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Passos basicos:

1. Movimentos respiratdrios

2. Difusdo sobre epitélio respiratorio
3. Transporte de gases no sangue

4. Difusdo sobre parede capilar

L

ARRRER

Tecidosgckert” 2000

Mecanismos de Ventilacdo

Difusdo em animais pequenos e esféricos (& <1lmm)

Porifera:

Efeito de Bernoulli

Freestream

Withers, 1995




Modelos generalizados de troca gasosa:

« Animais usando superficie do corpo Skin surface

* animais peq./muitos anfibios

« reservatdrio infinito de ar/agua

[
i Blood capillaries

Withers 1995

Figura 9.5 Ra do Lago Titicaca (Telmatobius culeus). Estas
ras, que vivem em um lago em alta atitude no Peru, usam a
pele para trocas gasosas. A superficie da pele extremamente
enrugada aumenta a drea de superficie respiratoria. yoves, schuitz, 2010
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—— Epithelium

— Capillary

FIGURE 12-22 The male hairy frog Astylosternus has
numerous thin, hair-like tufts of vascular tissue along
the flanks and legs.  (From Noble 1925.)

i ———— Withers, 1995

Modelos generalizados de troca gasosa:

Animais usando superficie do corpo Skin surface

animais peq./muitos anfibios
reservatorio infinito de ar/agua

p0,

W

ize [ \
m— i Blood capillaries
v/ \ a

s

Withers 1995}




19/05/2020

F'ABLE 13-3
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Modelos generalizados de troca gasosa:

Partitioning of pulmonary. branchial, and cutaneous « Branquias Secondary lamellae
gas exchange in a salamander (Necturus: :
y ; R - (Necturus; mean body » fluxo contra-corrente
mass = 150 ¢} at an ambient temperature of 25° C.
(Data from Cuin ted Hutchison 1972.)
S & Blood
VO, vVCO, capillaries
= Ventilatory water flow
Pulmonary 10% 12%
Branchial 607 61%
Cutaneous 30% 27%
Total' 26.1 237
"Units are pl O, g "hr .
Withers, 1995 Withers 1995
Aagnatha (ciclostomados): bolsas branquiais
Mouth
A H . Mouth {43
Branquias:
o Spiracie
= Bolsas branquiais L Hemibranch o Aberturas branquiais
: External pore N ~ 2 Molobranch \
= Branquias septadas N g NY/am s ; 22
Gill pouch -2 N // S\ ‘E,‘,‘e"{,ﬂ,""' T
= Branquias operculares N ZA ([P} -interoranchial Boca (cam dantes de preensao)
tum

= Branquias externas

(a) Pouched gills of a lamprey (b) Septal gills of a shark

W Mouth Mouth
"\ Buccal cavity
 Branchial bar \ Branchial bar
LA —Rax) Pharynx ) External gill
72 N\ £
7 AN\ Gil filaments " S
¥ Operculum 17 o \\‘
\) W ( ‘\\
\\— Esophagus 4l |

(c) Opercular gills of a teleost  (d) External gills of a larval
salamand

er
Kardong, 2003

Fluxo Boca Faringe Bolsa branquial
de dgua ‘

Nio ingerindo

\ alimento

Fluxo de dgua

RALAAAA

§ L aaa e e
AR

st (D) Lampreia (vista lateral e corte longitudinall

Withers, 1995 Moyes, Schultz, 2010




Teleost

Afferent artery

Gill raker

Gill lamella
\Gill septum

Gill filament

Gill raker

Elsmobranch

Preudobeanch gill

(o Spiracte

Interbranchial
septum

\ Branchial arch
Ceratobranchial

cartilage

Afferent artery

Efferent artery Cx
Gill Wmella

Gilseprun Withers, 1995

e
L=
| Numerosas

'ﬁ localizados em cada lado do
filamento primario, formando

M o/localldas trocas gasosas.
A x v I

sao o local
principall para troca
gasosa na maioria
dos peixes

consistem
de arcos 0sseos ou
cartilaginosos gue
carregam pares de
filamentos primarios.
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100 um

Extensa irrigacao sanginea

Withers, 1995




Como um peixe consegue
remover 80 - 90% do O, da
agua?

1) Distancia curta de difusao nas
lamelas.

2) Grande &rea superficial nas
lamelas.

3) Fluxo contracorrente nas
lamelas.

4) Ventilagdo de grande quantidade
de qua.

r

19/05/2020

« 4 arcos branquias em cada lado do corpo.

« 2 fileiras de filamentos primarios em cada
arco (hemibranquia).

+ 100’s de filamentos per hemibranquia

1000’s de lamelas secundarias em cada

Vamos calcular:

filamento.

=> Area branquial é 10 até 60x maior do que area
superficial do corpo, dependendo da espécie!

=> potencial ENORME para extracéo de O, da

agua!

Kardong, 2003

“Eckert”,2000
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Elasmobranch Teleost
%&\o“‘ Lamellae Lamellae
e Y
~ Water
Septal "*.‘ SESET Flow
Channel\ ~ QO Water *
® Flow ¢
Filaments / 59 Filament Base
Shark Bony Fish
6% Gill Resistance

. Entrance Flow
[l Lamellar Flow
. Septal Channel Flow

Compensated by increased lamellar spacing - lesssurface area

‘Wegner, etal 2009

Modelos generalizados de troca gasosa:

Secondary lamellae

» Branquias

» fluxo contra-corrente

Blood
capillaries

Ventilatory water flow

Withers 1995

(@) Troca gasosa concorrente

)
\\mam ) )/

\ngur

[Comosangueemeo |
seguem a mesma dirego,

eles gradusimente

) Yroimans e o et |
# um com o utro.

Pressio parcial de Oy

Distancia ao longo da

superficie de troca

(®) Troca gasosa contracorrente

W Meio )
S=m=a=57

100f \’Emanumemw 1
o~ direcio oposta a0 melo e

S capts 0, sangue encontra
3 NN s o pressbo parcilde
3 Meio 0, cada vez mals clevads
Sl BN / Assim, um gradiente de
o pressio parcial que favorece
1 Sangue’ 2 dfusso de O, para o
i {onue e manien
< T
'~ >
Distincia ao longo da .
superficie de troca Hill etal.. 2012

Mogth

Annelida:

provide most of the respiratory surfac
matic representation of the gill shows et S vas, The diagram
Pl © the pattern of blood flow through the distal gill

(From Barnes 1987; Kozloff 1990: Joiwn and Towimand 1989.)

Withers, 1995
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Mollusca: e T’

| Ao
Digestive gland |

Nephridopore

Abfrontal clls
ol Afferent vessel

Fronal et
- Frintal srtoce

N Skeletal rod
Lifate N\ i

Efferent vessel

FIGURE 12-9 Generalized body plan of 4 primitive mollusk showing the location of the
posterior gills. The expanded view of a single bipectinate gill flament shows the cilia und
pattern of waler movement and position of the afferent and efferent blood vessels.  Frum
Barnes 1987.)

Withers, 1995

Crustacea:

15t abdom

Gill

Exopodite

Withers, 1995

e MDranquias séo projecdes
~ daparede do corpo
(epipddito), protegidos
em uma camara
“""branquial
ﬁ@ =forma das branquias
A4 7 variavel (ramificada,
A _)J filamentos, achatada)
' =Distancia de difusdo:
10-12 um (mas metade é

de quitina)

Decapoda: trés formas basicas de branquias:,
« “trichobranchiate” (filamentos) —
« “dendrobranchiate”

« “phyllobranchiate”

Branchis) chamber
/

Lateral carapace wall

Body wall ——

Stenam |
a

G Phyliobranchiste

& L)

FIGURE 12-13 (A) Cross-section through the
1o show the gill extending from the coxa of the
decapod erustaceans: (1) dendrobranchiate gills (brunched fla

arvanched flaments): i) phyllobranchiate gils (plate-ike flamenis)
it 1972.) )

® Dendomcine “SRG )

&ill chamber of 4 decapod crustacean (a crab)
limb uppeadage. (B) Types of gill fiaments in
mients): (i) trichobranchiate gifls

(From Bares 1987

N

it
Withers, 1995
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Modelos generalizados de troca gasosa: a s
g g Evolugdo independente da respiragdo aérea
e Reservatdrio circulado Alveolus Ventilation ]
x T < e - .
+ pulméo com fluxo bidirecional ﬂ o~ f m
pirambdia pirarucu jeju cascudos mugum
Osteoglpssidae ErythrinidaeLoricariidae Synbranchidae
Lepidosirenidae
Blood
caplllarles Characiformes Siluriformes
Ostariophysi
/ EUTELEOSTE+——— NEOTELEOSTE
TETRAPODA TELEOSTE!
Withers 1995 SARCOPTERYGII ACTINOPTERYGIH  (yiuniea from Graham, 1007

Evolucdo da respiragdo aérea em peixes

Respiracdo dqudtica superficial

Possiveis fatort m -
ossiveis fatores gue podem ter Tambagqui (Colossoma macropomum)

contribuido para a evolugéo de
pulmdes::

* Hipdxia sazonal

* Temperaturas elevas; agua
parada

* Deplecéo de O,

* Accimulode CO,

*Periodo sazonal ou persistente
de seca
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Evolucdo da respiracdo aérea em peixes

Respiracdo bucal
Enguia elétrica (Electrophorus electricus)

Evolugdo da respiragdo aérea em peixes

Respiracdo em cdmara branquial
Bagre africano (Clarius sp.)

Evolucdo da respiragdo aérea em peixes

Respiracdo em cdmara branquial
Bagre africano (Clarius sp.)

Evolucdo da respiragdo aérea em peixes

Estémago
Cascudo (Liposarcus anisitsi)

André Luiz da Cruz
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Orgaos de respiracido aérea

= T "T—"hi a

eI

Bexiga de gas
-
Lepisosteus

o - S
’ 7

e gas..

T 4
Tl

Unicameral (single-chambered) lung

Lacerta

Saccuar  Respiratory
region region

10
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Transitional (paucicameral) lung

Hilus Iguana

Prehilar Pasthilar lung
lung Niche Chamber Lobe

7\

gExtrapulmonnry) bronchus
Perry 1908

Chamaeleo

Varanoidea

Varanidae

Duncker1978

Testudines

Duncker1978

11
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Primary
bronchus

thoracic
sac

Abdominal
sac

Anterior thoracic
sac

Duncker1978 Kardong 2012

Mammalia

Air sac

N

Duncker1978 i Duncker1978 / /

12
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C» s N

Perry & Sander 20

(7 Amniota
3

)

Sauropsida

S

Perry & Sander 2004

Desenvolvimento embrionario do pulmio em
Paroedurapicta (Gekkota)

Paroedura picta - branching phase

Paroedura picta - expansion phase

66 &

2mi

(5]

500 um 1 mm

Estagio multicameral

Lambertzetal. 2015

[Tetrapoda

[Amniota

[Diapsida
Archosauria

[Cepidosaurial

By e YRR L

adult:
: \ ( embryonic: >
o
miniaturization
cnmplele terrestrialization

Lambertzetal. 2015

13
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Modelos generalizados de troca gasosa:
Alveolus Ventilation

« Reservatorio circulado
« pulmao com fluxo bidirecional ﬁ

Troca gasosa bidirecional

10 60

Pressdo parcial de
O, no ambiente

Inalagio  Exalacdo

Meio fresco misturado
ao meio viciado no
pulmao, assim a pressao
parcial do meio nas
superficies de trocas
com o sangue esta

— Parede do pulméo

CaBli(I)l(;:‘JieS abaixo daquela do
P ambiente. ..a pressio parcial de
0, no sangue que sai
00, difunde-se para do pulméo permanece
osaingue que flui ao mais bgixa doquea
longo da superficie do meio exalado.
ON de trocas. A pressio
2 parcial de O, no

sangue aumenta,
em direcao aquela
do pulmao, mas...

Withers 1995 Hill etal., 2012

Gastropoda: Crustacea — Respiracdo &erea
Floor of
mantle Shell R N ,
Pulmonata cavity « trés grupos que invadirama terra firma:
Mantle cavity « Amphipoda
« Decapoda
Heart
« Isopoda
«Decapoda:

Hemocoele %5

v
Pn:‘umnx[ow

Withers, 1995

« muitos decépodes afogam quando submersos

« lamela das branquias colapsa quando sai d’agua

-> reforgado e/ou reduzido

« parede da cadmara branquial para troca gasosa (pulmé&o)
« escafognatito para ventilagéo

14
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Epbraschal
meebeanc

Y/
18 %
8/
e branchia chamber of  oldce crab showing the

epibranchial membranc of the branchial
of the latter “lung” structures.  (From Fasrelly and Greem

it

FIGURE 13-21 Vet
reduced gills and vascu
chamber and the main vasculaty

Withers, 1995

Modelos generalizados de troca gasosa:

» Pulméo dos Aves
« fluxo cruzado
+ fluxo unidirecional

Parabronchus

Blood
capillaires

Ventilatory air flow

Withers 1995

M

odelos generalizados de troca gasosa:

rg. 13.32

Pulmé&o dos Aves
« fluxo cruzado sangue/ar

« fluxo unidirecional de ar nos parabrénquios

“Eckert” 2000

15
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« Fluxo unidirecional nos parabronquios
« 2 ciclos de inspiragdo e expiragdo para movimentar ar através do

sist. respiratorio

s Paleopulmao

arabronquio

ol Dorsobronguio

Saco
abdominal  Ventrobrénquio

[ saco

[ asreo
\ cranial
<=~ o

Traquéia

s s o Do _——
o cocomnis s corec raacs BHee <mm«:ﬁ

“Eckert”, 200

« Fluxo unidirecional nos parabronquios
« 2 ciclos de inspiragdo e expiragdo para movimentar ar através do

sist. respiratério

AT Traqueia

Pumie /@ 4 S ¥

: =03 ‘% =
A2 £ A N
Compressas A4~ ) Exansso 7o/ J)) Compressas Sy )

do térax dotérax il dotérax
éreas

Expansio
do térax

A expansao do torax A compressdo do térax
equnda durante a segunda
expiragdo empurra o ar

2) A compressio do térax
durante a primeira durante
expiragdo empurra o ar inspiragao faz com que o

ar fresco flua através dos novo dos sacos aéreos ar consumido flua dos dos sacos aéreos

brénquios para os sacos posteriores para os pulmaes para os sacos anteriores para fora via
aéreos posteriores. pulmbes aéreos anteriores traqueia.

nspiracio faz com que o

igura 9.23 0 ciclo ventilatério em uma ave.

Moyes, Schultz, 2010

Modelos generalizados de troca gasosa:

* Pulmé&o dos Aves Parab h
« fluxo cruzado arabronchius

« fluxo unidirecional

Blood
capillaires

i "entilatory air flow

a
€

pO,
\

)

Withers 1995

Trocas gasosas através de corrente cruzada

Bbl—

Hill etal., 2012

16
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Amphibian Skin Fish Gills Mammalian Lung Bird Lung
Skin surface Secondary lamellae Alveolus . Ventilation | Parabronchus
Blood Blood
e e Blood ity
Blood capillaries capillaries capillaries capillaires

Ventilatory water flow Ventilatory air flow

“Open” Countercurrent

Crosscurrent

‘ Withers 1995

Fim parte 1

Mecanismos de Ventilacdo em Vertebrados

Elasmobranchii/Actinopteryqii
* bomba dupla (dual pump): -
bomba de SUCCAO e bomba de PRESSAO

Dual pump
Buccal Gill ’ \
cavity curtain Opercular

Opercular H S— U~

valve

<

<.

&€

<
:H_H: Force phase
Suction phasu

A[AJAJA

Kardong, 2003

17
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Mecanismos de Ventilagdo em Vertebrados
»Inspiragdo através de bomba buccal
Bomba buccal/bomba pulsatil

= bomba de duas fases:
= um ciclo de expanséo — compressdo

= grande maioria dos anfibios

= bomba de quatro fases
= dois ciclos de expansdo — compressdo

= peixes de resp. aérea, alguns anfibios aquaticos

(a) Two-stroke

"\ * )
= YA
W Ll
X To 4
lungs N
From N
lungs N

Expansion Compression

Buccal pump: two-stroke and four-
expansion
to and from

FIGURE |
stroke. Air-br

fishes and amphibians ut

bys
and fresh

5. (b) Four-

and the excess expelled through the
pump (based on Amphiuma tridoctylum). Initial buccal expansion
(1) draws air into the mouth, to be expelled next during buccal
compression (2); now buccal expansion (3) draws in fresh air, 0
be forced into the lungs upon buccal compression (4)

Madfid from Simars, Benets, and Broines

(b) Four-stroke

From
lungs.

To
lungs.

Expansion (1)

Compression (4)

Compression (2)

Kardong, 2003

Four-stroke buccal pump

Water Inhalation

pressure

Exhalation

Expansion (3)
4 Compression (4)

Compression (2)

Expansion (1)

Bugcal\*} S,
cavity

Sphinctef>{~“v B Oy —";

Lung *

FIGURE 11.12

Kardong, 2003

Air-breathing fishes: buccal pump.

Glottis.
Lungs. )

- Buccal

cavity

Kardong, 2003

18
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»Expiracéo:
SARCOPTERYGII - p{:lsswa ou ativa
T 1 (musculos
TETRAPODA e
Easma voh Acinostengi  Lungishes | Sawamanders Frogs Gasclians Ammota abdominais, m.
aeciliar iola
ranchiomorph inopterygii ungfishes anders T0gs ilians  Amniof transversu5)

4
Exhalation powered by
hypaxial musculature

Fig. 1. Left lateral view of the hypaxial musculature of an adul
Ambystoma tigrinum. Muscle fibers in the lateral pair (OES and]
OEP) slope from craniodorsal towards caudoventral, whereas muscle]
Aerial buccal pump (2- or 4 stroke) fibers in the medial pair (OI and TA) slope from cranioventra
towards caudodorsal. OES. m. obliquus externus superficialis; OEP.
m. obliquus externus profundus: OL m. obliquus internus: TA. m.
transversus abdominis: RA. m. rectus abdominis. The figure is taken
from Simons and Brainerd (Simons and Brainerd, 1999) (with
permission). Copyright 1999 Wiley-Liss, Inc., a subsidiary of Johs
Wilev & Sons, Inc

1
Aquatic buccal pump

Ventilagdo pulmonar Undulagéo
2000V "
l o M. obliquus ext. prof.
= SARCOPTERYGII
1
f TETRAPODA

Elasmo- r 1
'| branchiomorphi Actinopterygii Lungfishes Salamanders Frogs Caecilians Amniota
2004V

M. transversus k

Costal aspiration

4
Iwmﬂn Pressdo Exhalation powered by
H_mroperitoneal hypaxial musculature
s

Figure 7. Elcctromyograms of Necturus hypaxial musculature with simultancously recorded
pleuraperitoneal pressure trace (from individual N3). The m. obliguus externus profundus is active
during lateral body bending {undulation) but relatively inactive during lung ventilation {conclusion
based on 1wo clectrodes implanted in individual } = 7 undulations and ¥ = 9 breaths). The
m. transversus abdominis is active during both lung veatilation and undulation (N = 10 breaths, 6 from
individual N3 and 4 from individual N5; N = 10 undulati 7 from individual N3, 3 from N5).

Aerial buccal pump (2- or 4 stroke)

1
Aquatic buccal pump

19
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» Aspiracéo
= primitivo: rotagao das costelas para aumentar volume da cavidade
toracica/abdominal = suga o ar para dentro dos pulmdes

= libera cavidade oral e faringe da respiragdo > adaptacéo para
alimentacédo

= costelas = musculos intercostais
= especializacdes:
o crocodilianos: musculo diaphragmaticus - émbolo

o tartarugas: musculos abdominais modificam posi¢éo das
viscerais

o mamiferos: diafragma

o aves: separagdo completa entre mecanismo de ventilagao (sacos
aéreos) e troca gasosa (paleopulméo = parabronquios)

e corrente cruzada

—Tungs >

r/@—”

Fliao  Pumdo Septa  Fig
dear hepitico

X Liver movement
. Iver movement Withers, 1995 ol Venilag

o crocodilianos: musculo diaphragmaticus = émbolo

Expiration liver disphragmatic

/]/ ‘_C,’\mr 'ee! %@ﬁlu\\
1

Inspiration

rectus abdominis ischiopubic

Fig. 3. Aspiration breathing by acombination of hepatic piston pumping (via the
diaphragmaticus muscle) and pubic bone rotation (via the ischiopubis muscle)
in Alligator mississippiensis. From Carrier and Farmer (2000).

Sistema respiratorio dos mamiferos:

« Traguéia, bronquios, ductos alveolares, alvéolos

» Pleuravisceral e parietal, diafragma

Bronquiole

Ploura
pariotal

Pleura
visceral

Puimao esquerdo
(lobo interior)

Rede
capilar
Cavidade. e
ploural

Fig. 3321
A. Pulmbes de um ser humano, com o pulméo direlto mostrado em corte. B. Porgiio terminal do bronquicko mostrando o0 $acos aéreas com
9 ickman, 200:

suprimento de sangue. As setas indicam a direcio do fiuxo sanglineo

20



Withers, 1995

19/05/2020

Withers, 1995

A Inspiracao

Coluna
vertebral

Costels
|

Diatragma

Intercostal
intemo intarcostal
extemo
B Expiagio
Costela |
754 | Diatragma

Intercostal
interno

1
Intercostal
extemo

g 133 " ’ or
® movime ek

“Eckert”, 200

Inhalation Exhalation

Air expelled from lungs due

Air flows into lungs due to

EM REPOUSO

— RELAXAMENTO

increased lung volume 1o relaxation of diaphragm

following contraction of

diaphrag and externar muscles
intercostal muscles

Figure 6.3 During quiet breathing, contraction of the diaphragm o CONT RAQAO

and external intercostals increases lung volume (left). The lowered
pressure allows air to move into the lung from the atmosphere.
Relaxation of the diaphragm and external intercostals reduces lung.
volume (right) and air flows out of the lungs.

21
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RESPIRACAO NO EXERCICIO

INSPIRACAOATIVA

INTERCOST. EXTERNOS +
DIAFRAGMA + MUSCULOS

SUPLEMENTARES (ESCALENOS,
ESTERNOCLEIDOMASTOIDEO
(PEITORAL))

RESPIRACAO NO EXERCICIO

EXPIRACAOATIVA
INTERCOSTAIS INTERNOS +
OBLIQUOS + TRANSVERSO +

RETO ABDOMINAL

Espirbmetro

22
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6000 - Inspiration
5000 -
Inspiratory Inspiratory| | Vital Total lung
reserve capacity| |capacity capacity
= 4000 o volume
E
2 -
§ 3000 B 4 o )
g )\ ] e Fim parte 2
= 2000 Expiratory Functional
reserve volume residual
capacity
1000 4
Residual o
volume Expiration
Time
{© Elsevier. Guyton & Hall: Textbook of Medical 1le - www. onsult.col

Diagramamostrando as excursdes respiratorias durante uma
respiragdo normal e duranteinspiracéo e expiragdo maxima

Sistemas respiratdrios traqueais Onychofora (peripato):

« sistema traqueal parecido

Z Cuticle
Tracheokes com o dos artrépodes e

. « espiraculos — abrem para um
Epithelial Apws .
cells atrio — sistema traqueal
Trachea 1 - Clicle « espiraculo sempre aberto
Soira « troca gasosa através de
SR difusio

FIGURE 13-20 Tracheal system of an onycophoran,
Peripatus trinitatis, showing one of the spiracles lo-

cated in a slight cuticular depression and the bundles of
tracheae extending into the tissues from the spira-

cle. (From Barrington 1967; after Grasse 1949.)  \Njithers, 1995
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Chelicerata:
» como adultos: respiragao aérea
« formas primitivas: pulmao foliaceo (=branquia foliaceo)
« sistema de lamelas invaginadas
» com espiraculo e atrio
« hemolinfa para transportar gases
« formas avangadas: evoluiram sistema traqueal (junto ou sem

A Hypothetical Spider
Internal Organs of Female
Midgut  Malpighian
Heart Tuhules

Pericardial Sinus

Stercoral

Supraesophagal  Subesophagal
Gangli Ganglinr% Cavity

anglion

pulméo foliaceo) Eyes
« traquéia de peneira (sieve trachea) Poison
P Gland
« traquéia de tubo (tube trachea)
Chelicerae
Stomach Diverticulal Spinnerets
Rostrum Esophagus Book Lung Silk Spiracle
Mouth | Pharynx Genital
Opening
Lahium
Ricinulei
Opiliones Tracheae
Amblipygi Pseudoscorpiones Jracheae
Lungs Tracheae A
cari
i acese
tracheae Solifugae integument

FIGURE 13-24 (A) Gill structure of a fossil eus
il sructure rypterd srhropod, Parahughmillria,
from the ventral gill surface. The small evaginated cones increase the gill II’II'AO(':‘:I ;:nm

Withers, 1995

Tracheae

Palpigradi

Integument

Uropygi

Lungs

Scorpiones Loss of lungs

Lungs

Xiphosura .
Gm;)/ Arachnida

Figure 8 Phylogeny of the the Arachnida, which includes spiders, scorpions, ticks, mites, harvest-
men, and their relatives. This tree relates especially to the feature “loss of lungs.” Whether this loss
really happened remains speculative. After Weygoldt und Paulus (820),
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Insecta:
Insecta:

Longitudinal trachea

= normalmente com sistema traqueal, mas algumas
modificacOes para vida aquética

= branquia traqueal
= branquias abdominais laterais

General- ~ . .
SR = branquias filamentadas

ized tracheal system of an
insect.

= branquia funcional (pélos hidréfobos (plastréo) >
bolha de ar)

= branquia retal (larva da libélula)

= branquia de sangue

Withers, 1995

N\,

(i)
B

FIGURE 13-25 (Continued) (B) Schematic of some different i i

F 13-25 Lypes of re:

insects: (i) typical anastomosing tracheae and numerous pairs of spiracle: :.P:S‘Eh‘:llm:”ym-
with air ucslfor vemi!uiog; (iii) only a single terminal pair of functional spiracles; (iv) no
W piracles, diffusion occurs across the cuticle; (v) as in (iv), with abdominal tracheal
s: (vi) as in (iv), with rectal tracheal gills. (From Barnes 1986: Wiceleswarth 1024 1

Withers, 1995

25



19/05/2020

Insecta:

« todos com espiraculos (estigmas) e sistema traqueal

» numero variavel de espiraculos

« varios tipos de sistemas traqueais

« espiraculos podem ser fechados =» controle da evaporagéo

« troca gasosa s nas traquéolas (<1pm)

« difusdo dentro dos tubos (poucos movimentos respiratorios)

« Ventilagdo descontinua

spiracle—

Closed

Spiracle—

inal spiracle of a hymenopteran

insect, an ant, showing the open and \:Iu,\:;l z:::llz:;d
i 4 ) can

The internal occluding chamber (f)c . 2

by the closing muscle (cm) and dilated by l7h7€ opening

ﬁu‘clc (om). (From Richards and Davies 1977.)

FIGURE 13-26 Abdom

Withers, 1995

Water Loss (mg h~!)

Spiracles open
(15% CO,)

Cuticular

FIGURE 13-27 Relationship between ambient relative
humidity and spiracular (above rh axis) and cuticular
(below rh axis) evaporative water loss for a normal
tsetse fly and a tsetse fly induced to keep its spiracles
open by exposure to 15% CO,. An estimate of the per-
cent closure of the spiracies for the normal fly is also in-
dicated. (Modified from Bursell 1957.)

Withers, 1995

aberto aberto
fechado

Spiracular
movements

“Piscando” Techado

i [ Ventilacdo
descontinua

Fluttering Dpen Constricted

(top), intratracl
ond from top), p:
pCO, change in the
ond from bottom), and

mined by external respirometry
(bottom). (From Levy and Schne
derman 1966.)

Time—> Withers, 1995
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Spirscutr QDGO aberto
movements
fechado . ,, | fechado
Piscando’ h
|
H - x
i Consticted I Ventilacdo
s - | 3
{ I descontinua
Lo | Jeliem|
\ | B A
| i 4 | Presséo negativa no
]1 sistema traqueal
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= el Al
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|| ‘ | Y
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| N ! + respiration in the silkworm pup:
L i SR ! showing the spiracular moven
500 | { (top), mtrat al pressure (sce
" Grs Exchangs | ond from top), pattern of pO, and
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