G9¢

-

-~"— .
SRS
s

(3]

{H )Y

F_._- .‘ [

s‘n_

{)

- (1

uls .,M
P
_
§

o] .
0

- (¢

- 08

10702 ot yorewr o1 yderd ayy uo seare oy 10700 UL, '15230F Ted1dox) pue Gsoreg vt
~UId) ‘}S3I0T $N0IYIU0D ‘pueissead ajeradiud) ‘RIpuUn} ‘J3Sap WOLJ ISOOYD) "JILI | 10r 1 oi i

'‘6FE 2[NPOA LI dear oy

‘TAP[OD 10 10710y a4k SWOT] Yolym JJ9SINOA Mse ysnl /syunowe [eyures pue ounin « e

3IN[OSJLe MO O} PIdU JOU OPp NOA .:gﬁm A} HO SIWOIQ I] [2geT] "STNID0 Saub e} vy

UOED JOTUM UTUHM SHUW] [[ejures pue orjeradura) aup Suruipno ydesdowrp,, v
aan8y avy g, “soworq Surdeys srojey jueitodwr 1sow ayi are uoneddaid pue ause wi

XU AU} OP PUR WON-(1D) SU3 18 00T ‘SOUU0Lq Y3 [[€ PRIas0d dALy noA

(2

SAUIOIG [DIIISIID |

QA€ AMANDY ¢ -]

. {81'bE - 6°YC SOMPOW)  9.09j0I0K} | ¢

‘SALM SNOTIRA UT S9WH01q aJediod ya1ym ‘sastot

QUFHO .\U,m.:\\:: fddrer

S BN N

PUR “SUISILSI0 *(*0) “DI1) SUOIIPLHOD JDIUIUL04I0UD [1102dS ‘1jpfuTv aurtjvdadutyy o
5.-0p ‘1013007 :d0} AU} SSOIOE SIISLINDLILYD 1Y) JO YOI I0] SULUN|OD IO AL} putz ‘Wi,
13T 23 UT aWotq yora Jo awpu a4y 151] ‘Jaded jo jooys o8rey e uispy “woyy sazedin
JIEUD B 3YEW 0F ST SOLSLISIDRITD LOU] UIE3] 0 AbM P0G L ‘83w ) Inoqe pros i

~ {81'pE - 6'VE SOINPON)

. 3 -

g-o8]0ii} §

- gmt——
PPI——— -

. . &y

y A - -
" 44 et s
. A At
% . PUT .-
. + . -
- (. .
. '
. .
-3 B
. T r——t
oAl . ’,
. 3 " o
o - R
i T
N e
i, -1 eo.
3 .




366 Chapter 34

“Exercise 7. (Modules 34.9-34.18)

Web/CD Activity 34D Terrestrial Biomes

Match each of the phrases on the right with one of the biomes from the list on the left.

. Grassland with scattered trees

. The biome of most of the northeastern United States

. Scrubland of dense, spiny shrubs

. Moose, elk, snowshoe hares, beavers, bears, and wolves live here
. The warmest, rainiest biome

e o T S R
OO0~ O

A Tundra 1. Grows around the Mediterranean

B. Desert __ 2. Among the most complex and diverse of ali biomes

C. Tropical forest _ . 3. Prairies, pampas, veldts, and steppes

D. Temperate decidu- .. 4. Thetaiga of Canada, Alaska, Siberia

ous forest _____ 5. May be hot or cold but is always dry

E. Chaparral 6. Permafrost occurs here

F. Coniferous forest _ _ 7.May occur in rain shadow

G. Temperate grassland 8. Characterized by broad-leafed deciduous trees

H. Savanna 9, Richest farmland in the United States
___10. Antelope, zebras, lions, and cheetahs live here
__11. Closest to the North Pole

) _ 12, Unlike other biomes, this one 1s growing in size

i ) -; . ____13. Characterized by mild, rainy winters and hot, dry summers with fires
—_ _____14. Some characteristics of savannas but in colder areas than savannas

__ 15, Straddles the equator

DO
-

" Exercise 8 (Modules 33.9-34,18) - . ... .7 .0

Web/CD Activity 34D Terrestrial Biomes

Color and label this map to show the disiribution of these major biomes: tropical forest, sa-
vanna, desert, chaparral, temperate grassland, temp__erate deciduous forest, coniferous
forest, and tundra. {If you want to go into more detail, you can include polar and high-moun-
tain ice ar\e\a&)

Tropical forest Temperate graseland
Savanna Temperate deciduous forest |
Desart {oniferous forest ’é
A
Chaparral Tundra :
Polar and kigh-mountain ice i




Population Dynamics

A marine biologist observes humpback whales in the Gult of Alaska, zcologists band mi-
grating shorebirds in Brazil, and a primatologist tracks orangutans in the forests of Borneo.
Foresters map the spread of gypsy moths in a New England forest, a Peace Corps volun-
teer monitors crop pests in Kenya, wildlife biologists watch sea turtles lay their eggs on a
Costa Rican beach, and United Nations public health workers compile statistics on the
crowth of the world’s human population. The theme that unites all these activities is the
study of population dynamics. We need to know where living things live; how numerous
they are; the way they are distributed on land or in water; their birth rates, death rates, and
i:fe spans; the environmental conditions that atfect them; and how they are adapted to these
conditions. The many aspects of population dvnamics are the subject of this chapter.

Organizing Your Knowledge -

T
-

- .

i

- - .

exercise will allow you to work with the concepts of population density, dispersion
C:2m, and sampling. The map represents a meadow on the edge of the city of Mapleton.
s surrounded by developed and farmed land but has remained relatively undisturbed.
_ 27 z.opers plan to build a subdivision that would cover the meadow. The Mapleton Open

>-z22 Alliance would like the meadow to remain as public open land. They note that the

—

ooz hawthorn, an uncommon shrub, is found in the meadow. 1t is considered a “sensi-
w2 2vecies” by the state conservation department. The city council has asked for a con-
soulnondelay until the status of the shrub is determined. You have been sent to determine
o2 zensity of the hawthorn population in the meadow, as well as that of a deer mouse that
=27 2iso be present. Use the map of hawthorn distribution on the next page for your sur-
venand answer the following questions.

The arca of the meadow 1s 16.8 hectares. (A hectare is a melric unit of area equal
to aocut 2.2 acres, so the meadow totals about 37 acres.) This is too big an area to count
everw shrub, so you will have to look at sample plots. On the ground, this would be done
wiin ropes and measuring tapes. You can choose random samples by merely dropping a
pennt on the map, drawing a circle around it, and counting the “shrubs” inside. On the
scale of the map, the area covered by a U.S. penny equals 0.2 hectare.

. Take ten samples. How many hectares does this total?

. What 15 the total number of shrubs in the ten samples?

. What is the density of hawthorns in shrubs per hectare?

= Ly DN

. What is the total number of hawthorns in the meadow?

Gl

. How could vOou malce yOur count more accurate? T.f\ﬁn}-' ot do this?

370




Population Dynamics 371

6. Look at the map again. What is the pattern of dispersion of the shrubs? What might
cause this pattern of dispersion?

You would also like to know the number of deer mice in the meadosy. For this, it will
probably work best to use the mark-recapture method.

7. Why does this work better than the method used to count the plan:s? ity i
'K

{ifl gy,

——

8. One night, you trap 40 mice, mark them, and let them z2. o2 mizhos lzter oo
again trap 40 mice, and ten of them are marked. Wha%is ime 20ta. numbrer of mice i
the meadow?

1

9. What is the population density of mice in the meadow, in animals per hectare?

10. What do you have to assume about the mice and your method for your resulis to be

valid? Could you be wrong? Why or why not? '(ﬁ.‘
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372 Chapter 35

‘‘‘

| Models devised by ecologists describe two kinds of population growth. Exponential
B erowth is described by this equation: G = rN. The rate of growth, G, depends on N, the
size of the population, multiplied by 7, the population’s intrinsic rate of increase, which is
calculated by subtracting the death rate from the birth rate. Exponential growth is unreg-
ulated. The bigger the population, the faster it grows. This cannot be sustained for long in
real populations, but it is interesting as a theoretical possibility. Populations of fast repro-
ducers like bacteria and insects can grow at near-exponential rates for short periods.

Let’s calculate and graph the exponential growth of a population of aphids for
which r = 40% per week. Remember that G = »N. If there are 10 aphids to start with, the
number of aphids added by the end of the first week (G) is equal to rN, or 0.4 x 10, which
equals 4. So the total population (N} after one week is 10 + 4 = 14,

(Round off fractions.)

2. What will the total population (N) be at the end of the second week? ___

3. Aphids added in the third week? ____Total after third week?

4. Aphids added in the fourth week? Total?

5. Total at end of the fifth week? __ sixth week? _ seventh week? _____ eighth week?
ninth week?  tenth week?

6. Graph the size of the aphid population (N) versus time (in weeks) below.
Population size was 10 at time = 0. Label the axes of the graph.

7. How would you describe the shape of this graph?

8. Could this kind of growth continue indefinitely? Why or why not?

1. Starting with the new total (N) of 14, how many aphids will be added (G) in the second week?



shape of the graph?

1. What happened to the popuiation during the 1960s and early 1970s?

11. What may have caused the population density to level off?

12. What is vour estimate of the carrying capacity of the island for deer?

15. What is the biological term for this kind of population growth?

Population Dynamics 373
=’ environments will not support exponential growth. Populations are limited by space,
= supply, or other factors that slow growth. The population may level off at a density
i Evironment can maintain—carrying capacity. This so-called logistic growth is de-
-77.2ed by the equation G = ¥N(K - Nj/K, where K fepresents carrying capacity.
The following data chart the growth of a population of deer on a small protected
-.2d off the coast of Alaska, recorded over a S0-year period:
1940 92 1970 814
1945 151 1975 765
1950 295 1980 688
1955 603 1985 740
, 1960 861 1990 729
I- 1965 920 1995 738
3
[I =. Graph the growth of the deer population below. Label the axes. How would you descrizs 2hz »rerall




fa. o
b4 il

374 Chapter 35

_Exercise 3 (Modules 35.4-355) - . -

Population growth is limited by both bictic and abiotic environmental factors. Biotic and
abiotic factors affect birth rates and death rates in different ways. State whether each of
the following words or phrases relates more to biotic factors or to abiotic factors.

od g

et bt peed ped ped e
Sy U s N == O

e —— A —
——— A
—————rr—
A ————re—
—————
N ————————
Y ——r—rr—r—rTVY
PV vV S E———
-— s — .
- —_ i — Y
Y
——rY vV
—————————V
——— ———
—————
A ——r—rr———r—r
~—r———he.

18.
19.
20.

O 0N oW

et
N

. Have more effect when the population is larger {density dependent)
. Have less effect when the population is smaller

™

. Etfect does not depend on density of population

Competition for food

. Fire
. Predation

Stress produced by crowding
Competition for nest sites

. Storms

. Drought

. Disease

. Heat and cold

. Habitat disruption by humans

. Cause populations to stabilize in size, presumably near carrying capacity
. Cause rapid population growth followed by unpredictable crashes

. Seem to cause boom and bust cycles among predators and prey

Limit the snowshoe hare population
Limit the lynx population
Etfects of the nonliving environment
Etfects of other organisms

_Exercise 4 (Module 35.6) ..

Web/CD Activity 35B  Investigating Survivorship Curves

Check vour understanding of life tables and survivorship curves by matching each phrase
on the right with a term on the {eft. Answers may be used more than once.

A. Life table _ 1. Graph of percent alive at the end of each age interval
B. Survivorship ____ 2. Tabulation of deaths and chance of surviving
curve 3. Mostyoung die, but a few live to old age
C. Typel 4. Originally used to set life insurance rates
survivorship 5. Characteristic of oysters
D. Typell _____ 6. Death rate constant over life span
survivorship 7. Characteristic of Hydra and gray squirrels
E. Typelll 8. Most offspring live a long life and die of old age
survivorship 9. Characteristic of humans and many other large mammals
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_Exercise 2 ' {Modules 36.2-36.5) .

Web/CD Activity 36A  Interspecific Interactions

The structure of a community is shaped by interactions among the populations making
up the community. The most important kinds of interactions are predator/prey relation-
ships, competition, and three kinds of symbiosis—parasitism, commensalism, and mutu-
alism. State which of these five interactions is described in each of the examples below.

1.

10.

11.

12.

Small fish called remoras accompany sharks and dine on scraps
left over when sharks feed.

Sheep liver flukes feed on bile and can weaken or kill their hosts.
They are passed on to other sheep in the animals’ droppings.

(razing by introduced mountain goats has reduced the numbers
of alpine wildflowers in Olympic National Park.

Pest-control specialists have brought in a destructive moth to eat
tansy ragwort, a poisonous weed.

Mistletoe obtains nutrients from a tree host.

A small shrimp takes shelter inside a sponge, which is apparently
unaffected by its tenant.

Mycorrhizal fungi associated with roots obtain carbohydrates
from a tree, while enabling the tree to absorb water and minerals
more efficiently.

In many parts of North America, the starling has displaced the
biuebird from its nest sites.

A bee pollinates a tropical orchid by being tricked into “mating”
with the flower; the bee uses a perfume from the flower to attract
a mate.

The influenza virus attacks the lining of the respiratory tract and
1s passed from person to person by contact or airborne droplets.

Red-winged blackbirds arrive earlier on the breeding grounds but
are forced to the edges of a marsh by larger, later-arriving yellow-

headed blackbirds.

Lions hunt large herbivorous mammals such as zebras and wilde-
beest.
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Web/CD Activity 36A  Interspecific interactions

You can think of an organism’s niche as its “role” or “iph7im the sommmupitv. The niche

snchudes the sum of the organism’s functions, apiifies. and s-lz-z- 2z 1t iz possible to de-
seribe the riche as a sort of “job description” for a soedies. 25 772w ~iz=7zzzim 2 classified
ad: “Applicant will be required to travel in herd, drinx Tnro =T sz rmiimoridown
trees for food” could only describe the job of an elephant.
Identify the organism whose niche is outlined ineacn or fns oo 17 s Bt | e
scriptions. Some are from the text; others are not but will probably (like tne ez -t a2 e

miliar to you. -

1. “Ability to build trap to catch flying insects. May or may not need
to devour mate.”

2. “Ability to cling tightly to rocks, withstand wave action, and out-
last competitors at low tide.”

3. “Will be traveling and working outdoors m cold weather. Must
have the patience to wait long periods to catch and eat seals
through hole in ice. Some swimming ability and camoutlage

helpful.”
4. “Will be stabilizing tide pool community through predation. Must
like mussels.” ’
5 Must be able to withstand coastal storms and forest fires while |
maintaining species’ reputation as world's tallest tree.” i
6 “Must live in South American rain forest, eat insects, and have -
poison glands and bright coloration.” ik
7 “Will work closely with legume. Will be required to fix nitrogen in f
exchange for daily carbohydrate allowance.” Wy
8. “Important position as keystone predator, consuming sea urchins
and evading killer whales.” i
“Exercise 4 _{Modules.36 L T E’
Web/CD Activity 36B  Primary Succession ,,,:
Gradual transition in the species composition of a community that occurs after a distur- t

bance is called ecological succession, described in Module 36.6. Module 36.7 describes how
fire—normally considered a disturbance—actually maintains the character of certain com- ‘i
munities. State whether each of the following represents a relatively early stage In succes- ‘a
sion or a relatively late stage. (Hint: Ask yourself if the community were left untouched, >
whether it would look the same or different in a hundred years. If it would look different,
it is in an early stage—there are later stages 10 come. )

T ichen-covered rocks near a melting glacier in Alaska
The Pacific Northwest forest described int Exercise 1

A vacant lot near vour college

An oak-maple-beech forest in Ohio

A lava flow on the island of Hawati
A lawn in a suburb in New Jersey | |

- A cornfield in Virg'mia

01 e N

~]
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_Exercise 5 (Modules 36.8 - 36.10)

Web/CD Activity 36C  Energy Flow and Chemical Cycling
Web/CD Activity 36D  Food Webs

The trophic structure of an ecosystem is the pattern of feeding relatienships by which en-
ergy and chemicals flow through the system, from trophic level to trophic level. Name the
trophic level of each of the organisms in the following description of a freshwater marsh
food web: producer (P), primary consumer (1C), secondary consumer (2C}, tertiary con-
sitmer (3C}, quaternary consumer (4C), or detritivore (D). (Note that a consumer can func-
tion on more than one level, depending on what it eats.)

Marshes and other wetlands are among the most endangered of habitats. They
are productive “nurseries” for many wildlife species, but many of our wetlands have
been drained for agriculture or filied for development.

The freshwater marsh food web starts with plants like cattails, arrowleaf, and

various floating or submerged “water weeds” (1 ). They provide food for
muskrats {2 ) and mallard ducks (° ), both of which may in turn be
eaten by hawks (4 ) or mink (° ). Microscopic algae (° )
make much of the food in the marsh. Small shrimplike crustaceans (’ )
and insect larvae (8 ) graze on the algae. The insects are eaten by ducks
2 ), frogs (* ), and sunfish (12 ). A frog or sunfish might
eaten by a larger vellow perch (12 ), a great blue heron (13 ), a
-zzer snake (14 ), or a mink (1° ). The heron (10 ) also eats
percn and snakes, and the hawk (V7 ) will also occasionally devour a snake.

This is a highly simplified description of a marsh food web. There might be hun-
“res of species of large plants and animals making up the community of a marshy road-

(
|
'i’l

-2 Tond, not to mention a swarm of microscopic creatures. In addition to this grazing
-2 22 web, many inconspicuous worms, insect larvae, and snails (* ) get their
-2 2 rom the dead material produced by the other plants and animals of the marsh.

n a separate sheet of paper, sketch the marsh food web. It is not the same as the
exz7_: = Module 36.10. Write the names of the organisms at their appropriate trophic
leveis, 2m.2 connect the names with arrows. (Where in your diagram should the produc-
ers be? ..z “or consumers? Which way do the arrows point? Why?)

-

_Exercise 6 _(Modules 36.8 - 36.12)

Web/CD Activity 35T Energy Flow and Chemical Cycling
Web/CD Ac:i‘zv:ty 360 Food Webs
Web/CD Activity 36E  Energy Pyramids

The flowchart on the next page illustrates the movement of energy through an ecosvstem.
The boxes represent the total mass of organisms at each trophic level. The arrows show
the amount of energy passing through each trophic level. Energy enters the producer
level as sunlight. Some of this energy is stored in molecules produced in photosynthesis.

Energy enters each of the consumer trophic levels when the consumers feed on the level
below. Much of the energy in the food entering any level is used to power life processes;

the food 1s used as fuel in cellular respiration, and its energy ends up as heat. Some en-
ergy is wasted; it is lost to the detritus food web in the form of dead leaves or droppings.



_ =mall portion of the energy is stored up in tissue when organisms grow ot reproduce;
g production-*—ab out 10% of energy intake at any trophic level—is the only energy avail-
¢ to the next level Label and color the trophic jevels on the diagram: producers (green),
--imary consumers (blue), secondary cOnsumers (pink), and tertiarv consumers (orange).
- +hel and color the patiern of energy flow: sunlight (yellow), pro duction energy (Or-

:m.ge), enexgy used in cellular respiration (red), and energy in wastes TToWT

" Exercise 7

Web/CD Activity 36F The Carbon Cycle

Web/CD Activity 36G  The Nitrogen Cycle
Web/CD Activity 36H Water Polfution from Nitrates
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The biosphere receives 2 constant supply of energy from the sun, uses this energy for a
while, then loses it fo space as heat. Unlike energy, the chemicals necessary for life are
present on Earth in fixed amounts, and these chemicals are used over and over. These
chemicals, such as water, carbon, and nitrogen, occt i various forms and are changed

from one form to another by various physical ~nd chemical processes. The story below

craces a nitrogen atom as it MOves through the various reservoirs and processes Of the ni-

trogen cycle. Fillin ihe blanks as you follow its journey.

The nitrogen atomn, N, had been it the atmosphere for more than 2 years. It was

paired with ~nother identical nitrogen atom, forming a molecule of *
cas, which makes up about 80% of the air. During its time ' the atmosphere, N had cir-
Jlod the Earth several times, from the skies over the Philippines, to Africa, to the

Antarctic, t0 South America, and now over d gand dunc in North Carolina. There 1t was
. a nodule on the root of 2 legume called 2 beach pea.

partner and ~ombined with hydrogen atoms, eventually

captured by :
There N was split away from 1ts

Commmnities and Ecosystents
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