Excretory system

The function of the excretory system to
remove wastes from the body. These wastes
include water, CO,, nitrogen, and salts



Ammonotelic animals
NH,

Most of the aquatic animals including protozoans,
crustaceans, platyhelminths, cnidarians, poriferans,
echinodermes, fishes, larvae/tadpoles of amphibians are
ammonotelic — extract ammonia.

- ammonia easily pass through the body surface
- it often does not require special excretion organs to remove it (it diffuses through e.g. gills)




Ureotelic animals
(NH,)C=0

A ureotelic organism excretes excess nitrogen as urea. Urea is
less toxic and needs less water in comparison to ammonia.

- Cartilage fish, terrestrial amphipods, mammals




URICOTELI animals
(CH;);N=0
The uricotelic organism excretes uric acid or its salts. In

contrast to ammonia and urea, uric acid is the least toxic and
the least soluble in water.

- reptiles, birds, terrestrial snails, insects,...




OVERVIEW

= Protists

- Body surface

- Contractile vacuole - (1 or more)
- osmoregulation + ammonia

|| Contractlle vacuole
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radial canals the vacuole contracts
to the vacuole
Full vacuole
*ada canals *

Radial canals take u mply yactols Contraction of the
water from the vacuole expels out
surrounding cutoplasm water from the cell

STEPS IN THE PROCESS OF OSMOREGULATION IN PARAMECIUM
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,real” excretion organs in multicellular animals

3 ,ways”:
* invagination of the surface into animals - PROTONEFRIDIUM
 unfolding of the mesodermal walls of the body towards the outside - METANEFRIDIUM

* unfolding of the intestine - Malpighian tubules

exceptions:




Phylum - PORIFERA (SPONGIA))

- No specila organs

Amoebocytes — when they are full — to the surface and

fall apart




Phylum cnidaria
-No special organs

- excrets in the gastrodermal cells and out of the body




>protonephridia (invagination)

»>flame cells or solenocytes are the excretory structures in Platyhelminthes/flatworms, Rotifers,

some annelids and Cephalochordate(Branchiostoma).
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METANEFRIDIUM

(unfolding of the mesodermal walls of the body towards the outside)
- Animals with bigger bodies (molluscs, annelids....)
Phylum moLLusca

 a pair of metanefridia — filter fluid from pericardial cavity
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METANEFRIDIUM

Annelida
- metanefridia, repetition from segment to segment
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- On the surface of blood vessels PODOCYTES - specialized epithelial cells that cover
the outer surfaces of capillaries — filter the blood — into coleom fluid — into

nephrostome



METANEFRIDIUM

phylum ARHTROPODA

« partially through gills or body surface Bladder

. L. . Labyrinth
e partially through organs similar to excretory organs in

annelids

e antennal glands (green glands) — open at basis of
Bladder

antennae (CRUSTACEANS)

nephridiopore
Tubule
End sac NN

Labyrinth

* Malpighian tubules
*Midgut-intestine (INSECTS; SPIDERS)

——Abdomen

Hindgut
Rectum

Vo,
Abdomen




Phylum Echinodermata

- No special organs — ambulacral system

Livingstone, © BIODIDAC



phylum CHORDATA - subphylum Vertebrata

1. Blood vessels (glomus) close to nephrostomes — collection tubes = pronephric tubules
— pronephric duct = PRONEPHROS :
v
2. Blood vessels (glomerulus) ,enter” nephrostome (= Bowman'’s capsule) — mesonephric
duct = MESONEPHTOS
v

3. System gets more and more complex and orgaised = METANEPHROS
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1. PRONEPHROS

cyclostomata, fish and amphibian larvae .

Meta- l
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-
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Nephric ridge -~
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Pronephric
tubules

Pronephric duct
(archinephric duct)

Cloaca

(a) Pronephros

- Next to pronephirc duct Miiller’s tube —in
females it servs as oviduct

Muller’s tube1

Slika 10.258. Shema pronefrosa, mezonefrosa i
metanefrosa kod kraljesnjaka i njihova povezanost sa
spolnim organima: I — pronefros, II — mezonefros,
II1 — metanefros; 1 — Miillerova cijev, 2 — Wolfo-
va cijev, 3 — mokraéovod, 4 — lijevak pronefrosa;5
— glomerulus, 6 — ledna aorta, 7 — jajnik, 8 — arte-
rija 1is,{)ennatica, 9 — sjemenici, 10 — sjemenovod, 11
— Malpigijevo tjelesce, 12 — lijevak mezonefrosa,
13 — bubreZna arterija, 14 — kloaka (Wurmbach)



2. MEZONEPHROS OR WOLFF’S CORPUSCLE

fish & amphibians; reptiles, birds & mammals during
embrional develop.

- glomeruls get into tube (= Bowman'’s capsule) and form
Malpighian body
- Mesonphric duct = Wolff's tube, in amphibinas both spermiduct gnd
uretra

I

— ] ————————
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~ Mesonephric duct

(archinephric duct) <——C§t\

(b} Mesonephros

Slika 10.258. Shema pronefrosa, mezonefrosa i
metanefrosa kod kraljesnjaka i njihova povezanost sa
spolnim organima: I — pronefros, II — mezonefros,
II1 — metanefros; 1 — Miillerova cijev, 2 — Wolfo-
va cijev, 3 — mokraéovod, 4 — lijevak pronefrosa;5
Slika 10.257. Malpigijevo tjcleice. Krv ulazi u e glomerulus, 6 — ledna aorta, 7 — jajnik, 8 — arte-
Bowmannovu &ahuricu kroz prili¢no diroku dovodnu rja 1is,{)ennatlca, 9 — sjemenici, 10 — sjemenovod, 11
arteriolu (arteriola afferens) prema kapilamoj s alpigijevo tjelegce’ 12 == lijevak mezonefrosa,

mreZici, odakle izlazi kroz dosta usku odvodnu arteri-

olu (arteriola efferens). Podocite su stanice s broinim 13 — bubreZna arterija, 14 — kloaka (WurmbaCh)

podocyté



3. METANEFROS
- reptiles, birds & mammals

- Numerous Malpighian bodies (=glomeruls + Bowman’s capsule)

- Together with metanefric tube - nephrons
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Slika 10.258. Shema pronefrosa, mezonefrosa i
metanefrosa kod kraljesnjaka i njihova povezanost sa
spolnim organima: I — pronefros, II — mezonefros,
II1 — metanefros; 1 — Miillerova cijev, 2 — Wolfo-
va cijev, 3 — mokraéovod, 4 — lijevak pronefrosa;5
— glomerulus, 6 — ledna aorta, 7 — jajnik, 8 — arte-
rija 1is,f)ennatica, 9 — sjemenici, 10 — sjemenovod, 11
— Malpigijevo tjelesce, 12 — lijevak mezonefrosa,
13 — bubreZna arterija, 14 — kloaka (Wurmbach)



3. METANEFROS

AfS artericle Glomerulus ,Glomerular  Distal

(from systemic
circulation) =

Eftlerent arleriole
(to systemic circulation)




FISH

- mesonephros (larvae have pronephros)
- dorsally
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e Amphibians

- Mesonefros (larvae have pronephros)

MALE

testis

urinary portion —<¢
of kidney

cloaca

> N //
e ki Sl

urinogential papila

seminiferous
tubule

FEMALE

IR

75

3 O

S mesonephros or

-2 ‘ opisthonephros

S ;a}g\ (Wolffian body) Q’( o

\ kidney ‘\

= \ (mesonehpros)
TSN 2
& " !

urinary papilla Wolffian duct
Wolffian duct

Mullerian duct cloaca Mullerian duct

Oviduct

— kidney

Bidder’s
canal

seminal

vesicle

Ureter

Cloaca
Cloacal aperture

Urinary
bladder



» Reptiles

- Metanephros (all amniota have it)
- Complitely separated from reproductive system
- Uricotelic

\ \ MERCIK MANUAL
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intestine

Basic Anatomy
of a Lizard
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i Lk - Metanephros
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REPRODUCTIVE SYSTEM

The tissues, glands, and organs involved in producing offspring




Omne vivum ex VIvVO

|. ASEXUAL REPRODUCTION
MITOTIC DIVISIONS NEW INDIVIDUALS (protists, numerous invertebrates)

1 parent — two or more descendants — identical as parent (clones)

(first type of reproduction)

Il. SEXUAL REPRODUTION
MEYOTIC DIVISION (GAMETOGENESIS) — germ cells (eggs and sperms)

2 parents — when nuclei are merged - zygote or fertilised egg
*1 parent — parthenogenesis

(wide spread, exist in all animal groups)

Louis Pasteur



|. ASEXUAL REPRODUCTION

Binary fission f&—@—-g%g

-Parent dissapears

Cytoplasm

Daughter



Multiple fission

- Many descendants, parent dissapears

- protists — amoeba, Haemosporida (e.g. Plasmodium malarie)....



Budding

- Parent survive Asexual Reproduction in Animals

Growth Bud develops Bud detaches
of bud mouth and from parent

tentacles and becomes
independent

Formation of coral colony via asexual budding



Il. SEXUAL REPRODUCTION

1. GONADS - organ that produces gametes; a testis or ovary.
(ovotestis both gamet types, e.g., some snails)

2. GONODUCTS - tubes leading from a gonad to the exterior, through which gametes pass
(oviduct — Muller’s tube; spermiduct — Wolf's tube)

3. ADDITIONAL ORGANS FOR COOPULATION, GLANDS....



GONOHORISTIS
= separate sexes

»sexual dimorphism
- primary sexual features
(difference in the reproductive organs)

- secondary sexual features
The rest that differs females and males

HERMAPHRODITES
= both female’s and male’s gonads

to avoid self insemination, gametes don’t ,ripe” at the same time
proterandry — first male’s gametes
protoginy— first female’s gametes

Slika 10.314. Dvospolni rasplodni sustav puZa vi-

nogradnjaka, Helix pomatia: 1 — dvospolna Zlijezda,
2 — dvospolna cijev, 3 — bjelandevinasta #lijezda, 4
— jajovod, 5 — sjemenovod, 6 — sjemeno spremiste
(receptaculum seminis), 7 — prstasti privjesci, § —
vreéica s ljubavnom strelicom, 9 — bié&, 10 — vas de-
ferens, 11 — misi¢ retraktor penisa, 12 — penis, 13
— vagina, 14 — spolno predvorje



Life cycle of Paramecium

mitosis of one
In micronucleus,

macronucle
disintegrate;
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Micronucleus

The original
macronucleus
disintegrates, and four
of the micronuclei
become macronuclei.

The micronucleus
undergoes three
rounds of mitosis,
producing eight
micronuclei.

The haploid
micronuclei fuse,
forming a diploid
micronucleus.

3

o 1 o \z o
Two different mating
8 types form a 2
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cell division produce haploid micronuclei,
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Each remaining
micronucleus divides
by mitosis.

The conjugate pair
swaps micronuclei.
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Spermatogenesis
testis .
Sertoli cell
epididymis
seminiferous
tubules

SEXUAL REPRODUCTION MULTICELLULAR ANIMALS

primordial
germ cell

‘ I spermatogonium @
| mitotic division \‘\ .l
T~ primary @

spermatocyte {

meiotic division |
secondary /\

spermatocyte —@ @

meiotic /\
division Il . . .
spermatids/ @ @ @
Yoy
mature sperm
lumen
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- Many males pack sperms into packages spermatophores (cephalopods, insects,
crustaceans, terrestrial snails, leaches...)

Spermatophores from Sepia officinalis

Spermatophores on female crayfish


../../../../My Documents/BUSTER/zoologija/zoologija movies/zoo 5/AranRep1.MOV
../../../../My Documents/BUSTER/zoologija/zoologija movies/zoo 5/emperor scorpion courtship.mov

Egg cells (ova)

- Bigger than sperms (food storage for embryo)

- Cytoplasm with nucleus + egg yolk

(= lipids, proteins....)

. Egg types (depend on the quantity and position of the egg yolk)

1. Telolecithal - refers to the uneven distribution of yolk in the cytoplasm of ova found in birds,

reptiles, fish, and monotremes. The yolk is concentrated at one pole of the egg separate from
the developing embryo.

2. Centrolecithal - describes the placement of the yolk in the centre of the cytoplasm of ova. Many
arthropod eggs are centrolecithal.

3. Isolecithal - refers to the even distribution of yolk in the cytoplasm of ova of mammals and other
vertebrates

4. Alecithal — no yolk (mammals with placenta)



FERTILISATION:

1. EXTERNAL- mainly in water, many germ cells, no
organs for copulation

2. INTERNAL - terrestrial taxa
- smaller number of germ cells
- organs for copulation exist




* parthenogenesis
> includs egg and not sperm

haploid parthenogenesis - haploid organisms (some wasps, ants...)
diploid parthenogenesis — diploid organisms (some insects, crustaceans...)

The process of sexual reproduction versus several forms of parthenogenesis

sexual reproduction haploid parthenogenesis

r meiosis \

oocyte spermatocyte

(immature (male
female egg cell)  sperm cell)

@\(@
(20

diploid
zygote

develops
into diploid
individual

meiosis

l

oocyte

()

l

()

haploid
zygote

develops
into haploid
individual

chromosome
replication

diploid parthenogenesis

meiosis mitosis
oocyte female
egg cell

I ° h N ©

() @ =@ other

\.,@‘/ oocyte @

diploid
diploid egg
zygote
develops develops
into diploid into diploid
individual individual
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Life cycle cnidarians OVErvIEW

Both sexual and asexual reproduction — metagenesis

sexual

medusa head
reproductive female GdlIS:

polyp

asexual

blastual



Phylum Platyhelminthes (Turbellaria, Trematoda, Cestoda)

metagenesis

+ ASEXUALLY (BINARY FISSION)

Turbellaria

* SEXUALLY

- Mainly hermaphrodistes

Internal fertilisation
Fertilised eggs with hard shell (protection)

vas deferens
seminal vesicle
oviduct

penis

d" gonopore
vitellaria (yolk glands)

copulatory bursa
(sperm storage)

muscular organ

@ gonopore



phylum NEMERTINA (NEMERTEA) (ribbon worms)

Along body, open on the surface, external fertilisation

A generalised monostiliferous haplonemertean, dorsal view

Caonag)

— anterior proboscis clephjl 2
~ anus stylet bulb region chamber abiniisn
of proboscis ;
lateral P anterolateral :;2:3::'
blood posterior proboscis diverticulum I
chamber —l of caecum oop

mid-dorsal lateral diverticulum J lateral J stomach J
blood vessel of intestine ere cerebral -
proboscis cord ganglia
retractor rhynchocoel cerebral —
muscle Sensory
organ

frontal organ —

after:Gibson, 1982



Phylum Nematoda

* sexual dimorphism !
« body filled with reproductive system !

« internal fertilisation

!
_. Ovary P
I
) I
. 3|~ —Uterus '
Ascaris - posterior end : — — - Testis
\fﬁﬂ‘il‘lﬂ —_— fas deferens
Male Female -
e _ —Vulva !
)
I
_| Semlnal
1T ! yaslcle
N
~ Uterus ,J
o rud
——Ovary [ m“:;' nround
| . =Ovlduct 2y

Female lays up to 200 000 eggs/day
- Eggs are well protected (up to 7
year in the soil)




Phylum MOLLUSCA

- some hermaphrodites (terrestrial, in freshwaters)
- fertilisation either in the mantle cavity or in the water

- from fertilised egg — larvae (trochophore, veliger, glochidia) - adult

veliger



http://pl.wikipedia.org/wiki/Plik:Haliotis_asinina_trochophore.jpg

Bivalvia

glochidia — freshwater larvae
* internal fertilisation

3) Glochidia metamorphose to
- juveniles, then drop off the fish
to become free living mussels

2) Eggs develop into
glochidia, which are released
by the female and attach to the gills
oransotn 1) Males release sperm, taken in by the

females to fertilize eggs internally
Livingston ¢ BIODIDAC Q(H /9{



Phylum ANNELIDA

- hermaphrodites
- external fertilisation

Male’s: 2 pairs of testes (1)
2 1 pair of spermiducts (4)
male gonopores (5)

Female’s: 1 pair of ovaries (6)
1 pair of oviducts (7)
female gonopores (8)
2 pairs of sperm storages (9)




Phylum ARHTROPODA

e gonohorist (mainly)

e.g.: Habronattus tarsalis
http://www.youtube.com/watch?\
BMjniVovzI8
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file:///H:/PREDAVANJA GORAN/zoo mov/tarsalis.mov
file:///D:/zoologija/zoologija movies/zoo 5/salticidae/tarsalis.mov
file:///D:/zoologija/zoologija movies/zoo 5/salticidae/tarsalis.mov
file:///D:/zoologija/zoologija movies/zoo 5/salticidae/tarsalis.mov
file:///D:/zoologija/zoologija movies/zoo 5/salticidae/tarsalis.mov

Phylum Echinodermata

e gonohorist

- external fertilisation

Central

Ampulla 700 (B g“’/
Tube feet / 2 = Livingstone, © BIODIDAC 9+

Copynight ©® Pearson Education, Inc., publishing as Benjamin Cummings



SuU bphylum: Tunicata (phylum Chordata)

sea squirts - Ascidiacea

7 0 100
(o 000 1970 10 e

ehermaphrodites

(g 0000 2000 503y 2

‘\' 000 0000 900y )
T )

eExternal fertilisation

ePossible also budding

©BIOEDNET

ovarium

testis

adult

v

larvae



SUu bphylum: Cephalochordata (phylum Chordata) 4,

e
Y e T

- gonohorists
- gonads along body

- external fertilisation

Gut Muscle

segments
Notochord

Neural tubr’a/_.a _

AT Gill slits
- Pharyngeal
\ basket



Subphylum Vertebrata

kiciney

anus

urinary duct
cloaca

cloacal depression

males

kidney

Wolffian duct

urogenital papilla sperm duct anus %/ urogenital papilla
CYCLOSTOME TELEOST ELASMOBRANCH
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kidney
kidney bladder
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Reptiles & birds

- Their reproduction is not connected to water!

P> eggs are deposited on the soil — embryo develops within egg that protects it well (shell +
membranes + fluid)

EXTRAEMBRYONIC MEMBRANES

A

h)
'

’

Amnion Allantois Yolk sac
(protection) (wastes, gas /
. . exchange) /
Only reptiles, birds and /

mammals - AMNIOTA

Embryo \

Amniotic__

Yolk
(nutrients)

amniotic
fluid

© 1000 Addison Wesley Longman, Inc.



placenta

mammals

This structure provides oxygen and nutrients to embryo and removes waste products from
embryo’s blood. The placenta attaches to the wall of uterus, and your embryo’s umbilical cord

arises from it.

- it develops when chorion and allantois merge with uterus wall

Copyright & The McGraw-Hill Companies, Inc. Permi:

ion required for reproduction or display.

Chorion
Umbilical
Embryo cord
Placenta
Yolk sac
Uterus

Amnion



» PLACENTALS — mammals with placenta

» APLACENTALS - no placenta (monotremes and marsupials)

marsupials placentals
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