SCIENCE
High School Student Guide

Science is both a body of knowledge that represents current understanding of natural systems and the process
that continually extends, refines, and revises that body of knowledge. Progress in science cannot be made
without an understanding of both. While knowing specific facts and details about the natural world is important,
science is much more than merely learning content. It is the active process of investigation and the critical
review of evidence related to the world around us. Science is the process of gathering and evaluating
information, looking for patterns, and testing possible explanations.

Students often wonder why science is necessary for them. Science students learn to think critically and to
develop reasoning skills that allow them to become independent, lifelong learners. Science methods and thought
processes have applications well beyond the bounds of science, and students who understand the rules of
evidence can transfer that knowledge into practical everyday life and to future employment opportunities.

A study by Arizona State University indicated that students who opt out of advanced levels of mathematics and
science may now eliminate up to 75% of career opportunities from which to choose.’ Employers want their
employees to be able to make observations; gather, analyze, and critically review information; communicate
information effectively; and work with other people to reach goals. It is clear that the science literacy of the
twentieth century will not be sufficient for the twenty-first century.

ASU Research, Fall, 1998, p. 41

ABOUT THE TEST

The science test contains 65 multiple-choice questions. Calculators are not allowed;
however, the calculations required can be readily handled with pencil and paper. The
questions will emphasize conceptual understanding, the inquiry process, and problem
solving skills.

Hints for taking AIMS — Science

* Remember that this is not a timed test. Take your time and do your best work.
* i Since calculators are not allowed on this test, double-check your work!
e Carefully read each question and all of the answer choices.

—-» Plense do NoT write on this |
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E-I_I Understanding Evolution

Understanding phylogenies

Understanding a phylogeny is a lot like reading a family tree. The root of the tree represents the
ancestral lineage, and the tips of the branches represent the descendants of that ancestor. As you move
from the root to the tips, you are moving forward in time.
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When a lineage splits (speciation), it is represented as branching on a phylogeny. When a speciation
event occurs, a single ancestral lineage gives rise to two or more daughter lineages.
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Phylogenies trace patterns of shared ancestry between lineages. Each lineage has a part of its history
that is unique to it alone and parts that are shared with other lineages.
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Similarly, each lineage has ancestors that are unique to that lineage and ancestors that are shared with

other lineages — common ancestors.
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Download this series of graphics from the Image library.

View this articie online at:
http://evolution.berkeley.edu/evolibrary/article/evo 05
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21.1

At its core, the case for evolution is built upon two pillars:
first, evidence that natural selection can produce evolution-
ary change and, second, evidence from the fossil record
that evolution has occurred. In addition, information from
many different areas of biology—including fields as differ-
ent as embryology, anatomy, molecular biology, and bio-
geography (the study of the geographic distribution of
species)}—can only be interpreted sensibly as the outcome
of evolution.

The Fossil Record

The most direct evidence that evolution has occurred is
found in the fossil record. Today we have a far more com-
plete understanding of this record than was available in
Darwin’s time. Fossils are the preserved remains of once-
living organisms. Fossils are created when three events
occur. First, the organism must become buried in sedi-
ment; then, the calcium in bone or other hard tissue must
mineralize; and, finally, the surrounding sediment must
eventually harden to form rock. The process of fossilization
probably occurs rarely. Usually, animal or plant remains
will decay or be scavenged before the process can begin. In
addition, many fossils occur in rocks that are inaccessible to
scientists. When they do become available, they are often
destroyed by erosion and other natural processes before
they can be collected. As a result, only a fraction of the
species that have ever existed (estimated by some to be as
many as 500 million) are known from fossils. Nonetheless,
the fossils that have been discovered are sufficient to pro-
vide detailed information on the course of evolution
through time.

Fossil evidence indicates that evolution has occurred.

Dating Fossils

By dating the rocks in which fossils occur, we can getan ac-
curate idea of how old the fossils are. In Darwin’s day,
rocks were dated by their position with respect to one an-
other (relative dating); rocks in deeper strata are generally
older. Knowing the relative positions of sedimentary rocks
and the rates of erosion of different kinds of sedimentary
rocks in different environments, geologists of the nine-
teenth century derived a fairly accurate idea of the relative
ages of rocks.

Today, rocks are dated by measuring the degree of
decay of certain radioisotopes contained in the rock (ab-
solute dating); the older the rock, the more its isotopes have
decayed. Because radioactive isotopes decay at a constant
rate unaltered by temperature or pressure, the isotopes in a
rock act as an internal clock, measuring the time since the
rock was formed. This is a more accurate way of dating
rocks and provides dates stated in millions of years, rather
than relative dates.

A History of Evolutionary Change

When fossils are arrayed according to their age, from
oldest to youngest, they often provide evidence of succes-
sive evolutionary change. At the largest scale, the fossil
record documents the progression of life through time,
from the origin of eukaryotic organisms, through the
evolution of fishes, the rise of land-living organisms, the
reign of the dinosaurs, and on to the origin of humans
(figure 21.2).
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FIGURE 21.2
Timeline of the history of life as revealed by the fossil record.
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Gaps in the Fossil Record

This is not to say that the fossil
record is complete. Given the low
likelihood of fossil preservation and
recovery, it is not surprising that
there are gaps in the fossil record.
Nonetheless, paleontologists (the
scientists who study fossils) continue
to fill in the gaps in the fossil record.
While many gaps interrupted the
fossil record in Darwin’s era, even
then, scientists knew of the Ar-
chaeopteryx fossil transitional between
dinosaurs and birds. Today, the fos-
sil record is far more complete, par-
ticularly among the vertebrates; fos-
sils have been found linking all the
major groups. Recent years have
seen spectacular discoveries closing
some of the major remaining gaps in
our understanding of vertebrate evo-
lution. For example, recently a four-
legged aquatic mammal was discov-
ered that provides important insights
concerning the evolution of whales
and dolphins from land-living,
hoofed ancestors (figure 21.3). Simi-
larly, a fossil snake with legs has shed
light on the evolution of snakes,
which are descended from lizards
that gradually became more and
more elongated with simultaneous
reduction and eventual disappear-
ance of the limbs.

On a finer scale, evolutionary
change within some types of animals
is known in exceptional detail. For
example, about 200 million years
ago, oysters underwent a change
from small curved shells to larger,
flatter ones, with progressively flat-
ter fossils being seen in the fossil
record over a period of 12 million
years (figure 21.4). A host of other
examples all illustrate a record of
successive change. The demonstra-
tion of this successive change is one
of the strongest lines of evidence
that evolution has occurred.

The fossil record provides a clear
record of the major evolutionary
transitions that have occurred
through time.
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FIGURE 21.3

Whale “missing links.” The recent discoveries of Ambulocetus and Rodbocetus have filled
in the gaps between the mesonychids, the hypothetical ancestral link between the
whales and the hoofed mammals, and present-day whales.

G. arcuata G. arcuata 6 I
obliquata incurva . mecullochii
FIGURE 21.4

G. gigantea

Evolution of shell shape in oysters. Over 12 million years of the Early Jurassic
Period, the shells of this group of coiled oysters became larger, thinner, and flatter.
These animals rested on the ocean floor in a special position called the “life
position,” and it may be that the larger, flatter shells were more stable in disruptive

water movements.

Chapter 21 The Evidence for Evolution
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