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Topics

Do insects have a heart?

Closed and open components

Circular and alary muscles

Link between circulation and respiration
Importance of haemolymph pressure

The Haemolymph

The haemolymph has multiple functions:

nutrient transport, for example, from gut to tissues, from fat body to
tissues.

metabolite store: reservoirs of water, proteins, excretory material
distribute hormones: corpora cardiaca are situated adjacent to the
dorsal vessel, and neurohemal organs release neurosecretions into
haemolymph

pigments: some insects have pigmented haemolymph

Important: Insects don’t use haemolymph for gas exchange
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The tubular closed component
Insects have an “open” circulatory system

The “heart” or “dorsal vessel” is muscular

http://insects.about.com/od/morphology/ss/internalanatomy 4.htm
lllustration courtesy of Piotr Jaworski (Creative Commons license), modified by Debbie Hadley

The tubular closed component
Insects have an “open” circulatory system

The “heart”, “aorta” or “dorsal vessel” is muscular

Diaphragms allow a flow
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The tubular closed component

Dorsal vessel is segmentally arranged.

Abdominal component generally referred to as the heart

Head/thoracic component as the aorta. The division between heart and
aorta varies among the insect groups.

Dorsal vessel is composed of a single cell layer of striated myocardial
cells, i.e. it takes the form of a muscular tube

Ostial valves

Ostial valves are slit-like openings in the wall of the dorsal vessel, usually
also segmentally distributed.

Excurrent ostia can be simple non-contractile openings allowing passive
flow from the dorsal vessel, e.g. in the grasshopper.

Excurrent ostia can open into segmental vessels (non-muscle, connective
tissue tubes which guide the outflowing haemolymph into particular
regions of the body).

A. Longitudinal section. B.
Transverse section of thorax. C.
Transverse section of abdomen
(modified from Chapman, 1982,
based on Wigglesworth, 1972)

Ostial valves

From: Functional morphology of
the heart and of a new cephalic
pulsatile organ in the blowfly
Calliphora vicina (Diptera:
Calliphoridae) and their roles in
hemolymph transport and tracheal
ventilation. Wasserthal®
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Cellular arrangement of the heart. (a)
Second segment with spirally oriented
muscle fibrils.

23/02/12



Alary muscles

Alary muscles are fan-shaped, paired, and segmentally distributed. They
are sometimes called aliform muscles (e.g. Chapman).

Composed of muscle and connective tissue, neurally evoked potentials.
Their contractions don't necessarily match those of the heart.

FIRST PLACE: Jonas King, Vanderbilt University in Nashville, Tenn., scored first prize with this
shot of a mosquito (Anopheles gambiae) heart magnified 100x, taken with a fluorescence
microscope. Courtesy of Nikon Small World Contest. Green is the actin component of muscles

Haemolymph flow

Flow visualization in the heartof a g ( i i ) using sy x-ray ph: i i

(A) Side view of the grasshopper abdomen showing the approximate location of the heart (blue) and the relative size of the imaging
window (white rectangle, 1.3 x 0.9 mm). The abdomen is encapsulated in an x-ray transparent Kapton tube. Scale bar, 5 mm. (B),
Cross-sectional schematic of the dorsal abdomen showing the relative sizes and locations of the heart (H), dorsal diaphragm (DD), and
pericardial sinus (PS). The red arrow indicates the orientation of the x-ray beam. (C) X-ray video still of a region in the dorsal 3rd
abdominal segment in lateral view. Round structures are air bubbles used to visualize patterns of heartbeat and hemolymph flow.

Lee and Socha BMC Physiology 2009 9:2 doi:10.1186/1472-6793-9-2

Watch movie on website
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Haemolymph flow

i heart = A %‘?‘%
and ymph flow (3rd i R R e
segment) in the grasshopper = .&@*?ﬁ'ﬁt&mmbﬂ} 2
Schistocerca americana. B
(A) Side view x-ray video image indicating 4
the color conventions used in (B).
Anterior is to the right; dorsal is to the 2004

top.

(B) Time series from one video sequence
showing the relationship between
pericardial sinus depth (blue) and
hemolymph flow direction (green,

.

yellow, white). Decrease in pericardial

sinus depth corresponds to
compression. Green represents net
forward (anterograde) flow,

and white
indicates zero flow. Average
compression frequency was 55 cycles/
min (0.92 Hz). In most instances, 150
forward flow occurred only during
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compressive movements of the T
pericardial sinus, and presumably of 10

the heart itself. Backflow did not occur
with each forward flow event, but
when it did, it occurred directly after
the forward flow event. Note that there
was no observable hemolymph 4
movement for roughly half the time.
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Lee and Socha BMC Physiology 2009 9:2
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Haemolymph flow influences respiration

Compensatory changes in the tracheal volume, caused by haemolymph
oscillation between anterior and posterior body in Calliphora vicina. (a) During
forward pulse period of the heart, haemolymph (HI) leaves the aorta in the head.
The tracheal volume in the anterior body decreases. (b) During backward pulse
periods, haemolymph enters the anterior heart ostia in front of the pair of large
abdominal air sacs and leaves the caudal heart through a pair of excurrent ostia. The
increasing haemolymph volume partly displaces the volume of the air sacs (from
Wasserthal, 1982b, modified). Expiration/inspiration of anterior and posterior body
alternate due to periodic haemolymph shift, because the tracheal systems are
separate.

Wasserthal 1996 Advances in Insect Physiology
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Haemolymph flow influences respiration
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Periodic heartbeat reversal and pulsed CO, emission in the resting blowfly Calliphora vicina (mature female of
0.08 g). Temperature measurement at the level of the 3rd heart segment at 21°C. A small soldering bit serves for
fixation of the fly and heat-marking of the thorax haemolymph. There is one CO, emission peak during backward
pulse period and another one in the course of the forward pulse period of the heart. The lowest CO,-emission is at
the beginning of the forward pulse period.

Wasserthal 1996 Advances in Insect Physiology

Haemolymph pressure

Anesthetized animals collapse

Haemolymph pressure can be used as an aid to
movement. Larvae are generally pressurised
(hydrostatic skeleton).

The less sclerotised, softer bodied insects use
haemolymph pressurisation as a way of maintaining
body shape and moving.
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Haemolymph pressure

Role in ecdysis, unfurling of wings,
oviposition.

The ptilinum of Diptera is everted under
haemolymph pressure, allowing the
still-flexible and unsclerotised adult to
crawl through the pupation substrate. It
later collapses into the head.

Alex Wild http://www.alexanderwild.com.
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