
 (mechanoreception)

 (touch and pressure)

 (somesthetic senses) 
(touch)  (pressure) 

 (mechanically gated channel protein) 
 (sensory dendrites) 

 (exoskeleton)  (sensor) 
 (hinge of bristles) 

 5.63  ( :  Gillespie  Walker, 2001)
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 5.64 
:  Austin Community College District, 2008)

: 
(proprioception: the mechanoreception of motion and position)

 (gravity receptors)  (statocysts)
(Greek: statos, standing; kystis, bag) 

 5.65  ( )  ( )
:  Encyclopædia Britannica, Inc., 2015)

(neutrally buoyant) 
 (

) 
 (ciliated mechanoreceptors) 

 (statoliths) 
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 (sensory hairs) 

 6.66  ( :  Encyclopædia Britannica, Inc., 2015)

 (cephalization of sensory)  (lateral
line) 

 (mechanoreceptor system) 

(neuromast)  (lateral line system) 

 (cavefishes) 

 (pit
organs)  (fluid-filled grooves/ canals) 

 3
 2 

(mechanoreceptor sensory hair cells) 
 (microvillar processes)  (stereocilia) 

(sensory transducer) 
 (cilia)  50 

 (cupula)  (cilia bundle) 
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 (kinocilium) 

 5.67  ( :  Encyclopædia Britannica, Inc., 2015)

 5.68 
:  Encyclopædia Britannica, Inc., 2015)

 100 

 2 
 1)  (cochlea) 

 2)  (vestibular apparatus) 
 (inner hair cells) 

 2 
 (temporal bone) 
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(semicircular canal)  (otolith organs  (utricular) 
(saccule))  ( ) 

 5.69  (vestibular system)
:  Austin Community College District, 2008)

 (hair cells)  20-50  1 

)  ( ) 

 (excitatory depolarization) 
 (inhibitory hyperpolarization) 

 (magnitude) 

 (afferent fiber) 

 (afferent neuron) 
 (vestibular nerve) 

(vestibulocochlear nerve) 
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 5.70 
:  Austin Community College District, 2008)

 5.71 
:  Austin Community College District, 2008)

 (role of the semicircular canals)
 (vestibular senses)

 3 
 (receptive hair cells) 

 (ampulla) 
 (cupula) 
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 (endolymph) 

 5.72 
:  Austin Community College District, 2008)

 (acceleration)  (deceleration) 
 1 

 3 

 (inertia) 
 (

) 

 3 

 (seasickness) 
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 5.73  ( :  OpenStax, 2016)

 5.74  ( :  Angelaki  Dickman, 2018)

 (role of the otolith organs)

 (linear motion)  (utricle) 
(saccule) 

 (ear stones) 

 (vertical) 
 (horizontal)

 5.75  ( )
 ( ) :  Hain, 2013)
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 5.76 
:  Austin Community College District, 2008)

 2 
 1.  ( )

 5.77  ( :  OpenStax, 2016)

 5.78 

 ( :  Angelaki  Dickman, 2018)
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 2. 

 5.79  ( :  OpenStax, 2016)

 (flounders) 
 (fry) 

 90o

 5.80  (  scuba.about.com)

 (vestibulocochlear)  (vestibular nuclei) 

 1) 
 2) 

 3) 
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 5.81  ( :  OpenStax, 2016)

(proprioceptors in the muscles, tendons, and joints give information on limb position and motion)

(stretch sensor) 
(muscle spindles)  (golgi tendon organs) 

(kinesthetic sense) 

(ears, hearing, and the mechanoreception of sound wave)

 (early warning) 

 (toad fish) 

 (minnow) 
 (Weberian apparatus) 

 (gas bladder) 
 (swim bladder) 
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 5.82 
:  Dictionary of ichthyology, 2009)

 5.83 
 Dictionary of ichthyology, 2009)

 3 

 (amplify) 

 (cochlea) 

 5.84  ( :  OpenStax, 2016)
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 (ear-flaps) 
 (barn owl: Tyto alba) 

 (midbrain) 

 5.85  (  ARKive.com)

 (compression) 
 (rarefaction)

 2 
 (tuning fork) 

 1 
 ( ) 

 (rarefied) 
 (compression) 

 (rarefaction) 

 5.86 
:  PHARMACOLOGY, TOXICOLOGY & THERAPEUTICS, 2016)

 (rippling fashion) 
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 (dies out) 

 5.87  (  in Physics, 2016)

 5.88  ( :  Ncert Help)

 (pitch; tone)  (intensity;
loudness)  (timbre; quality) 

 (pitch)
 (tone) 

(frequency) 
 20-20,000  (Hz) 

1,000-4,000  50-3,000 
 200-1,000  40 

 (ultrasonic wave) 
 (infra wave) 

 (duration)  10-15  (5 ) 
 (descending frequency spectrum)  100  20

 (echo) 

 (echolocation) 
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 5.89  ( :  OpenStax, 2016)

 (shrews)
 (toothed whales)  (Odontoceti) 

 (click)  200  -32 

 1)  (blowhole) 2)
 (focus)  (melon) 

 3) 
 4)  (echo) 

 5)  6) 

 (delay of the echo) 

 60  (acoustic communication) 

 14-25 

 4  4 
 (estrus) 

 (
)

 5.90  ( :  PinsDaddy, n.d.)
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 (intensity of sound)
 (amplitude) 

 (decibel, dB)
 (algorithm) 

 (hearing threshold) 
 10  10 

 (sound timbre)
 (overtones) 

 (pitch)  (tone)  (superimposed) 
 (pure tone) 

 (
) 

 (compressible) 
 1,500 ./

 340 ./
(hydrostatic pressure) 

 5.91 
: Encyclopædia Britannica, Inc., 2015)

 (ear; pinna)  (ear canal;
external auditory meatus)  (eardrum; tympanic membrane) 
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 (flap) 

 2  1) 
 2) 

 ( ) 

 (auditory cortex) 
 2 

 (firing pattern) 
 (spatially organized map)

 (eustachian (auditory) tube) 
 (pharynx) 

 2 

 (ossicles) 3 
(maleus)  (incus)  (stapes) 

 (oval window) 
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 3  (ossicular system) 
 1) 

 (  = )  2) 
3  2 

 20 

 (anuran) 
 (columella)  3 

 (> 70 
)  3 

 (labyrinth)  2 
(vestibular system) 

 (auditory system) 
 (bony labyrinth)  (membranous

labyrinth) 
(petrous temporal bone) 

 (perilymph)

 5.92 
:  Austin Community College District, 2008)
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(endolymph) 
 2 

 2  (basilar)  (Reissner’s)  3 
(scalae)  (scala vestibule) 
(scala tympani)  (scala media)

 (cochlear duct) 
 (basilar membrane) 

 (organ of Corti) 
 (tectorial membrane) 

(vestibular sensory organs) 
 (vestibulocochlear nerve) 

 (brain stem’s cochlear nuclei) 
 (spiral ganglion) 

 ( ) 

 8 ( ) 

 ( ) 
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 5.93  ( :  OpenStax, 2016)

 ( ) 

 8 

 (tonotopic organization) 

 8 
 (cochlear nuclei) 

 (superior olivary nucleus) 
 (inferior colliculus)  (medial geniculate

nucleus) 

 (central auditory neuron) 
 (auditory pathway) 

 (tonotopic representation) 
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 5.94  ( :  OpenStax, 2016)

 5.95  ( : Austin Community College District, 2008)

 (insect ears)
 (social

behavior)  (communication) 
 (prothoracic walking legs) 

(modified trachea) 
 (spiracle) 

(tympanum) 
2 
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 (conduction deafness) 
 8 (nerve deafness) 

 2 

 (chemoreception)

 (taste and smell)

 (gustation) 
 (olfaction) 

 (antennae) 

 ( ) 

 (pelagic birds) 
 (dimethylsulfide: DMS) 

 4 
 (white-chinned petrels) 

 (barnacles) 
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 (olfactory signal)  (pheromones) 
 5-20 

 (alarm reaction) 
 (orientation)  (swarming) 

 (food source tracking) 
 (bombykol) 

 1 
 1 

 (taste sensation)

 (gustatory)  (taste buds)  9,000 

 15,000  550  24 
 100,000 

 (gill arches) 

 50
 (taste pore) 

 (cuticle)  (sensilla) 

 (proboscis) 

 (host)
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 5.96  ( :  Austin Community College District, 2008)

 5.97  ( :  Masiga, Obiero, Macharia, Mireji  Christoffels, 2014)

 (tastant) 



186

 10 

 (cortical gustatory area)  (tongue
area) 

 (limbic system) 

 5.98  ( :  Austin Community College District, 2008)

 5  (primary tastes) 

 (taste map) 

 5 
 3 
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 5 

 (salt taste)
 (NaCl) 

(receptor depolarization) 
 (antidiuretic hormone, ADH)  (aldosterone) 

 (specific blocker)  (amiloride) 

 5.99  ( :  Austin Community College District, 2008)

 (sour taste)
 (citric acids)

 (sweet taste)

 (saccharine)  (aspartame) 

3 (IP3 pathway)  2
 (phosphorelation) 

 (depolarizing receptor potential)
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 (bitter taste)

 (alkaloids)  (caffeine)  (nicotine)  (strychnine) 
(morphine)  (poisonous substances) 

 (gustducin) 
 (bitter-signaling pathways) 

 2  (transducing)

 5.100  ( :  Austin Community College District, 2008)

 (umami)

(G-protein couple receptor)  2 
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 5.101 
:  Austin Community College District, 2008)

(olfactory receptors)

 (olfactory (smell) mucosa) 
 (nasal fossae)  3  (olfactory

receptors)  (supporting cells)  (basal cells) 
 (Bowman’s gland) 

 2 

 (afferent neuron)  (separate cell) 

 (
)
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 5.102  ( :  Tyson, 2012)

 (enlarged
knob) 

 (binding site)  (attaching odorants) 

 (olfactory mucosa) 
 (sniffing) 

 ( )

 5.103  ( :  Encyclopædia Britannica, Inc., 2015)

 (pit)  (saclike
structure)  (snout) 
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 5.104  ( :  Tyson, 2012)

 1) 

(sufficiently volatile) 

 2)  (sufficiently

soluble) 

 (alarm

substance)  (  (territorial

marking)) 

 (olfactory receptors)  5 
 10 

 1,000  2-5 
 5 

 ( ) 
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 (depolarizing receptor potential) 

 60  100 

 (notochord 
)

 5.105 
:  EUROPEAN MOLECULAR BIOLOGY ORGANIZATION, 2007)

 (olfactory mucosa) 

(olfactory bulb 
)  2 

 (glomeruli) 
2-3 

 (olfactory pathway) 
 (mitral cells) 

 (smell files) 
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 1 

 2  1) 
 (subcortical route) 

 (primary olfactory cortex)  2)  (thalamic –
cortical route)

 5.106 
:  Monell Chemical Senses Center, 2006)

 5.107 
:  Monell Chemical Senses Center, 2006)
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 20,000 

 ( ) 
(methyl mercaptan)  1 
50,000 

(reduced sensitivity)  (habituation) 

 ( ) 
 (odor-

eating enzymes) 

 (odorant-clearing enzyme) 
(liver detoxification enzymes)  2 

 1) 
 2) 

 (vomeronasal organ)

 (vomeronasal organ: VNO) 

 (vomer bone) 

 (sexual nose) 

 (flehmen position) 
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 5.108  ( :   GUWS Medical, 2015)

 5.109  ( :  Chuu  Nguyen, 2007)

 5.110 
 PATH International, Wikipedia, www.pinterest.com, Wikipedia, hunting-washington.com)

http://www.pinterest.com/
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 (7-dodecenyl acetate) 

 2-3  (androstenone)

 (lordosis (mating) position) 
 (releaser) 

 (good
chemistry)  (love at first sight)  (bad chemistry) 

 (getting bad vibes) 

 (thermoreception)

 (rattlesnake) 
(thermoreceptors)  3  (cold sensors)  (warmth
sensors)  (infrared sensors)

 (cold sensors)  (warmth sensors)
 2

 ( ) 
)  (

30-33o ) 
 (core temperature) (

) 
 (anticipatory feedback components) 

 (cold-gate ion channels) 
 (heat-gate ion channels) 

 3 1, 2  3 (TRPV1, -2
and -3) 3  (firing)  33o

1  42o
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2  52o

1 (CMR1) 
) 1 (ANKTM1)  8-28o 1

1 

(electroreceptors) 

 5.111  ( :  Chaudhuri, 2014)

 5.112  ( :  Clapham, 2003)

 (infrared sensors)
 (infrared thermoregulators) 

 2  1) 
 (pit vipers, Viperidae)  (rattle

snake)  2)  (pythons)  (boas) 

 (
) 

 ( ) 
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 10o  0.5 
 2 

 (binocular infrared vision) 

 5.113  ( :  Encyclopædia Britannica, Inc. 2015)

 (ectotherms) 

 (nociception: pain)

 5.114 :  Woodward, 2008)

 (nociceptors) 

 (motivated behavioral response)  (
)  (emotional reaction) 
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 (heightened pain perception) 

 3 
 1.  (mechanical nociceptors) 

 2.  (thermal nociceptors) 

 3.  (polymodal nociceptors) 

 (naked nerve ending) 

 2 

1
 (chili pepper receptor) 

(capsaicin) 

 52o 2

 (noxious stimuli) 

 (aspirin-like drugs)
 (analgesic drugs)

 5.115  ( :  Madsen, 2005)

 1  2 
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 (myelinated A-delta fibers)  30 
 (fast pain pathway) 

(unmyelinated C fibers)  12  (slow pain
pathway) 

 (disagreeable pain)
 (sharp twinge)  (pricking sensation) 

 (dull) 
(continuous dull pain) 

 (bradykinin) 

 (primary afferent pain fiber) 
 2 (second-order interneuron) 

 (substance P) 

 (ascending pain
pathway) 

 (reticular formation) 

 5.16 :  Like A Tree, 2014)
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 5.117 :  Zhuo, 2008)

 5.118 :  Like A Tree, 2014)

(noxious encounter) 
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 (major excitatory neurotransmitter) 
 2  2  1)

 (AMPA) 
 I

 2)  (NMDA) 

 2 
 (hyperexcitability) 

 (exaggerated sensitivity) 
 (light

pressure) 

 (built-in analgesic system)

 (cerebral aqueduct) 
 3 (third ventricle)  4 (forth ventricle) 

 2  (descending analgesic pathway) 

 5.119  ( :  RnCeus, n.d.)
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 (opiate receptor)
 (morphine) 

 (endogenous opiate
 morphine-like substance)  (endorphins)  (enkephalins) 

 (dynorphin)  (endogenous
opiate) 

 (pain signal) 

 5.120 
:  Anesthesiology - American Society of Anesthesiologists)
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 (endogenous opiate system) 

 (acupuncture)  (hypnosis) 
 (

)  (capsaicin) 

 (pain descriptors)
 -  (acute pain)
 -  (chronic pain)
 -  (burning pain)
 -  (constant pain)
 -  (cramps, cramping pain)
 -  (crushing pain)
 -  (cutting pain)
 -  (dull pain)
 -  (electrical pain)
 -  (gnawing pain)
 -  (intermittent pain)
 -  (numbing pain)
 -  (pins and needles sensation)
 -  (periodic pain)
 -  (pulsating pain)
 - 
(radiating pain, radicular pain)
 -  (sharp pain)
 -  (shifting pain)
 -  (shooting pain)
 -  (tingling sensation)
 -  (throbbing pain)
 -  (muscle spasm)
 -  (stabbing pain)
 -  (visceral pain)
 -  (sensitive feeling)

(electroreception and magnetoreception)

 (echolocation) 

 (navigation) 
 2  (electroreception)
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 (passive electroreception) 
 (extraneous electric fields) 

 (electrolocation)  (nonteleost
fishes)  (teleost fishes) 

 (ampullary electroreceptors) 

(direct current, DC field) 

 (elasmobranchs) 
 (ampullae of Lorenzini) 

 5.121  ( :  ReefQuest Centre for Shark Research)

 5. 122 
: Baker, Modrell,  Gillis, 2013)
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 (Scyliorinus spp.)  (Raja spp.) 
 (  2-3 ) 

 (glycolprotein complex) 

 (electrosensing) 
 (thermosensing)

 (platypus) 
 (star-nosed mole)

 5.123  ( :  Patel, 2007)

 5.124  ( )  ( ) 
:  Güth, Pinch, Samanta, Chaidez,  Unguez, 2016)
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 (active electroreception) 

 (electric organ) 

 (transepidermal current flow) 

 ( tuberous
electroreceptors) 

 (electrolocation) 
 (electro-communication)  (conspecifics) 

 (active electroreceptive fish) 

 5.125  Elliot, 2005)

 5.126  ( ) 
 ( ) ( : Constantinou, 2016)

 (Eigenmannia spp.)
 250-600  2 

 2 
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 5.127  ( )  ( )
 Krahe, n.d.)

 (transepidermal voltage) 

 (  5-7
) 

 (electric organs)

 (waferlike cells) 
(electrocytes) 

 (gelatinous insulating material) 

 5.128 
: Tanaka, Funano, Nishizawa, Kamamichi, Nishinaka,  Kitamori, 2016)

 (
 +80 

 2  ( ) 
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 (  150 ) 

 (firing) 

 5.129 
 ( :  Hill, Wyse  Anderson, 2016)

 (Electrophorus electricus) 

 5.130  ( :  Hill, Wyse  Anderson, 2016)
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 (magnetic field)

 (electrosensory maps) 

 (orientation) 
 (equator)  (migratory birds) 

(magnetic materials)  (magnetite crystal; Fe3O4)

 (magnetic crystals) 
 (magnetosome)  (magnetoreceptors) 

 1  50 

 (photosensitive molecules) 

 (fire off)  (polarized) 
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1.
 A. adequate stimulus    B. Chemoreceptors
 C. cranial nerve     D. Electroreceptors
 E. generator receptor     F. Magnetoreceptors
 G. Mechanically gated channels   H. Mechanoreceptors
 I. movement and position   J. Nociceptors
 K. Photoreceptors    L. proprioception
 M. separate receptor    N. Special senses
 O. Somesthetic sensation    P. Thermoreceptor
 Q. Touch, tactile, pain warmth and cold  R. visceral afferent
 S. Voltage-gated ion channels
 1.  1) 

 ___  ____ 2) 
 ____  3) 

 _____
 2.  1)  (General
somatosensory system)  ____, _____, ______, _____ 2) 

 (Special sensory system)  ____
 3.  ______
 4.  1) ____

 2)____  3) _____  4) _______

 5.  1)  2) _____
____

2. 
 A. appendicitis     B. capsaicin
 C. cone cells      D. delayed pain
 E. electroreception    F. eustachian tube
 G. gall stone pain     H. headache
 I. magnetoreception     J. Markel corpuscle
 K. mechanical nociceptor    L. Meissner corpuscle
 M. olfactory system    N. pacinian corpuscle
 O. rod cells     P. round cells
 Q. ruffini ending     R. special pain
 S. somatosensory system    T. vestibular apparatus
  _____1. 
  _____2. 
  _____3. 
  _____4. 
  _____5.  
  _____6. 
  _____7. 
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