Chapter 18-Adaptation and Coevolution

Adaptations: features that enable organisms to live within their environments

4 main categories of selection:

1. Survival in the physica and chemical environment

2. Reproduction: contributing genes to the next generation

3. Predation and parasitism

4. Acquisition of energy and nutrients

-or selective pressures exerted by other organisms (pale peppered moth decrease, selection for dark color moths in pollute areas)

-“arms race” between predator and prey=>each trying to overcome other

-COEVOLUTION: the reciprocal evolution of two or more populations as a result of their selective pressures on one another

SYMBIOSIS “together living”: an intimate, long-term relationship btwn members of 2+ species which may affect each other’s evolution for millions of years

-relationships in nature more complex; harm/benefit in diff degrees at same/diff times…all depends on situation 

-selective pressures for symbiosis: 

-most common benefits of symbionts are protection from predation, shelter, and food

-each partner in a symbiosis exerts great selective press on other’s evolution, interdependence

1. PARASITISM: one species, the parasite, benefits at the expense of other, host 

  Species (ex: viruses, tapeworms)



-food extracted from hosts



-ectoparasites (external), endoparasites (inside host’s body—virus, bact, 



parasitic worms)



-common adapt: prolific reproduction—difficult to find proper host, many



die=need to reprod in large numbers



-female rabbit fleas, attracted to preg rabbits, flea lays eggs/eats blood,



fleas wait for new hosts



-since parasites—not much digestion to do if intestinal, save energy, 



energy put into expansion of reprod systm



-some immature parasites change their host’s behavior, making it more



apt to be eaten by a host in which the adult parasite can develop (ex: 



tapeworm larvae nerv system of sheep, sheep likely to be eaten by 



wolves, wolves new home for worm)


*Virulence—worst outbreaks of diseases occur when parasites first encountr new


host pop., selects for hosts with defense mech against parasite 


-4 species parasites that cause human malaria (Plasmodium falciparum –most


deadly, more related to malaria parasites in birds)


-evolving decreased virulence=advantag. to parasite that is transmit. directly 


one host to another


-when virulence enhances the parasite’s reprod success, selection will preserve it


even tho it may eventual kill enough hosts to cause parasite extinction (malaria-


fast reprod, makes host too sick to swat mosquito, mosquito will pass on parasite)


-parasites that can survive long periods outside host’s body tend to be virulent


-80 spec birds, parasite becuz eggs/nestlings are cared for and fed by birds of 


another (host) species, BROOD PARASITES(ex: cuckoos, honeyguides in Africa,


cowbirds in Americas)—this method boosts reprod success of female parasites


becuz energy in raising young is used to prod more eggs, eggs in diff nests=>


boosts chance of survival

2. COMMENSALISM: one species benefits, other is not harmed/no effect

-ex: cattle egrets that follow grazing mammals; find insects/ins on dung

-some cases, evolved from parasite-host relationships where parasite has

become less and less virulent; some result from casual encounter so beneficial

to one party, learned/evolv behav that makes them seek other party

3. MUTUALISM: both species benefit (members are called SYMBIONTS)

-originated from ancient proks? Allowed pooling of genetic resources

-ancient euks mutualistic w/ bact with photosyn/oxidative pathways=>mito and plastids

-may involve the sharing of biochemical resources, structures, and even behavior [gut bact break down cellulose for host, host provides food/shelter

Mutualism/Commensalism: clownfish and anemone (fish protected from predators by anemone tentacles/gains food scraps; anemone protected from being eaten by butterfly fish when clownfish there)

DEFENSES AGAINST PREDATION: adaptations against pred(defense and escape


-thorns/spines on plants=defense against vertebrate predators; spiny/hairy leaves 

keep away smaller insects; silica coat=defense for grasses; leaf toughness/stringiness/ cells with sharp-needle-shaped crystals (raphides)

-physical defenses are produced only when needed 

CHEMICAL DEFENSES: Plants & animals


Plants: primary compounds (carbohydrates, lipids, nucleic acid) and secondary


compounds (found only in some species)

· 2ndary comp: serve as defense against herbivores, inhibit growth of 



disease causing fungi/bact/vir; extensions of metabolic pathways that
 



make prim comps (ex: tobacco makes nicotine, nightshade makes 



atropine); usually stored in special glands or ducts in form of inactive 



glycosides (glycosides: sugar compds that are hydrolyzed by special 



enzymes when a tissue is damaged, releasing active defensive compds)

· plants prod chemical defenses when damaged (ex: peeled apple, browned area caused by formation of TANNINS)

· energy “cost”: defensive chemicals=selective advantage when predation, but plants WITHOUT defensive chemicals reprod quicker

· affects herbivores: must cope with toxins(by having detoxification enzymes), or switch to nontoxic foods

Animals: toxic chemicals that defend against predation (ex: toads, skunks, caterpillars, insects/spiders, etc), are in diff forms (spray, bite, sting—to reach predator before predator can cause damage), and must defend without losing body parts (like plants can—losing leaves, etc.)

· Tetrodoxin: poison that prevents nerves and muscles from working. Found in Jap puffer fish, Asian goby fish, American newt, Cost Rican frogs,etc ; frogs/toads secrete similar toxins in mucus on skin

· Animals sometimes obtain chem. defenses second hand—many insects, adaptations that permit them to tolerate toxins in their food plants, and

also to reuse these toxins for own defense

APOSEMATIC COLORATION: striking coloration that alerts potential predators to stay away and not attack—in animals with effective chemical defenses (wasps, skunks, monarch butterflies, poisonous fish/frogs, etc)


-protects best against predators that can LEARN 


-defense is that animals using this are distasteful to most animals (Ex: ladybug 


beetles, cinnabar caterpillars)

APOSEMATIC SOUND: In the case of bats and moths=


-bat produce ultrasonic squeaks, moths reflect by producing ultrasonic clicks, 


bats are warned by this (usually bats will hunt moths, but not if they click), bats


are careful to avoid moths. Moths protected by distasteful chemical.

MIMICRY:


Müllerian Mimicry: members of several different well-protected species resemble 


another=> the more indiv with similar pattern the lower the chance any indiv will


be killed while pred learns to avoid pattern. Discovered b Fritz Müller.


Batesian Mimicry: (Henry Walter Bates, zoologist) the resemblance of a mimic 


(unprotected species) to a model (protected species, aposematically colored)—


goes down to details of anatomy and behavior

· How do we tell which is model/mimic?

1. A model usually looks and behaves like closely related species, whereas

a mimic may be very different from relatives

2. Unusual behavior, clue to mimicry (ex: flies that curve abdomens as if they were about to sting, but nothing to sting with; moths usu nocturnal, but mimics fly during day with butterflies they mimic)

3. We should find fewer mimics because mimic’s existence detracts from the protection the model gets from its aposematic coloration

Viceroys and monarchs are mullerian mimics—both species unpalatable (monarch contain toxic: cardiac glycosides, from milkweed)

ESCAPING PREDATION: escape includes hiding, fleeing, finding safety in numbers

-silhouette, eye, and bulk are the main features that permit us to recognize an animal

Camouflage: means of disguising things so they are diff to perceive, protects from discovery, can be camouflage thru vision, smell, sounds; must hide 3 things ^

Countershading: disguises bulk, which gives animal sense of being round. Majority of animals have light bellies and dark backs. Light from top therefore evens out color. (ex: animals that live upside down=> 3-toed sloth, backswimmers (aquatic bugs), some caterpillars)

Disruptive coloration: Silhouette is disguised by this.  Parts of body appear same color/intensity as bkground, while others contrast. Results in splotchy pattern.

Eye disguising: (eyes=animal, location of brain) False eyes on parts of body, away from head; used to scare predators

-Camouflage is useless unless appropriate behavior patterns evolve along with coloration

Cryptic coloration: coloration that hides an animal against its background, for animals whose predators hunt by sight; plants can also be camouf. (stone plants)

ESCAPE BY NUMBERS: organisms escape predation in presence of so many prey that predators cannot find/eat them all; many offspring that some are  bound to live


-fish/aquatic invertebrates—many offspring produced


-nymph (immature form) of periodic cicada take 17 yrs to grow; at end, all 


emerge and molt into adults, mate, females lay eggs, etc.

OBTAINING FOOD in animals : 1. staying in good spot and letting food come



                           2. moving around and hunting

3.parasitizing another organism’s ability to obtain food


-search images: mental “pictures” of what they are looking for; pred have fewer


decisions to make


-camouflage, mimicry: “sit and wait” predators (Ex: fake “fem firefly” eats male)

COEVOLUTION: Mimicry gives prey species a better chance of being avoided by predators; in turn, selects for predators that can tell edible from inedible


-flowering plants and insects (insects help with pollination, flowers provide food)


-Acacia trees, live mutually with ants (large #,can disable pred, can recruit other 


members of colony for help)=>ants protect tree, keep clean, disease-free; trees 


provide nutrients


-glucosinolates (less toxic, can be stored without damaging own tissue in plants)-is 


effective defense against insects that don’t usu attack plants with these toxins


-counteradaptations to 2ndary compds: canavanin (toxic), but Costa Rican 


beetle overcomes it; instead uses it as food


-2ndary compds: attract herbivores



-some insects use food plants’ 2nd comp as cues by which they locate the 



plants; by scent; mustard oils as stimulants (feeding, egg-laying, etc)


-2nd comps similar to regular organism hormones: could cause death, preven


metamorphosis; interference with hormone control (ex: precocene=> premature


metamorph in larval milkweed bugs by suppressing secretion of juvenile horm.

