds.  pp. 35-81.  ICBP Technical Publication 
No. 3. 
° Pratt, D. H., Bruner, P. L., and Berrett, D. G. 1987.  A Field Guide to the Birds of Hawaii and the Tropical 
Pacific.  Princeton, NJ: Princeton University Press. 

 
 
 
 
 
 
 

Table 2a.  Predation by rats (R. rattus and R. exulans) on birds.  Included in this table are 
the typical stages of life at which rats prey upon the species of bird listed, the population 
trends of each bird species since rats were introduced, and the size of each bird measured as 
the average length of male and female birds.

Bird Species Stage of Life-Cycle 
Preyed Upon Effect on Population Size 

(cm)
Diomedea immutabilis 
(Laysan Albatross) Chicks Continuing coexistence with rats 81

Diomedea nigripes 
(Black-footed Albatross) Chicks Minor 81

Pterodroma hypoleuca 
(Bonin Petrel) Eggs, chicks Major decline 30

Pterodroma phaeopygia 
sandwichensis 
(Hawaiia Dark-rumped 
Petrel)

Chicks Nearly 40% of eggs and chicks 
destroyed during 2-year study 43

Phaethon rubricauda 
(Red-tailed Tropicbird) Eggs, chicks Up to 65% and 100% losses of eggs 

and chicks respectively in some years 102

Puffinus pacificus 
(Wedge-tail Shearwater) Eggs, ?chicks Minor 43

Fregata minor 
(Great Frigatebird) Adults Minor 94

Porzana palmeri 
(Laysan Rail) Unknown Extinction 15

Sterna fuscata 
(Sooty Tern) Eggs, chicks Continuing coexistence with rats 43

Sterna lunata 
(Grey-backed Tern) Eggs, chicks All young destroyed in one year 38

Telespyza cantans 
(Laysan Finchbill) Unknown Extinction 19



Table 2b modified from Atkinson, I. A. E. 1985.  The spread of commensal species of Rattus to oceanic 
islands and their effects on island avifaunas.  In P. J. Moors (ed.), Conservation of Island Birds.  pp. 35-81.  
ICBP Technical Publication No. 3. 

 
 
 
 
 
 
 

Table 2b.  Predation by rats (R. rattus and R. exulans) on birds.  Included in this table are 
the typical stages of life at which rats prey upon the species of bird listed, the population 
trends of each bird species since rats were introduced, and the usual nest location for each 
species.

Bird Species
Stage of Life-
Cycle Preyed 
Upon

Effect on Population Usual Nest 
Situation

Diomedea immutabilis 
(Laysan Albatross) Chicks Continuing coexistence with rats Ground 

surface
Diomedea nigripes 
(Black-footed 
Albatross)

Chicks Minor Ground 
surface

Pterodroma hypoleuca 
(Bonin Petrel) Eggs, chicks Major decline Burrows

Pterodroma 
phaeopygia 
sandwichensis 
(Hawaiia Dark-rumped 
Petrel)

Chicks Nearly 40% of eggs and chicks 
destroyed during 2-year study Burrows

Phaethon rubricauda 
(Red-tailed Tropicbird) Eggs, chicks

Up to 65% and 100% losses of 
eggs and chicks respectively in 
some years

Ground 
surface

Puffinus pacificus 
(Wedge-tail 
Shearwater)

Eggs, ?chicks Minor Burrows

Fregata minor 
(Great Frigatebird) Adults Minor Branches < 

3m high
Porzana palmeri 
(Laysan Rail) Unknown Extinction Ground 

surface
Sterna fuscata 
(Sooty Tern) Eggs, chicks Continuing coexistence with rats Ground 

surface
Sterna lunata 
(Grey-backed Tern) Eggs, chicks All young destroyed in one year Ground 

surface
Telespyza cantans 
(Laysan Finchbill) Unknown Extinction On or near 

ground



Table 2c modified from Atkinson, I.A.E. 1985.  The spread of commensal species of Rattus to oceanic islands 
and their effects on island avifaunas.  In P. J. Moors (ed.), Conservation of Island Birds.  pp. 35-81.  ICBP 
Technical Publication No. 3. 
1Berger, A.J. 1972. Hawaiian Birdlife. Honolulu: The University Press of Hawaii. 
2Grant, G.S., J. Warham, T.N. Pettit, and G.C. Whittow. 1983. Reproductive behavior and vocalizations of the 
Bonin Petrel (Pterodroma hypoleuca). Wilson Bulletin 95(4):522-539. 
3Harrison, C.S. 1990. Seabirds of Hawaii: Natural History and Conservation. Ithaca, NY: Cornell University Press. 
4Niethammer, K.R., J.I. Megyesi, and D. Hu. 1992. Incubation periods for 12 seabird species at French Frigate 
Shoals, Hawaii. Colonial Waterbirds 15(1):124-127.

Table 2c. Predation by rats (R. rattus and R. exulans) on birds.  Included in this table are the typical stages 
of life at which rats prey upon the species of bird listed, the population trends of each bird species since rats 
were introduced, incubation and nestling periods for bird species.  The incubation period is determined as the 
number of days from egg laying to hatching.  Nestling period is determined as the number of days from 
hatching to fledging.

Bird Species
Stage of Life-
Cycle Preyed 
Upon

Effect on Population Incubation 
Period (Days)

Nestling 
Period 
(Days)

Diomedea 
immutabilis1,4 
(Laysan Albatross)

Chicks Continuing coexistence 
with rats 62-67 140

Diomedea 
nigripes1,4 
(Black-footed 
Albatross)

Chicks Minor 62-67 165

Pterodroma 
hypoleuca2,3 
(Bonin Petrel)

Eggs, chicks Major decline 48.7 Unknown

Pterodroma 
phaeopygia 
sandwichensis1 
(Hawaiia Dark-
rumped Petrel)

Chicks
Nearly 40% of eggs and 
chicks destroyed during 
2-year study

50-55 115

Phaethon 
rubricauda3,4 
(Red-tailed 
Tropicbird)

Eggs, chicks

Up to 65% and 100% 
losses of eggs and chicks 
respectively in some 
years

40-50 Unknown

Puffinus pacificus1,4 
(Wedge-tail 
Shearwater)

Eggs, ?chicks Minor 48-63 60-90

Fregata minor1,4 
(Great Frigatebird) Adults Minor 51-57 166

Porzana palmeri 
(Laysan Rail) Unknown Extinction Unknown Unknown

Sterna fuscata3,4 
(Sooty Tern) Eggs, chicks Continuing coexistence 

with rats 27-33 16

Sterna lunata4 
(Grey-backed Tern) Eggs, chicks All young destroyed in 

one year 24-35 Unknown

Telespyza cantans 
(Laysan Finchbill) Unknown Extinction Unknown Unknown



Threats to Biodiversity: 
A Case Study of Hawaiian Birds 

Group 1—Take-Home Assignment 
As you discovered in class, introduced small mammals like the black rat have devastated the bird 
populations of Hawaii through predation.  However, grazing mammals such as pigs, cows, and goats 
also have contributed to the decline and extinction of Hawaiian birds.  In 1778 and the years following, 
large numbers of these mammals were brought to the Hawaiian Islands for agricultural reasons on 
expeditions led by Captain James Cook and other sea captains.  Since that time, many of these mammals 
have become feral (i.e., though once domesticated, they no longer depend on humans). 

Your assignment, as a class, is to develop an understanding of the problems associated with the 
introduction of these ungulates (hoofed mammals) to the Hawaiian biota, specifically to native birds.  
We can categorize these problems as follows: (1) how ungulates affect the habitat of native birds, (2) 
how ungulates facilitate the spread and establishment of other introduced species, and (3) why Hawaii's 
birds are particularly susceptible to introduced species.  During the next week, each group in your class 
will examine one of these aspects of the problem using information you get from the list of references 
below.  Next week, groups will share their findings with the entire class. 

Group 1:  How might the ungulates introduced to Hawaii affect the habitats of native birds? 

Use the following references to generate your response: 

Drost, C.A., and G.M. Fellers.  1999.  Non-native animals on public lands. 
http://ecosystems.usgs.gov/status_trends/static_content/documents/olrdocs/Nonative.pdf. 
   
Scott, J.M., C.B. Kepler, C. van Riper III, and S.I. Fefer.  1988.  Conservation of Hawaii's 
vanishing avifauna.  BioScience 38(4):238-253. 
   
Scott, J.M.  11/30/1999.  Hawaii—Overview. 
http://ecosystems.usgs.gov/status_trends/static_content/documents/olrdocs/Hawaii.pdf
   
Stone, C.P.  1989.  Non-native land vertebrates.  In:  C.P. Stone and D.B. Stone (eds.). 
Conservation Biology in Hawaii.  Honolulu:  University of Hawaii Cooperative National Park 
Resources Studies Unit.  pp88-95. 
   
Stone, C.P., and L.L. Loope.  1987.  Reducing negative effects of introduced animals on native 
biotas in Hawaii:  What is being done, what needs doing, and the role of national parks.  
Environmental Conservation 14:245-258. 
   
Vitousek, P.M., L.L. Loope, and C.P Stone.  1987.  Introduced species in Hawaii:  Biological 
effects and opportunities for ecological research. Trends in Ecology and Evolution 2(7):224-227.  



Threats to Biodiversity: 
A Case Study of Hawaiian Birds 

Group 2—Take-Home Assignment 
As you discovered in class, introduced small mammals like the black rat have devastated the bird 
populations of Hawaii through predation.  However, grazing mammals such as pigs, cows, and goats 
also have contributed to the decline and extinction of Hawaiian birds.  In 1778 and the years following, 
large numbers of these mammals were brought to the Hawaiian Islands for agricultural reasons on 
expeditions led by Captain James Cook and other sea captains.  Since that time, many of these mammals 
have become feral (i.e., though once domesticated, they no longer depend on humans). 

Your assignment, as a class, is to develop an understanding of the problems associated with the 
introduction of these ungulates (hoofed mammals) to the Hawaiian biota, specifically to native birds.  
We can categorize these problems as follows: (1) how ungulates affect the habitat of native birds, (2) 
how ungulates facilitate the spread and establishment of other introduced species, and (3) why Hawaii's 
birds are particularly susceptible to introduced species.  During the next week, each group in your class 
will examine one of these aspects of the problem using information you get from the list of references 
below.  Next week, groups will share their findings with the entire class. 

Group 2:  How might the ungulates introduced to Hawaii aid in the establishment and spread of 
other introduced species? 

Use the following references to generate your response: 

Scott, J.M., C.B. Kepler, C. van Riper III, and S.I. Fefer.  1988.  Conservation of Hawaii's 
vanishing avifauna. BioScience 38(4):238-253. 
   
Scott, J.M.  11/30/1999.  Hawaii—Overview. 
http://ecosystems.usgs.gov/status_trends/static_content/documents/olrdocs/Hawaii.pdf 
   
Stone, C.P.  1989.  Non-native land vertebrates.  In:  C.P. Stone and D.B. Stone (eds.). 
Conservation Biology in Hawaii. Honolulu:  University of Hawaii Cooperative National Park 
Resources Studies Unit.  pp88-95. 
   
Stone, C.P., and L.L. Loope.  1987.  Reducing negative effects of introduced animals on native 
biotas in Hawaii:  What is being done, what needs doing, and the role of national parks.  
Environmental Conservation 14:245-258. 
   
Vitousek, P.M., L.L. Loope, and C.P Stone.  1987.  Introduced species in Hawaii:  Biological 
effects and opportunities for ecological research.  Trends in Ecology and Evolution 2(7):224-227.  

 



Threats to Biodiversity: 
A Case Study of Hawaiian Birds 

Group 3—Take-Home Assignment 
As you discovered in class, introduced small mammals like the black rat have devastated the bird 
populations of Hawaii through predation.  However, grazing mammals such as pigs, cows, and goats 
also have contributed to the decline and extinction of Hawaiian birds.  In 1778 and the years following, 
large numbers of these mammals were brought to the Hawaiian Islands for agricultural reasons on 
expeditions led by Captain James Cook and other sea captains.  Since that time, many of these mammals 
have become feral (i.e., though once domesticated, they no longer depend on humans). 

Your assignment, as a class, is to develop an understanding of the problems associated with the 
introduction of these ungulates (hoofed mammals) to the Hawaiian biota, specifically to native birds.  
We can categorize these problems as follows: (1) how ungulates affect the habitat of native birds, (2) 
how ungulates facilitate the spread and establishment of other introduced species, and (3) why Hawaii's 
birds are particularly susceptible to introduced species.  During the next week, each group in your class 
will examine one of these aspects of the problem using information you get from the list of references 
below.  Next week, groups will share their findings with the entire class. 

Group 3: What characteristics of Hawaii's endemic birds make them more vulnerable than other 
birds in Hawaii to species invasions like that of the ungulates described above? 

Use the following references to generate your response: 

Campbell, N.A., J.B. Reece, and L.G. Mitchell.  Angiosperms and animals have shaped one 
another's evolution.  In:  Biology.  5th ed. Menlo Park, CA:  Benjamin/Cummings.  p570. 
   
Drost, C.A., and G.M. Fellers.  1999.  Non-native animals on public lands. 
http://ecosystems.usgs.gov/status_trends/static_content/documents/olrdocs/Hawaii.pdf
   
Meffe, G.K., C.R. Carroll, and S.L. Pimm.  1997.  The loss of plants and birds in Hawaii.  In:  
G.K. Meffe and C.R. Carroll (eds.).  Principles of Conservation Biology.  Sunderland, MA: 
Sinauer Associates, Inc. Publishers.  pp257-258. 
   
Olson, S.L., and H.F. James.  1982.  Fossil birds from the Hawaiian islands:  Evidence for 
wholesale extinction by man before western contact.  Science 217:633-635. 
   
Stone, C.P.  1989.  Non-native land vertebrates.  In:  C.P. Stone and D.B. Stone (eds.).  
Conservation Biology in Hawaii.  Honolulu:  University of Hawaii Cooperative National Park 
Resources Studies Unit.  pp88-95. 
   
Stone, C.P., and L.L. Loope.  1987.  Reducing negative effects of introduced animals on native 
biotas in Hawaii:  What is being done, what needs doing, and the role of national parks.  
Environmental Conservation 14:245-258. 
   
Warner, R.E.  1968.  The role of introduced disease in the extinction of the endemic Hawaiian 
avifauna.  The Condor 70:101-120. 
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