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|. Protos - first Zoon —animal

A Difficult to classify because they have
characteristics of three kingdoms:
Plant, Animal, and Fungi

B.Now classified as their own kingdom
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Figure 11.16

Proposed mechanism for operation of contractile vacuoles. A, B, Vacuoles are composed
of a system of cisternae and tubules. Proton pumps in their membranes transport H*
and cotransport HCO,~ into the vacuoles. Water diffuses in passively to maintain an
osmotic pressure equal to that in the cytoplasm. When the vacuole fills C, its membrane
fuses with the cell’s surface membrane, expelling water, H*, and HCO,~. D, Protons and
bicarbonate ions are replaced readily by action of carbonic anhydrase on carbon dioxide
and water.
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Figure 11-23
Leff, enlarged section of a contractile vacuole (water expulsion vesicle) of Paramecium. Water is
apparently collected by endoplasmic reticulum, emptied into feeder canals and then into the vesicle.
The vesicle contracts to empty its contents to the outside, thus serving as an osmoregulatory
orgaREh RBHE Phamecium, showing cytopharynx, food vacuoles, and nuclei.
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“ Dr. Shahram Hesami

S b 5l Rds °
03¢ wib> Aw Jold swac o&iws ©

Protandric ®

@)bsb U)LOJ O

Ol U a8

gy QY aw

(Wbl pSiw) aulo Voo shls ©

Tentacle ,w Sy, 01l; wa> 9>

Mentle au> (sJolw Guivgy ©

Shell LS\S.DT Cwg) lJ Glo °

Sl > 08> )5 g)%0

JolS ouilsS piiens

9l 33 Sslagi g 8> pb @ S5 0ac Shls ©

U g giinl 9 gt By 5l s

Radula Sildgw shyls ©

5L v S

Haemocyanin lwgi (silw, US| ©
79

digestive  aorta

gland gonad peticardium

wentricle

shell plate

intesting
nephridium

pedal nerve cord
Dr. Shahram Hesami

Amphineura & _swac 95 05, -)

Shls «s8yb 95 U)lai g JSUs U 9 W) Sz ,w 9 0aiS 9 SuL L ©

G UL b Sl aslhd woid WVas °
adsl UL ) ©

Sl

L_J.)) PR L_S)JT C

40



5/14/2016

Monoplacophora & (5930 S5 0, -Y

Anterior lip

DORSAL
o Mouth

WElum

Post oral
tentacles

Manitle
Foot
Pallial groowved
Ctenidia
Anus
Shell

Scaphopoda wllgl o5,-Y
oblg,l ©
@iz ol S| s st 2906 °

oSl Gaigy b aily - S vy
Lo B)b o> ¢

kSJ' L&g_w tSl )l) -
Gorad . - ~ = ] =
e Digestive SA0LC lJ YN ps ksLBJl > JS Ll q_kulp U9)>
IMetanephridium —-s glands
! "
AlLS ‘ R
shell == ; Mouth
ante Captacula
hantle
cavity
: - _ i Dr. Shahram Hesami o

41



5/14/2016

Bivalves Lyl asS 95 L Pelecypoda ulLl,w 05, -Y

ad,b 9> U,la; ©

B0 95 Ug)> g Bybgs 5l 05,umid v ©
SHild @i 9 Sildgaw 2818

Sl 9 poiiax 9 )w U9

83

Dr. Shahram Hesami

mucous gland

’ —- ) lung
S /
.

Gastropoda wLl pSow 03, -0

QS)b 9> U)LQJ =
=i Oo 8L L aid, Jd=i g oslw b gu,lo Gao slls ©
< i \ngl) tSl)l) b

Dr. Shahram Hesami

42



5/14/2016

Sy £95 9> °

Sudp U g0 9 0l UL UL S (685,95 aw yl=s Uiv,lgS alg) :Flexion ©
aisl, ol ulas

ww el g adl Jeul us,S iy @ ol wlgixo 9 Jile 0,8> :Torsion ®
g 5w U sl ol 55 slwlis 9 (29 S glhgw (gro aS d9b

=
=)
£
E

Digestive gland ntestine
L

—

) ..'I Anus
o

\ T Mantle
e q cavity

|\ = Foot
\/

Tentacle

Cerebral
ganglion

Vas deferens
Mantle cavity Oviduct

- /now anterior
- ‘\_
-4

)
—

— = Mucous glands Anus Genital pore | Salivary duct
A Dr. Shahrabh Hesami C i Pedal gapglion

i I) q °

Jiuiul Sbls «sulys :Prosobranches ®

uaiul slls «sul,> :Opisthobranches ®

s Shs (i Ol 9 (sSains ,> Plumones ®

Dr. Shahram Hesami i

43



5/14/2016

:aiwly ;5 9> Plumones ®

Aoud (swbe Lbe> So) W puinsy aS Sl wa> 9> (Stylommatophores ©
Aiiowd Hlgs 0l 9 AS (s (sSU5 (sSuis > (D wgils 9 b S
R GO b P

Dr. Shahram Hesami 87

Cephalopoda WL ,uw 0>, -#

b Jug Wbl s (dadeSwl
Mantle 03 i JolSio
—— i ws;0L58

S)30 pain> 9w
.U)l) ys)l)

»w Sg) 95U coawd a4 Jaw bl

88

44



5/14/2016

Aplacophora & Wao (v 0, -V

lf!)b &LQSI )b <
L’ 9 AL=> :k.9.\.-0 _\9[9 <
© 2003 MBARI \SJLQSM kSlJlb b
Arthropoda Ll asLa
alwdw w5 asba 0,8, vblaw asbe ©

wolod )le w5l G 9 ol Sgil>
.b).aSQ\.o)J PR |) O q.A.>‘l.A_uJ LSL&CUSS

"IDrShahfamHesami

45



5/14/2016

GEOLOGIC TIME SCALE
Em Pkl
Creteceons
Tosomain
Jumszic

Millions of vears ago
o today

65 —end of dinosaurs

213 first di

360 First reptiles
First amphibians

First land plants
so5 First fishes

590 First Arthropod

fA" 700  First invertebrates

TV

710 8 8

4,600

antenna—_
eve .

o
7

Dr. Shahram Hesami

birds

4

mouth

a%\ oral papilla
1

2

0l o el (uyolS 0,95 5> WL ol
ol ai8,3 Linio Sgal> sSla 0, 51 wblaw
Sgél> Sld p,S a4y Onychophora walow

<o) o
patella— £
Mening 04
metatarsus f

2

Cephalothorax
(head and thorax)

fang
/
@ ﬂ—cheﬂ(e:a
L endite
labium
A stemum

Dr. Shahram Hesami

91

:Trilobita b wuwgly asla 45

Caond Lw UL Jwand cadgl il oblas, ©

Job

:Chelicerata Ul)l> o dS asla 55

(UL RV A J.UJ ;LQJ).Q_C (o q.AS~‘La.J9.AS.A.C

PSAD 9 Do) ) (S 95 U S Jol

:Mandibulata ul,ls o,lg,l asLi,;

Ol 9 VLIS 9 Llhlas s Sy

92

46



5/14/2016

Sy asl> g o awuyy
qS)b 9> UJLQ.I O
wulbg, aVaw ®
oS Sol> sl wdSiwl slhls ©
swac Sl 018 9 (souwd aw 320 Shls ©
Ll g ssulgicis el (S0 g 03l BB pui ((saw> Sldgo ‘U.ui Jolss (s> sl ol ©
(Jweod) widgod b ugs 5l 03uinyy swgoc 00> Shls ©
saow 33 b sSdlo sl alg) lawgi gas  ©
JolS G,leS ag)
5L ugs s )S ¢
s gl g o> b ju= °
. 535 /S.. N °
Sl obls il =) °
S sSais ulls awlys -y ©
Dr. Shahram Hesami 93
cuticle JgSigS b o)l wdsowl ®
o o . s °
Tergite b tergum 53,5 pU @ (i ashd &, ©
Pleurite L pleuron ug,ely pU @4 (swil> aghd g5 ¢
Sternite |, sternum g iwl oU @ (soSi aeld S, ©
*The terms “tergum,” “sternum,” and “pleuran” are
often used Interchangeably with “ergite.” “steenite” Heart
md ke’ el oy e g Lot
e e ot s s ey Teree g Dorsoventral muscle
and “sternite” (pl., sternites) mlhespeclﬂi skeleial N A Sy O
plates, or sclerites. lhxlm"b":\:fsd "
Exoskeleton
(cuticle)
Intrinsic
limb muscles
Pleuron  Sternite Ventral Longitudinal muscle
nerve cord
Dr. Shahram Hesami \E 94

47



5/14/2016

ecdysis L molting (s lul cou sy

Epicuticle-

Exocuticle - i /" \ U|)9JL>' L)Jl J._MJ) lSl)J \_S\.IS_A.A.LO t_5\>)l.>' LA.lS.qu S
——Endocuticle——— Molting fluid

) lv‘ﬁl‘gillgﬁi New epicuticle S m——
ﬁﬁ ~— Epidermis ﬁlﬁlg‘ﬂlﬂﬂ'lﬂﬁﬁg
A B

dSowl sl o,9 Sslaul Caowgy U Lol aui, ©
Cowl o0
. Loy 5 S 5o sl ®

Molting fluid—=
. e e o )

New epicuticle

instar Ul)e> = W S;lul Cowgy G Jolgd ©

e TIFTEOMRRIPIFR o oxoeuiee_
c D B . — e )
Ugmasl v S i Slaol
Figure 16-5: Molting in an arthropod. A, Intermolt. B, Early 9)’ S'DJSIB d 5 o
proecdysis. C, New procuticle. D, Late proecdysis. eCdyson

Dr. Shahram Hesami

VLlLau ugs ywd)S puciasw
0505 5l veS JwnsS piisw ©
~ S, L (Sodgod) 15lod Vless! wblaw s ©
::\“\l‘ r\:'i\ Pulsatile organ LSS-QL> LSL& p)S M L}JP
L\ ] >

C
Dorsal
dia][;b:rngm \ \
Heart \: ) B &

A°r1“/KAnanna1 L abho=o aix b o wjgas OLLaw 5> 8 ©

T Y \h‘- /

A Y A e 8 Jlos @ aS bl (s Sl asuslo oylgs
é& s __;-]_Lere!irat ol I w)i I o
== o ’\‘%_.__ ganglion ) ) )9

i — L

/N ) \.\\ pb a4 daio wa> S akhaxo Sy, 0 ¢
fentra % Wi - - .
;mpthn:gm G Septa ™ -)9—“} S\O OJJ) OStlum pwsl

Dr. Shahram Hesami 96

48



5/14/2016

obbau Gu,leS ag)

foregut (sugl> 039, ©

"Stomach” Digestive ww0,59:8 | Liso ©

Cecum

Intesti .
Esophagus rpene oS 5l eaigy ©
Mouth __,/"__T- Rectum wulie slgo 0,435 g US)S 5)5 &l Joc ®
( - /_L midgut (ol 039, ©
—— s A g\ops.xii sloo ©
Jl I - Anus S a8l e
{ectodermal; (entodermal) H'"dgut wulie oslo Li> g9 Gw)lsS (b pupl adei J=o
stomodeal) (ectodermal; . . °
proctodeal) hindgut (susc 059,
50,5955 | Laco ©
xS 5l oapigy
w9 dlgo JLSLiv 9 ul Li> J=o
Dr. Shahram Hesami 97

1 ULl swas phicauaw
Tritocerebrum , Devtocerebrum , protocerebrum Jwolw wawl (sviowsd auw j20

9« Gl 05,5 law S JolSi US 0 v S S a5l @ Guaw VLLAL 20
.Wl&MMM,lyw&mm ol Sy S ublei Syl
cSLa ©y90 q.a whu S plul sl Ubb.\u ullaw o o> S plal
G| 02 JuSiini ) Lw puin> Solasi ,IJ aap .\.:w@ o;LwaDuSro

9F0H MJSHJJ)Q)J.G\T" ub.wyumu,bo; Slpowinx dlasi J
sl DAE Yoo oo D Swgaw )d 9 TAe oo SOliuw )

S 0D l.pi Ul S9) MW 90 WU)H90 UV as diiawd g}\S.HlS.b [ F-) O.\J)._QS l.Sl)lb UL!L!.LU
. D9

0205 Wil 1w S5 30 ( 29iumw90S ) wsvlowis S ol fa.\.a,la Jslei pluil UL
PoIn g,yu,wquWleuSLao»»Scs AgS DRy 9 S9ul S0

9 Wlwin> .\.ulo plal sl Ubb.\u i oy, Al o awl
yS‘i\: Tt P A TR P T s

/ Protocerebrum
S
/

First antennary |
nerve

e )
Second antennary - Retinular cell
nerve — Rhabdome

Nerve fibers
to optic nerve 98

Dr. Shahram Hesami

49



5/14/2016

Mandibulata
Biramia mem)  Crustacea (o Siz)s) Oliwgy woew 03,
Chilopoda wlLl 2o 0,
Uniramia Myriapoda ubLl 58 o>,

Hexapoda (Insecta) (wlwin>) Obl Giwb 05,

Dr. Shahram Hesami

99

Crustacea (ld Kix,3) vlbowes Casw 03,

oiadls 35Lweswo juloso 1505 Vbl plod 5l ) Ulwgiazaw aS Slaaxiiw wbs
Jouwile 295 Sy 9 Sl wa> 9> unwls 5 ogMe Lcwl Sl wa> 9

azhd ;8 Sy asligs pilod 295 Sy 5 9 »w Soy 3 WisSlo 295 95 Lliwgsiw
0l v

(,oS.w‘CL;M.u )..uu) LSOk 9> lJ (,oS_.w'CLM-).w) M.\S Lw UL
£95 Ll 55,5 greengland sew >a¢ bowgi 9>

Dr. Shahram Hesami

50



5/14/2016

Cephalothorax (13 segments) Abdomen (6 segments)
| 1
[ S— I I

Ey; o /Carapace

i E - e
Antennule ———_3@>

Antenna =

\ - =
Mandible /g/ gy
Maxillae

Maxillipeds /
o Cephalothorax ’ " Abdomen’ ) . X
! Cheliped (first leg) — O

Telson|

Antenna Antennule  |Rostrum  Brain Heart Pericardium
(supraesophageal Claw
ganglion) Ostium | Testis  Intestine
o ‘ ) Uropod
N Walking legs
N Uropod
SN A
NN /
1
\ B
\ \§— Telsor:
\
1 “ ‘YA
Antennal gland Mouth Subesophageal Digestive Ganglion Vas Copulatory Swimmeret Anus
ganglion o gltam Hesami deferens swimmeret 101

culnd Ui (090 SgSuo (WL iuiul iBranchiopoda o3, 5 ©

Ugoi (pubii ap> diile Sy Sl aiw Sl (pwlblS Slhls 09,8 Gy olawl ©
JR— Artemia spp. bwod;)| 9,20

COMPOUND
EYE

MOUTH

THORACIC
~———— (SWIMMING]
Lmes

BN

Hls Baws slagSuo (Ostracoda 05, 5 ©

JUTYR Vg

A Ostracod

51



5/14/2016

I Wbl :Copepoda o3, 55 ©
o Shls pSli sl algiwl UL S O Buow DS o lbo puin JSLis pd
Ao S)lgr S p,S Jawlyg UL (s3>0 9 B dlo vyl s> cosulpil ol
Cyclops B9 20 AigoJ

[-200 pm--|

wbl Saw, :Cirripedia 0>, yj ©
il o B Jlg v L b oS ) | Sy=io 9,V 9 oSLw &L jeil> ©
IV = S JSI G ssslsl @
: > Jst,L ©

103

wsul SS :Cladocera o3, 5 ®

Daphnia ppo Qgos «d sdlo ppo SIAE 03,uisS HlEio Wygo U yw (i Slpal > ©

Brood pouch

Median compound eye itk embryos

Cladocera - water flea

2nd Antenna

e Jle sld S5 Malacostraca o5, 5 ©

r_ﬁgpg:mmx_n_smm:s oS shls b 28 (pSi Jnso £ (Auw Juso A w Juoso ¥ O°
pSow Slpwsl 5> Ugwds 015l b ShIs iy o> S, °

Carapace

Dr. Shahram Hesami 104

Walking legs

52



5/14/2016

(gl Sad i ul Sz sy Sis,s «sil tDecapoda Wbl o> awl, ©
950

B S 15 S5 Suis b syl tlsopoda wll,e> awl, ®

o9, (L)> Sao 9 ,i> (gblio ;> :Amphipoda WLl ,e=>U awl, ©

7

Figure 19-1: Crustacea. Tagmata of a shrimp

as an ofa

h Dr. Shahram Hesami

:Chilopoda ublas oy, ®

Il 2 31 3 95 5> @ | ca> S Jaso o (centipeds ullao glgil ©
5l i (i VY 9 ol Sl aw WY U0 v coswoaw B> a4 o
Ol o 9 d o, (wlin>

:Diplopoda ubl,l;s o5, ©

9 L > S shls aiow Slaas (i )+ +-Y0 shyls imilipeds oLl Ha ©
olgS Sl (L we> 9> aw A

Firstsegment  Second segment

Maxilliped with
venom claw

B

g 7 . . - N & 1= n 1
Ao X - B g 7
3 2 é A
: 5 N L ol |
A % &
&L Dr. Shahram Hesami 106

53



5/14/2016

Dr. Shahram Hesami

Millipede- External Anatomy

Most body segments
have 2 pairs of legs

Centipede- External Anatomy

¢ rr,

Most body segments
have 1 pair of legs

107

Abdomen oS i

Dr. Shahram Hesami

Hexapoda ubl, Jiuwd 0>,
Insecta wl,iu>

-Thorax digw ywed — Head ow paziao Cwoawd ¥ Shhls vy
mandiblesVU o,lg,l wa> S,

maxillae Gub o)lg)l wa> S °
Sl Ay antis picmaw

108

54



5/14/2016

Antenna

Compound eye

4 Labrum

Mandible
5 Molar
- Incisor

Labium
A

Head Thorax
Aoy el e

Pronotum

Forewing

Foreleg Middle leg

Dr. Shahram Hesami

Commissural
tracheae

Ventral
trachea

Dorsal
trachea

109

Dr. Shahram Hesami

(Metamorphosis) allxsow! b (s> ,S>

opin> b piw al> o 5l a2y Wlins (ol b ey JSi s alizeo J>lho ©

Jols

foaas>,S> alizo £95 9> ©

Nymph U 0,5 oU @ sl395 (Heterometabolous) osLw (swuw>,S> ©

Larva g,V ob @y sl595 (Holometabolous) JolS (seuys,Ss ©

55



5/14/2016

soad,S> glgil

(Heterometabolous) oslw (suuw>,S> -l ®
Ametabolous (saws,S> g Wi ©
Hemimetabolous (a8l (scuw>,S> ©
Pourometabolous (s, csauns,S> ©

(Holometabolous) JolS (scuus,Ss -0 ®

Dr. Shahram Hesami

Ametabolous  sawu>,3> Vg Wl -)

0— iﬁ—»%—»% -

Juveniles

Adult

Egg

Dr. Shahram Hesami

56



5/14/2016

Hemimetabolous ,adl (seuw>,S> -Y

.......

777

ST 5
20 LU TS fdl

Dr. Shahram Hesami 113

Pourometabolous (s, Csaws>,S> =Y

-----
nnnnn

Dr. Shahram Hesami 114

57



5/14/2016

Prothorax
Mesothorax

Terminal larva Pupa

development of a beetle (Coleoptera).

“ Dr. Shahram Hesami

Figure 21-14: Development: Stages in the holometabolous

adult stage

Prothorax pupal
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Imaao
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larval stage
(one of several instars shown)
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Figure 18-18: Araneae. Dorsal (A) and ventral (B)
views of a spider, showing the external structure.
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Figure 18-45:
Pyconogonida. A male sea
spider, Nymphon rubrum.

146

Dr. Shahi H i
it 2T © Ganasian Museum of Natre

73



5/14/2016

Merostomata o>,

2ilo Lyic BB Sz (uwl o Sld Sis s ©
s u.u_uui shls ﬂS)'.J =
L_$\J~9J. uuL!l)LS tSl)l) C
(oS 9 Wi yuw) Csiowd 9> UL ©
Hinge Simple eye
Opisthosoma
(abdomen)
Compound eye
Telson
Carapace
Echinodermata (Uliwgy,5>) Vi, asLu
by oSlw ©
welew Uyl b @l ,9il> 9 ad)bb o5 U)las Lg)V ©
Ao 15 55 oSl Ol 5l JStito (slsls clS ol @
Pedicellare Uy Sy, lgodl g 01 Sla,l> ¢
Water Vascular system S =esvl pocamtan Olwgy; > (5359 Guyisloso ©
JI 9§ ™Y

Sgicswod 08 lie Uhgils il 5> (8295 pliul UgSaud
bl ol glad 9 0vgs la> %085 5l i
slgo Jlail 5> pglw gilo Liuss

Dr. Shahram Hesami

148

74



5/14/2016

Central disc

Ambulacral
ridge
/

23-2
hnatomy of asteroid. A, Aboral view. B, Oral view.

~ Ampullae
Ring canal

Dr. Shahram Hesami

Holothuroidea (sul)> Sla,L> o>,

448 o, b P e o reprion <o iy

Aquapharyngeal buly

= sl algiwl O
Polian vesicie
Mgt Gonad . p . N .
—— U Bybos )3 2y%0 9 Olas
Dorsal hernal hamal sinus B

e Cewsl 35 veSwg,Sue Sl wixes ©

Tube leat

Transverse

Longitudinal muscia sinus
2 vl bl e aul sla alg ©
UldD
Body wall i
Rospiratory treo e
muscles
Clomca
Anus
150

75



5/14/2016

Echinoidea LMS_i,l5 o»,

adono by 59,8 3,85 vy ¢
9 Cowl Blbeil LB e g 0593 Jug> (s> wdSiwl . aisowus 95L 281 ©
g 2o Lol 5l Syxio syl g sladg) slaly as 5 ls sulpslew

anus

madreporite

stone canal

tentacle
tooth of Aristotle's lantern

“ Dr. Shahram Hesami

Crinoidea uLLw alV oy,

by S owgw (sl sl aJV ©

Caowl 2o Ulzd L ®

Sz vl @ b sl

aly aslio ;> hsd (sdls wdSwl

daud wesiuo ol 9 wowl (siiwgy ulas Wb °

0,15 1ie 05,8 slalg) slal,

152

76



5/14/2016

Stelleroidea VMS_& o,lw 05,

(95U 0 Vgo=0) (scleui Ulg;L 9 S35 0 axen Sy Shls U

Vg (s>l wdSowl wlxas Ulo 5l 9 diwd oS ,> alowg Slalg) slal
Aigliswo

Ocellus L Sl )5 WS 0 puin>

panyi A8 Shls

77



