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Chapter 3: A Resourceful Menu

Plants convert phosphorus, calcium, nitrogen, and other raw materials into carbohydrates, amino acids, and other products of photosynthesis, and the result of those efforts is exploited by many animals. 

Ingestion 
Herbivory ( the eating of plants

The tissues of plants are full of tough digestibility reducers such as cellulose and hemicellulose, strong deterrents for any animal looking for a meal. In fact, if it were not for fungi, bacteria, and other microbes, most animals could never enjoy a green menu because they cannot produce the enzymes necessary for the breakdown and digestion of a plant’s structural components. However, microbes can manufacture those enzymes – cellulose, hemicellulase, and ligninase – and when they eat organic material, microbes help detoxify and physically weaken the tissues. They also liberate some of the essential elements such as nitrogen and phosphorus that are locked up in the plant. By the time detrivores ingest a meal it has already undergone “microbial conditioning”, and because the plant material still contains microbes, the animals get a free protein supplement. 


Filter feeders ( forego the effort of expending energy when gaining access to food supply. Clams, for example, sit at the bottom of shallow-bodied lakes and rivers and draw in water through their intake siphons, which are lined by hair-like cilia that create the incoming currents. Inside the clam, a mucous net removes the water’s organic cargo, moving it into the stomach, and the water is sent out the ex-current siphon. (Other examples: black fly larvae, caddisfly larvae, fresh water sponges)

Puddle ducks are a mammalian example of a filter feeder. These ducks have large, flat bills that act as sieves. They scoop material from the bottom with their heads submerged and bums sticking into the air. Edible particles are strained from the water as it passes through the comb-like lamellae lining the inside edges of the bill. 
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Sap and Nectar ( Two liquids serving very different roles in plants, require special mouthparts for their extraction. Spittlebugs, Aphids, and other sucking bugs have two pairs of stylets – one made of modified mandibles – that when pressed together form a thin spear that penetrates the liquid-transporting sieve tubes of a plant. While some sucking may be necessary, the pressure of the sugar-rich phloem sap can be sufficient to force it up the tube and into the bug’s mouth. Plants, of course, do not like having their phloem tubes punctured and so normally plug the hole right away, but to keep the fluid flowing, sucking bugs release anti-blocking chemicals with their saliva. As sap on its own doesn’t contain sufficient nutrition, insects obtain the missing protein by digesting symbiotic microbes that live in their gut. 
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Nectar, not sap, is the preferred food of most butterflies and moths. The sweet sugar water, which can vary in its blend and concentration of sugars, is sucked up through a long proboscis, which comprises two galeae (projections of the maxilla) that uncoil to probe deeply into floral blooms. Humming birds also drink nectar, by first inserting their long bill into the spur of a flower. Then, the even longer bifid tongue is extended well beyond its tip by a marvellous piece of equipment called the hyoid horns (hyoid process). Once immersed in nectar, the tongue’s forked tip separates the fringe of lamellae that line each fork uncurl. 
The modified teeth of mammalian herbivores are analogous to the mandibles of insects and the radula of slugs: they serve to tear apart plant tissues. 

Leaf Miner: An insect larva (ex. Caterpillar) that eats the tissue between a leaf’s membranes, creating blotches or meandering tunnels or mines in the process 
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Teeth wear with use, and so many herbivores (such as the beaver) have colourful incisors covered with hard enamel, its orange colouration due to iron, which gives it strength. The enamel is also durable because, just like plywood. It is constructed of several layers of material laid down in different planes. The back of the incisors is composed of a softer white dentine, which wears more quickly than the enamel. 

Birds have no teeth yet many eat plant products, especially seeds and fruit. A select few even eat buds and leaves; the main diet of Spruce Grouse is the needles of spruce and Jack Pines. These boreal grouse and other plant-eating birds might not have teeth, mandibles, or radula but they do have an analogous structure – the gizzard. This highly muscular part of the stomach is lined with a hard, rough cuticle and is a veritable gristmill made even more effective when small stones (grit) are included in the bird’s diet. 
Digestion ( Mastication of plant material is followed by digestion, which involves the breakdown of structural elements such as cellulose into small, absorbable particles, accomplished by the digestive enzymes cellulose, hemicellulase, and ligninase. Oddly, very few animals, apart from some slugs and snails and a few insects, including some wood-eating beetles, produce those enzymes. 
Herbivores that lack these essential enzymes have necessarily found other ways to extract nutrients from the stingy tissues of plants:

• The solution employed by most is to have their ingested plant fibres broken down by other organisms that do produce the plant-digesting enzymes (bacteria, protozoans) Many herbivores have developed symbiotic relationships with these microbes!

Hemicellulose:  A binding agent that holds cellulose bundles together in plant cell walls

Cellulose: A structural element in cell walls that is also a digestibility reducer, most plants are about one third cellulose 

Lignin: A chemical compound, the main function of which is to provide support to woody tissues 

[image: image4.jpg]UGA1398043




Mountain Ash Sawfly ( Larvae are gregarious feeders that react to disturbance by immediately doing S-shaped headstands!

Ruminant: A herbivore that has a rumen and regurgitates cud (Example: Moose)
Rumen: The first of four stomach compartments possessed by ruminants; contains bacteria and other microbe symbionts that break down cellulose and other structural components 

Moose enlist the help of microbes and bacteria, housing large colonies inside their digestive tract in a special stomach chamber called the rumen. However, plant tissues are extremely reluctant to release their nutrients, so after the tiny digesters ferment the ingested material, it is given a second treatment. The partly digested matter is regurgitated as a cud to undergo, once again, further mastication by the cheek teeth. After it is swallowed a second time, the highly fragmented material undergoes more complete digestion in another stomach chamber (the osmasum.) The food mass is finally passed to the true stomach (abomasums), where the digestive enzyme lysozyme breaks down the bacteria, releasing amino acids and other nutrients held in their minute bodies. 

Coprophagy: The consumption of excrement 
Caecum: A pouch or sac-like extension at the junction of the intestines in herbivores; contains bacteria and other microbes that assist in digestion (rabbit, rodents)
Birds do not ruminate nor do they practice coprophagy, yet some, such as geese, devour large quantities of grass and tubers. They compensate by having extraordinarily long caeca. Despite this, the digestion of plant tissues usually remains incomplete. 
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Seeds ( Loaded with fat and protein and are often physically protected by hard coats, shells, and scales. Insects such as Acorn Weevils simply chew their way through the hard coats. Squirrels nip through protective coats with sharp incisors. Bears crush hard-cased seeds and nuts in their cheek teeth; grouse and their kin do the same in their gizzard. 
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Fruit ( Many berries and other fruit are chemically protected in their early stages, they are highly edible when mature. Generally, animals that eat fruit are not concerned with seeds, which pass unharmed through the digestive tract. Though rich in carbohydrates, berries and other fruit usually contain low amounts of protein and fat. For that reason, animals that eat primarily fruit must eat a lot to acquire sufficient nutrition. Since it is only available seasonally in the northern hemisphere, most animals in that part of the world eat fruit on a part-time basis, dedicated frugivores are virtually absent. 

Plant Chemical Defences 

• Berry eaters wait until the plant informs them (often visually) that the fruit is safe to eat because the chemicals protecting the seeds during their development have been neutralized 

• Many herbivorous insects, including caterpillars, secrete saliva that contains enzymes that shut down or weaken that plant’s defences as the animal eats 

• Other animals sequester the toxins and store them in their body (Monarch Caterpillars) 

Sequestering Plant Chemical Defences 

• Chewing through a main vein before eating the portion of the leaf it and its branches feed (Milkweed sequestering by Caterpillars and Red Milkweed Beetles) 

• Some leaves contain a net-like transport system; Cabbage Looper caterpillars chew canals across the web of veins to cut off the flow of chemicals 

• Other insects circumvent the defence system by girdling the leaf petioles, thereby cutting off the entire supply line

Carnivores 

Animal flesh offers two big advantages over plant tissues: it is much higher in food value, especially proteins that contain the amino acids stolen from plants; and it is a lot easier to digest. 
Raptors (Diurnal Birds of Prey)
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The eyes of diurnal hunters are packed with cones, which are cells that offer sharp vision as well as colour perception, and retinal pits, and retinal pits called foveae contain more than a million cones per square millimetre, offering superior vision. In raptors, the central foveae (search foveae) help the birds locate a prey, while the temporal foveae (pursuit foveae) allow them to keep track of it during the chase.
A flattened lens situated at a distance from the retina create a longer focal length, enlarging the incoming image two to three times its normal size. 

Ground Beetle
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Predatory insects have very different eyes from those of mammals or birds. They are compound eyes made up of ommatidia, each containing six or seven sensory cells. Each eye acts as a single visual unit, with the sum of their views providing a full image to their owner. 

Spiders!
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Spiders also have multiple eyes (up to eight) but they are separate and simple in structure, not compound as in insects. Wolf spiders and Jumping spiders, just like owls and hawks, hunt at different times of the day. As both groups of spiders hunt visually and under different light conditions, their eyes possess different adaptations. The retinas of nocturnal Wolf spiders house a reflective layer of crystals that acts like the tapetum lucidum in mammals, making their eyes more responsive to light and producing eye shine when subjected to light. The Jumping spider eyes are not only different, they are unique. Each side of the head has two eyes, (a posterior lateral and an anterior lateral) that offer the widest field of views. (60 degrees and 130 degrees, respectively) of all the spider’s eyes, and they overlap to produce binocular vision. Those eyes act as motion sensors and collectively, (two per side, four in total) cover a full 360 degrees – the spider as no blind spot. 

Owls
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Owls depend more on hearing than any other sense to find small mammals, yet they appear to have no ears at all – and their secret lies entirely in their facial structure. Owls have very large ear openings on the sides of their head hidden under feathers, but by no means do the feathers encumber an owl’s hearing. To the contrary, they endow these birds with the most sensitive hearing of virtually all birds. Of particular importance are the facial discs, the circular rings of feathers that surround each eye and give an owl its distinctive look. They turn the face into two circular paraboloids, each functioning like a satellite dish to capture and direct sound to an ear opening. The shape of the discs can be altered by muscles, allowing an owl to focus its hearing at varying distances. An owl’s skull is also designed to provide fine auditory discrimination. The skull is wide, creating greater spatial separation between the ears for better horizontal separation of sound. 
Echolocation: The use of ultrasound for locating prey; used by many bats and some shrews

Eastern Wolf
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Wolves and other carnivores enhance their ability to detect and track prey by hunting at dusk, when the still warm earth and cold air above combine to trap scents close to the ground. The odours are detected by sensory cells in the snout and mouth, particularly dense concentrations of which are found in the vomeronasal, or Jacobsen’s organ located in the roof of the mouth. 

In snakes, the Jacobsen’s organ plays an essential role not only in detecting prey but also in determining its precise location. Scent molecules are picked up by the tips of a snake’s forked tongue, which are retracted into the mouth and placed in the twin pits of the vomeronasal organ. If the molecule concentrations on the fork are equal, the prey is straight ahead; if more molecules are on one fork, the prey is to that side. 
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Other hunters have developed somatosensory systems. Raccoons have an extremely large concentration of tactile cells in their paws, which is one reason they grope looking for food in water, and the front pair is four times more sensitive than the hind ones. 

Star-nosed Mole
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The fleshy nose protuberances are actually mechanosensory appendages loaded with thousands of Eimer’s organs, which are skin projections that contain sensory corpuscles. These provide the mole with what is probably the most sophisticated touch sense of any mammal. Moles use their odd appendages to touch and identify edible prey and to map out tunnels. 

Webs
Funnel Weaved ( construct of a flat, sheet-like web at ground level or in tree openings; at one end is a tubular funnel in which the spider hides and waits. 

Sheet Web ( creation of bulkier structures with a number of vertical knockdown strands situated above a horizontal sheet under which the spider rests. 

Orb Weaved ( hang vertically from tree branches, bushes, and grass stems 

Spider silk is released from the underside of the last body segment, the opisthosoma. Although no one spider has the full compliment, there are seven different types of silk, each used for specific jobs such as structural web building, egg wrapping, and prey bondage. Spiders recycle silk by eating their broken webs. 

Neurotoxin ( (attacks nerves)
Hemotoxin ( (digests red blood-cells)

Predators are important components of ecosystems. They help suppress prey population and exert an important selection pressure by opportunistically killing weak, ill, or deformed individuals, thereby improving the population’s health and genetic pool. 

Parasitoids ( an animal that lives in or on, and obtains its nutrition directly from another living animal , killing it in the process; usually smaller, sometimes only marginally than the host. 
Parasites ( an animal that lives in or on, and obtains its nutrition directly from another and usually much larger living animal, usually without killing it; a plant that obtains its nutrition from another plant 

Phonotaxis ( the movement or orientation of an organism in response to sound stimulus; can be toward (positive) or away from (negative) the sound source 

Chemotaxis ( detection of airborne chemicals by parasitoids, such as the sexual attractants released by insects looking for mates 
Endoparasitoids often inject their eggs into a host. Many female Tachinids have ovipositors that look like and serve as knife blades to cut into a host. 

Potential hosts must sometimes be evaluated for their suitability. Size is an important consideration because the host must remain in an edible state long enough for the young parasitoids to complete their development. A host already laden with parasitoids may be unable to provide sufficient nutrition for a second bunch of hungry mouths, but when hosts are hard to find (or are not large enough), some female parasitoids resort to multiparasitism (also called superparasitism) and lay their eggs even though others are already present.
Even if an eggs is successfully planted inside a host, defensive actions can still be taken. A small foreign object that enters an animal body is usually greeted by haemocytes, blood cells that attack and consume the intruder. Larger invaders, such as the eggs of a parasitoid, can be coated with layers of haemocytes or melanin particles, the later resulting in complete malanotic encapsulation. To counter these defences, wasp parasitoids inject, along with their eggs, proteins or polydnaviruses that shut down the host’s immune reaction. 
Other parasitoid effects on hosts:

• halt of the hosts development 

• stimulation of growth 

• alteration of metabolism

• immobilization 
Parasites can either be ecto or endo living on the outside or inside of animals usually much greater in size. In both situations, unlike parasitoidism, their feeding activity does not typically result in the death of the host.  
