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INTRODUCTION TO ECOLOGY TRANSPARENCIES

CONTENT: This is one of a series of transparentidhe siences designed to aid teachers in gr
4-8. The visuals and supporting information carubed as a stand-alone curriculumt@iillustrate
concepts introduced in textbooks and lectures. déseriptions and images focustte relationshig
between plants and animals in their natural sedtin@he overheadprogress from the more beg
principles to increasingly complex concepts andties. Eaclpage of information corresponds
one of the overheads:

1.

2.

8.

9.

Classification of plantsthe characteristics of the ftwvnes of plants

Successionthe natural progre ;s o f flay. soe :ies liv mg gl ven community

Photosynthesis; oxygen/carbon dioxide and g@nocycles:the basic processes of life

. Climate: the influence of weather and the water cyclesgians of the Earth

Food chains, we )s,; and | yr anid 3e relaticagnips betv 'een  iants ar d ar mals iaraa

Tundra and taiga biomeshe plant and animal life in these cold climagions

. Temperate forest and tropical rainforest biantbe plant and animal life in these regions

Grassland and desert hinmalea nlgnt 2nd animal life.in.thase Arier i=2gions

Ecosystemsthe cont ection; betwe 2n living and 10 1-living rom 2 1ts i1 an environment

10. Human impactthe influence that human activity has upon edesys

SOURCES: While some of the images were createdcedly for this packet, most came from the
internet. Almost all of the latter are in the pabdomain. For the others, permission was rect
from the photographer, artist, or agency. Crexdgiven along with the picture itself, and the iines
addresses on the back pages list the locaitddrthe images and the information used in pregaitis
packet. (Especially helpful were the websiteshef ©).S. Fish & Wildlife Services, U.S. Departn

of Agriculture, National Park Services, and NASKarth Observatory.)

USE: There ic-a celigan cfimages cn-each-trancsarer.cy. his-arrangbelews-eleted topics
be conveniently grouped and allows costs to bermz&d. (A simple way to display only a few of
Images at a time is to cover the other images wisiheet of paper.) Thiescriptions are intended
assist teachers in presenting information...Thisng of the ten sets in the science transpal
series,—Animals, Astronomy, Ecology, Energy Resources, Gggpl Human Body, Matte
Oceanography, Weather, and Work, Force, amdidd. These and other offerings can be view
www.k8resources.com

Text: © 2008, Michael Berkowitz, k8resources, Sadaine



1. CLASSIFICATION

Non-plants: Algae; gilled mushroom; lichen

Plants: moss with spores; bracken fern; horsetalil;
Credits: Lynn Betts, NRCS, USDA; EC ~usu. Her suiie NF 5 oo G od, NP [N ’S; iyaniar /, NP' Dour as '.add, NRCS, USDA

Bristlecone pine; wheat; apple blossoms; Indian pipe; mangrove roots; tamarack; sundew with insect; bonsai
Credits: NPS; USDA; Doug Wilson, USDA,; Isle Royale NP, NPS; NOAA,; Victorian Gardens Tours; NPS; Eric Newman, USDA



1. CLASSIFICATION OF PLANTS

Five kingdoms: Replacing the simpler, traditional plants-vs.raalis dstinction, scientists now u
five kingdoms to categorize living forms:

Monerg the prokaryotes, are either single-celled ormallo They lack nuclei, cell walls, and
membrane-bound organelles. They include bactedabéue-green algae.

Protistahave nuclei and live in water. They include thgke-celled protozoa and multellec
algae and kelp.

Fungi are multicellular, have cell walls, and get thefodd” from decayingorganisms
Examples are mushrooms, the symbiotic lichen, amcklular yeast.

Animalia are multicellul=r;-lack 2 ce! wall. ar>-mobkile fat '22<t part of their lives, and
nutrition from plants o..ather arimil:. 71 e maiay a inc 1ide the invertebrates (spon
hollow-bodied, flatworms, rcunavo m=, se jmented ms& r mollusks, spiny-skinnedanc
arthropods) and the vertebrates (fish, amphibiamiles, birds, and mammals).

Plantsare multicellular, immobile, have cell walls, améke their own food by photosynthesis.

Classification of plants: Plants are categorized by their development antiadstof reproduction.

Bryophytes th': s mplest | lent, i re nor.zascular, (1aving yiem dr wat_r-conducting cells)
Lacking true ool _stom; ai«/ | :aves, 11ey are l wyto 10e oround.  Lacking seeds, yhe
reproduce by spores. They include true mosse$ardiorts.

Ferns(and related species such as horsetails) havenxyleots, stems, and leayeget alsi
reproduce by simple spores. Tropical ferns caohrea high as forty feet.
Gymnospermslerive their name from the Greek words for nakeeds. Conifers, comprisir
the major group, wwiwde L, T Gnd spruce evwae 1am’ for the cones that house tl
seeds. Miavspore 3. frem mal: ¢ >n2g5 boceme pc''engiair s w rel ransported by the wi
to the female cor 2s’ eg |s tu. c.mhine—-orm h¢ zvoote = ("“2ws and ginkgos house 1
seeds inside a berry.) The leaves of most condessneedle-shuped reducing water ,loss
shedding snow, and remaining year-round to allowliezafood-making in the sprin
California’s sequoias can grow to 400 feet tallmsdbristlecone pines are 4,000 years old.
Angiospermsderive their name from the Greek for seeds in &alesEncaseth the ovary’
covering, the seed contains stored food and theuers of roots, stem, and leavé4onocot:
(such as palm trees, orchids, yams, lilies, banarasgrasses) have a single seed leaf, p:
veins, flower petals in multiples of threand unpatterned vascular bundles in their si
Dicots (including cactus, squash, cotton, potatassers, and most fruit and vegetables)
two seed leaves, branching veins, petals in makigf four or five, and radiallgroupet
vascular bundles.Their fruit is the extension of the ovary wall. diosperm flowers attra
poll'narois, suck as hees. | The seeas of the fruitle dispersed by wina faandeiionjate
(cocaiiuyy;, “hiccrmikers” (ourrs), animais eadiigihedisie fruis (nuts and werrie)r thei
own expulsion (wisteria).

Fleshy, cream-colored Indian pipe lack chlorophyetting nutrients from fungi and trees.
Tolerant of salt water, the root system of mangsdvarbors fish and crustaceans.
Tamaracks are conifers that shed their needldsicdld months.

The sundew, Venus fly-trap, and pitcher plant @amivorous,—eating insects.

Bonsaiare pruned ar limited by their pot size to appear to be old, iature tree:

Oddities:



2. SUCCESSION

BOG SUCCESSION

Open laowl g pep
Water louti I
bed | (®3rlY bog
succession)

Silt Accumnulation Sedge Peat  Sphagnum Peat  Parent Material
{mineral soil )

Pond succession; bog succt ==i2n; zhoa; s nreck ple it o coack tr2es !rea ing down rocks;
dunegrass; dune vegetation dune | lant.® d ne resto “tion

Credits: Lynn Betts, NRCS, USDA; R. E. Bigley and S. W. Hull, WA, DNR; USFWS; Colette Jacono, USGS; J. Frankli.., USDA Forest Service; Phil Stoffer,
USGS; J. Lefevre,GLERL, NOAA; Capt. Albert E. Theberge, NOAA; Year in Review, US NPS; K. Rodriguez, IE, US PES, GLNPO

Succession after Mt. St. Helens explosion: 3 years after; 6 years after; lahar site 1 year later;18 years later
Succession at burned boreal forest: charring; jack pine returns; black spruce take hold; mature forest
Credits: USDA Forest Service; P. Frenzen, USDA FS; F. Valenzuela, USDA FS; P. Frenzen, USDA FS; Lou Steyaert, NASA, GSFC, USGS, EO, NASA (4)



2. SUCCESSION

Bog succession Bogs, grass-dominated marshes, and the shrubbécted swamps are types
wetland. (Wetlands are areas that are saturatéidamted, have characteristic soils, and have water
tolerant roots.) Succession from open water totéebog (and possibly beyondhows a change
vegetation over time. As decayed plant matteuimctates in open wategrasses, sedge, pond il
cattails, horsetails, and bulrushes fill in—formiagen. These are followed by the sphagnuassn
sundew and cranberry of a bog. The bog may evahtker, sporting hemlock and evergreen.

Dune_succession Dunes also show a series of stages of plantlogweent. Only specialize
colonizers can first inhabit the dry, salty, nuttipoor, unstable sands. Beachgrassesstainilize
dunes. Clumping of plants rzuures rvind .nd . '@ we?p/isitor ‘v uecaying leaves and gras:
That allows mosses and secuges @k | c!ld’  “=ived dJune "~sacome covered with bh
Reintroduction of plant speci?<s ~.n/ the rcm:veha f-nativ 2. sne cies caestore native plants a
animals to the dune. Finally trees may inhabit dhea. This succession of vegetation occurs
hundreds of years, but a walk inland from the slaften provides a simulated view of trasquenc
of plant life.

Starting from rock: /sufcestio..cal & so bogin with ba ¢ iuck, asan g. 'ichen is the fitsto
occupy the hard su face. Ir & rauuelly berimraimbnge ~2=f, lichel ( #2i=s both fungi (whic
absorb moisture, bre aks don Tock, ar 4.2cqu eshiclas) < nd alg2e.{wh ch tse those cloats fo
photosynthesis). Par.cles accumulate forminglhirenest layer of soil. ®rt rhizoids of mosses ¢
then take hold. With deepening soil, fireweed,itep blueberry and waty plants can surviv
Shrubs and trees follow.

Succession _in_woodlar us. Al ias.2r (secoadar b ictession fo'llow s the rapid destructior
vegetation, as in the cas>27a ferast oc. R =S/  ni tu wipari 0 1€ re¢ eneration of a conityu
In mature forests, the flcor coll:cts nedles dadimlt's, ~n2a.tru ks i fal en treedn the cold, th
organic matter does not decay or decompose quiekdgving the nataral litter to accumulgte.
Whether started by lightning or humans, fires btine delbis, returning the carbon to the s
Following the 1988fire at Yellowstone National Park, flowers and gess first reestablish
themselves. Then aspen returned; followed by eomifln other boreal forests, jack pine are a
advantage. The intemasheat melts the resin in their cones, releasiagsdeds. Jack pine and as
quickly form a low, thick layer. The spruce thalldw are more efficient imgetting sunlight and th
gain the competitive edge making them a climax tplantaiga regions.In temperate forests, t
sequence of plants includes, annuals and weedspmpals such as asters, shrubs and perennial
as goldenrod and sumac, evergreens such as ceddinally deciduous maple and oalOn the on
hand, forest fires release carbdioxide and methane and other greenhouse gasesdntribute t
global warming. Or ‘he oher hand rhoasyittheeaidie rapid »ant ¢revan thaito'l dvis recaptl
some of the carbon dioxide. 1hus the net etfectasas negative as when forests agplaced k
urban and suburban “development.”

Succession at Mount St. HelensA clear succession has followed the 1980 eruptiom Washingto
volcano. The explosive event forcefully blew dotkees and spread lava, mudflows (lahars), an

in the surrounding area. Hardy weeds reappearechtks in the lava. Windblown seeds took riaot
soil exposed in gullies after the ash ladded. Berries and understory plants sproutad the root
of blowdowns. Alder and lodgepole pine have béenfirst trees to reappear, as they do bettervin lo
nutrient soils.




3. PHOTOSYNTHESIS; THE CARBON AND NITROGEN CYCLES

OXYGEN

Oxygen-carbon dioxide cycle AR B O N D I OXI D E

Individual Images from Micros ft P~ werPon * clij -t

Nitrogen cycle
Credit: MAIA/EPA



3. PHOTOSYNTHESIS AND THE CARBON AND NITROGEN CYCLES

Photosynthesis: Using the Sun’s light energy (photo), plants fmgether (synthesize) carbon dio»
and water to make food. Photosynthesis reliedlga#s of the plant:

The roots absorb the water. A deep taproot cahana plant in the water- and nutrient-

bearing soil; lateral roots extend the reach; filsrooots and the finer root hairs increase
surface area to increase absorption.

The stem transports the water: Its vascwatesn allows for the water and dissolved mine
to reach the leaves, within the xylem.

The leaf makes the food: The surface of the lagtuwres sunlight. Ae middle layer contai
chlorophyll, a green chziiical that brzaks dowin-w@“eO) inte-exygen (@) which is release
and hydrogen ions. Fydrogen ‘H) 1z ¢anlines. \ ignbo > “ioxide (C@ to form glucose
(CeH120g), a simpler staar e ur.ders.cie of the leif cor ains openings catethata whic
allow gaseous exchange—with carbon dioxide entetegleaf and oxygen exitingStomat
also allow transpiration-the release of 10% of the amount of water thatpthat had broug|

in through its roots. The guard cells surroundimg stomata adjust the size of the opening—

depending on changes in teengture, humidity, wind, and light. This regulaths intake c
carbon dioxide forpatezyntheris ard the releds waier .5 avo o uasiccation)A single
large oak tree ce rele s 210 0C O gallo»5 of vpetey 22

Simple sugars produced during ptegnthesis can either be “burned” for energy amavgr or store
as starches and carbohydrates. Storage td&es in the plant’s fruit (as in apples), leaf@sin hea
lettuce), stems (as in above ground asparaguslowlypound potatoes), or in rt®(as in carrots
The phloem (tubes in the stem) transports the sugad starches from the leaf to stem or roots.
Respiration: All cells in »ath p 2ntoar 2-animals “bi it sa-for 2re g ar 1 growth. Using oxyg
sugars are broken dowr to rel2asu th eir store i ich e eray. 'n tir2 process, carbdioxide ani
water are released. In many ways it is the opposit@raitosynthesis:© Respiration breaks d
sugars, uses oxygen, releases carbon dioxidesesl@gater, and does not need light.

Oxygen-carbon _dioxide cycle: The largely reciprocal processes of photosynshasid respiratic
result in the oxygen-carbon dioxide cyclelants take in carbon dioxide and release oxydexyger
Is taken in by animals and plants for respiratemd by vehiles and industry in combustion. Car
dioxide is released by animals, plants, vehiclegustry, volcanoes, and fire3.he carbon dioxide
taken in by plants, continuing the cycléduman activities of the last two centuries haveraltibotr
the balance of that cycle and the storage of carlf@ombiningwith hydrogen, oxygen, and nitrog
carbon can exist in organic forms in living organgs It can also be stored in inorganic forms i
rocks, air, oceeng, end in tassi fuels.)

Nitrogen cycle: Beside carbon, oxygen, and hydrogen, nitrogetsis crucial for living organisms.
too is processed in a cycle: Nitrogen is conventgal a usable form by bacteria (addtritus feede
and some algae). Bacteria can be dispersed isdihebutthey are often concentrated in the rooi
clover, alfalfa, and soybeans. Through nitrifioati the bacteria “fix” nitrogen-transforming it int
amino acids, (critical proteins for plants and aash Dissolved in water, the nitrogen compound
absorbed by plants. The plants and animals whiclswme them use the nitrogen in the protein
growth and functioning. Nitrogen from them retutosthe soil in wastes or in the decay after di
Then the cycle begins again.




4. CLIMATE

Water cycle redit: Joh M. E\ »ns, 1S Geologi <. Surve

Koeppen Climate Map Credit: Food and Agriculture Organization of the United Nations



4. THE WATER CYCLE AND CLIMATES

The water cycle Water can be liquid (water), gas (vapor), oidsgice). The recurring pattern
shifts from phase to phase is called the hydrologate, (water cycle) While the following list show
the stages of the water cycle, there is actuallgtading and endpoint in this ongoing process:

Evapotranspiration:In evaporation, heat energy activapesticles of water, enabling therr
break the attractive bonds and to escape from scéales, rivers, ahthe soil into the air.
transpiration, leaves release water vapor. [nisaion, warmth, sun and wind energize(H
particles directly from the solid state to the gase

Condensation As air is cooled, particles slow down to therpgdhat their energy of motiomnc
longer overcomes their_attractive forces. Thuswlaer molecilegoalesce around bits
dust, smoke or salt. Waen corJensiton :«c egqr e tson, :louds form.

Precipitation: When dropli ts cuclesc? encugh tc form a raindtbe,gravitational pul
overcomes the buoyancy or the moist air, causingcipitation..Snow results at cold
temperatures, where gaseous vapor sublimates (fgrioe crystals directlyvithout passin
through the liquid phase) and then falls as dejwsit

Accumulation, infiltration and runoff Precipitation and deposition can accumulateyl@cier:
or ice caps), infitrate.into the eround, or ruhiofipermeahle or caturated surfaces.
Storage 97% of ‘'he E i1 3 s o1 2d wawrr is ocear c walf :r. v os: oftf e rest is locked
glaciers and i :e caps. prina.iiy i1 Antar t@ad Grec nlana. Wz el rel'rns to the atmos;
through evapo.ation, melting of calved ice, andisudtion. This continues the cycle.

While the net amount of evaporation, transpiratiand sublimation approximately balances
amount of precipitation on a global level, there atrong local variations contributirtg climate
differences.

Climates: The prevailing tempe atu-e, recipitetion, :lc oder ai(. s> sor al variability of egior
determine its climate. The region’s latitude diesawhen and how directl the Ssienergy warmr
the land. Elevation also influences temperatiBecause gravity pulls air particles closer to thetg
there are fewer heat-producing collisiobstween particles at higher elevations. Oceaneaots
transfer heat. (The Gulf Stream allows palm tteesurvive in southwest Great Britain.)

The Koeppen classification system lists six categor
- Tropical humid—year-round warm; with no winter oslaort or dry one
Dry—subtropical or mid-latitudes deserts or grasda
Mild—mid-latitude with moderate winters
Severe—mid-latitude with severe winters
Poliar—caid aa-drywith frozen suraca (ice capyezen unaeirground layer (perimefrost)
Highiaina==hign clevations witn iocalizea raicrociinatondidons

Biomes: A biome is a geographical region which shares sinubnditions of climate, soil typefora
and fauna. It is the particular combination ofrdie and soil that support an interrelated comity

of plants and animals there. There are six basimés—the cold and dry tundra, the cool evergreen
dominated taiga, the moderate deciduous-treed textgpéorests, the drgeasoned grasslands,
moist rainforest, and the arid desert. The spenibabiting a particular biome have develo
adaptations that allow them to survive the paricdombination of conditionsPlants and anime
depend not only on those conditions, but also wgamh other as well.



5. FOOD CHAINS, WEBS, AND PYRAMIDS

Forest food chain
Credit: Kathy Sarns, USFW 5, Al ska

Alaskan marine food web; Grasslands food pyramid

Credits: USGS Alaska Science Center; images from Microsoft PowerPoint clip art




5. FOOD CHAINS, WEBS, AND PYRAMIDS

Producers: Organisms thatake their own food occupy the base level of tuglfenergy system. The
autotrophs use energy to transform inorganic comg@geuo organic ones. Phytoplanktgiants an
some algae contain chlorophyll, enabling them tméss the sun’s energy to carry out plgtdhesis
The chemical products provide the foods for animals

Consumers: Unable to make their own food, consumers museshagutrients from other organisi
The primary (first-level) consumers are herbivor@smals such as rabbits and dewt eat only plant
The secondary (seconevel) consumers include carnivores who eat herbs/osuch as the mice that «
grasshoppers. The tertiary (third-order) consunaeescarnivores that eat other carnivoreshsag th
snake that eats miceSome siasaificiiion [ yste ns wnic'uc 2 qui weinaryh@gvel) consumers, whi
extend to carnivores that eau carnivores 110t 7& tiv ares, cuch ¢ othe hawk that eats the snakeseT
higher order consumers do iat Fave an /| re atore.

Detritivores: There is a range of organisms that feed off ddadts and animals, (detritus)Thes
scavengers play an important role in breaking dawganic matter into inorganic matter. Thi
decomposition process is started when the largeitideres, such as earthwornasid millipedes, shre
the layer of dead plz.nte ard aliima’s (n the tafr ®koil (¢ v thc oe2a rnoarflhen smaller anima
such as millipedes anc rour Iv’o.m; (1ematc-.eshdudic 2=*h¢ detri u: -~<.naller organisms, suc
fungi and bacteria, omplet: the pit cess.. Thisgirous is returney tc the soil, and nitrogeimxestéc
by bacteria into compounds that plants use to nfieg@d. The process is aided by moisture avarn
temperatures, both of which speed up compostirmns. In such natural settingach as the forest flo
this recycling of nutrients leaves rich organic lushon top of the root-infested layer of soil conitag
minerals and organic compounds. (Beneath thatetisefertile earth lacks the organic building B&g

Food chains: In a sim »#cd nzzel, e focd Che n siows ajknossible, sequential relations
between animals and jlants. " Usiag th2a.Sur's energy»hine caon Jdioxideyater, and inorgan
compounds from the soil, plants make carbased sugars. This food is'ingested by herbivofégy ir
turn are consumed by omnivores and carnivoré¥hef the animals die, scavengers break down
remains into the inorganic compounds which are @ugaen used by plants to make food.)

Food webs: Food webs detail theomplexities of the interactions between speci@simals are nc
limited to confined roles—for example, bears arenvorous eating both berries and salmon.

Food pyramids: Food pyramids illustrate other principles in te&tionship between food sourcds. &
community, there is a variety of species at anggitood (trophic) level. Animals lower on the pyram
are more numerous; those higher, fewer in_numfére highest order consumers have no predatirs
takes mo-e-individeais at aicv/erieys: ta ‘ecc an2a-igherleve |,

The Sun’s energy Is transformed and stored as daeranergy by plantat the base of the pyran
during photosynthesis. Some biat energy is lost as an animal from a higher l@att from a lows
level. Ten percent of the stored energy is alsbtlm heat, breathing, digestion, locomotion, etc.

Biomagnification: While energy is lost, chemicals are not. Nutsesccumulate,—much tihe benef
of the consumer. dHutants, however, also accumulate. This proceabed biomagnification, caus
toxic chemicals to become more and more conceudtdaigher up the food chain. PCBs doaind a
levels 5000 times greater in the Great Lakes hgigudl than in the phytoplankton at the beginnaigts
food chain. The death and malformation of thelchare signs of such environmental hazards.




The remaining pages include:

6. Tundra and Taiga

7. Temperate Forests and Tropical Rainforests

8. Grasslands and Deserts
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10. Human Impact
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