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Micronanostructures of the scales on a mosquito’s legs and their role in weight support
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We show here that the mosquito cannot only give rise to a higher water-supporting force than the water
strider if the ratio of the water-supporting force to the body weight of the insect itself is compared, but also can
safely take off or land on the water surface, and also can attach on any solid surface like the fly. We found that
the mosquito’s legs are covered by numerous scales consisting of the uniform microscale longitudinal ridges
(nanoscale thickness and microscale spacing between) and nanoscale cross ribs (nanoscale thickness and
spacing between). Such special delicate microstructure and/or nanostructure on the leg surface give a water
contact angle of ~153° and give a surprising high water-supporting ability. It was found that the water-

supporting force of a single leg of the mosquito is about 23 times the body weight of the mosquito, compared
with a water strider’s leg giving a water-supporting force of about 15 times the body weight of the insect.
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There are two biological movement phenomena that have
attracted us for a long time: (a) why some small insects (usu-
ally with body mass less than 1 g), such as the water strider
can float and glide effortlessly on the water surface [1-4],
and (b) why some small animals and/or insects, such as the
gecko [5-8], fly [9-13], etc., can run on a vertical wall or a
smooth glass surface, and even on ceilings against its body
weight. Studies [1-4] reveal that water striders have long
hierarchically hairy legs that enable them to have the remark-
able hydrophobic ability. These unique hierarchical hairy
structures are responsible for the insect leg’s superhydropho-
bicity and the strong water afloat ability, and make it so easy
for the insect to stay, walk, run, and play just on the water
surface. There are two means of walking on water according
to the relative magnitudes of the body weight and the maxi-
mum curvature force associated with the surface tension [3].
If the ratio of the body weight to the curvature force is
greater than 1, such water walkers as the basilisk lizard rely
on the force generated by their feet slapping the water sur-
face and propelling water download [14]. However, such in-
sects with the ratio less than 1 as the water strider may reside
at rest on the water surface, and are supported mainly by the
curvature force generated by the distortion of the free sur-
face. Bush and Hu [15] have recently given a very good
review for the hydrodynamics of walking on water. The
strong adhesion ability of the gecko is due to the van der
Waals interaction between a contacting surface and hundreds
of thousands of keratinous hairs or setae (nanoscale in diam-
eter) on the gecko’s foot pads [5-8]. Several adhesion skills
are coupled together to give rise to the strong adhesion abil-
ity of the fly [9—13]. The skill of being able to reside and run
on the water surface or to attach on any solid surface as
mentioned above is very important for each of them to feed
or to escape from an attack. Mosquito is a small insect that
can not only reside effortlessly on the water surface partially
like the water strider, but also can lay eggs, safely take off or
land on the water surface, and can also attach on any solid
surface like the fly. However most of the previous studies on
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mosquitoes were focused on the harmful sides that they bring
to human beings [16,17]. Among the special skills of the
mosquito, the water afloat ability may be the most surprising.

The average body weight of the studied mosquitoes cap-
tured in Dalian area of China is about 26 uN. The typical
length of the adult mosquitoes is about 5—6 mm, which is
almost the same as that of the aédes aerypti with a charac-
teristic length ~5—7 mm [16]. The mosquitoes have six long
and scaly legs of characteristic length 7—10 mm, with a di-
ameter ranging from 80 um (foreleg) to 210 um (hind leg).
Each leg has seven sections fully covered by a large number
of the oriented micrometer scales excluding the foot’s pads.
Scanning electron microscope (SEM) observation revealed
that the scales on the leg surface have patterned microstruc-
ture and/or nanostructure (see Fig. 1). In the longitudinal
direction of the scales (along the leg) there are about one-half
to one dozen of the straight ridges. The spacing between the
longitudinal ridges on a single scale is often quite uniform,
ranging from 1.5 um to 2 um depending on species and
scale type. The longitudinal ridges have a thickness of about
200-250 nm. In between the longitudinal ridges are numer-
ous fine transverse ribs or cross ribs with the spacing be-
tween ranging from a few hundred nanometers to about
1 micrometer. The cross ribs have a thickness of about
100 nm. The longitudinal ridges are connected at intervals by
a series of the cross nanoribs. Besides the mosquito’s legs,
the insect’s body, wings, and the proboscis’ labium are also
partially covered by the similar scales. The scales on a mos-
quito’s legs are quite similar to those on a butterfly wing
[18,19]. However, for some butterflies the regions between
the ridges and cross ribs of the scales are hollow. The main
function of the butterfly’s scales is to change its color and to
adjust the body temperature [18,19]. Such microstructures
and/or nanostructures as found on a mosquito’s legs are be-
lieved to be at least responsible for its high water-supporting
ability. The air trapped in the spaces between longitudinal
ridges and cross ribs may form nanocushions at the leg-water
interface that presents the legs from being wetted, as a result
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FIG. 1. (Color online) The hierarchical microstructures and
nanostructures of the scales on a mosquito’s leg (the fifth section of
the hind leg). (a) The numerous scales on the leg surface oriented
along the leg; (b) the elaborate arrangement of the longitudinal
ridges and the cross ribs. Note the scale’s theca as the (red) arrow
points.

a mosquito can stay on the water surface quietly as long as it
wants. The microroughened and/or nanoroughened scales of
the mosquito leg gives a similar water-repellent effect as the
lotus [20].

The contact angle of water on the mosquito’s leg surface
is found to be ~153°, measured using Dataphysics ocah 200.
Cassie’s law for the wettability of a rough surface shows that
the apparent contact angle of water 6 is described by cos 6
=(1—-f)cos a—f, where « is the contact angle of water on the
same smooth material surface as the mosquito leg, f is the air
fraction between the leg and the water surface. A similar
analysis using the Cassie’s law as Gao and Jiang [4] shows
that f=85.3% if we take @=105° as what Holdgate [21] gave
for the water strider cuticle.

We measured the water-supporting force of a single hind
leg of the mosquito using the test system as shown in Fig.
2(a). The hind leg was adjusted to have an angle of about 30°
with respect to the water surface. This angle is what a mos-
quito usually likes to use to land on a water surface. The
measured maximum water-supporting force ranges from
540 uN to 735 uN, giving the average value of 600 uN
which is about 23 times as large as the body weight of a
single mosquito, compared with a water strider’s leg [4] giv-
ing a water-supporting force of about 15 times the body
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FIG. 2. (Color online) (a) The test system used to measure the
water-supporting force of a single leg of the mosquito. The test
machine together with the steel bar and the needle can move verti-
cally with a controlled speed of 1 mm/min. The first section of the
mosquito leg was glued to the tip of the needle. The initial angle of
the leg with the water surface can be adjusted by changing the angle
of the needle with the bar. The digital balance has a high precision
of 0.1 uN. (b) A typical curve measured for the water-supporting
force versus the moving displacement of the machine after the leg
just touches the water surface. The contact angle of a water drop on
the surface of the mosquito leg is ~153° (see the inset). The tem-
perature in the laboratory is 20 °C and the relative humidity is
about 50%.

weight of the water strider. A typical curve of the water-
supporting force versus the moving displacement of the test
machine is given in Fig. 2(b). When the long tiny hair on the
mosquito’s foot back started to touch the water surface, the
water-supporting force increases slowly with the displace-
ment. Also the leg started to have a small deflection. How-
ever, after the scaly leg touches the water surface, the water-
supporting force increases roughly proportionally with the
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FIG. 3. The measured water-supporting force versus the moving
displacement when the leg was vertically penetrating the water
surface.

displacement as shown in Fig. 2(b), forming a dimple on the
water surface. Finally, the supporting force reaches the maxi-
mum followed by a sudden disappearance of the dimple, i.e.,
the leg penetrates the water surface. After the leg was taken
out from the water and then the same test was repeated again,
a very good repeatability for the water-supporting force
curve was obtained.

Generally speaking, the water-supporting force consists of
two components: buoyant force and curvature force associ-
ated with the surface tension, generated by the dislocation of
the free surface [3]. In order to check the buoyant force of
the leg, we adjusted the leg as straight as possible and then
moved it vertically into the water. In this case the leg can
easily penetrate the water surface. Compared with the water-
supporting force as indicated in Fig. 2(b), the water-
supporting force measured this way is too small (~14 uN)
to be considered (see Fig. 3). This indicates that the mosqui-
to’s foot’s pads (detailed structure will be shown as below)
do not play an important role in the water afloat ability. In
such a case, the air can hardly be trapped in the spaces be-
tween longitudinal microridges and cross nanoribs on the
leg’s scales because air can easily escape from the space
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FIG. 4. (Color online) The measured water-supporting force ver-
sus the moving displacement (dimple depth) when the cut leg was
parallelly pushed down the water surface.
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FIG. 5. The micostructures and nanostructures of a mosquito’s
foot: (a) the foot consists of two claws and two first level composite
pads formed by hundreds of setae, together with some long tiny hair
and scales covering the foot back; (b) the sideview of the setae. On
the tip of the seta there is the second level of a tiny pad, the shape
of which looks like a microman’s foot with length about 2—3 um,
width about 1 um, and thickness varying from ~200 nm to
~ 500 nm. The diameter of the seta ranges from 200 nm to 250 nm.

between the longitudinal ridges (see Fig. 1), indicating that
the surface curvature force dominates the water afloat force
of the mosquito’s leg.

We have also measured the water-supporting force of the
cut mosquito’s leg parallel with the water surface as shown
in the inset of Fig. 4. The cut section of the leg was glued on
the stainless steel tripod tips (diameter 100 xm) using cy-
anoacrylate instantaneous adhesive. It is found that the
water-supporting force is proportional to the length of the cut
leg. However, because the two ends of the cut section cannot
deflect like the mosquito leg arranged as a cantilever as
shown in Fig. 2(a), they can easily penetrate the water sur-
face. The maximum depth of the dimple formed here ranges
from about 1.2 mm to 2.6 mm. The shorter the cut leg, the
smaller the dimple depth.

Experimental observation [16] showed that only female
mosquitoes bite human and animals with their special pro-
boscis [22,23]. The mosquito’s legs firmly attach to the skin
of the victim when it is stinging the skin. After its stomach is
full of blood the mosquito will find a wall, ceiling or any
other solid surface to stay there, sometimes, for as long as a
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FIG. 6. (Color online) Microscope image of the hind leg of a fly.
The setae on the fly leg surface are much larger than those on the
mosquito’s leg, giving a space between about 50—120 mm. The
contact angle of a water drop on the fly leg surface ranges from
~45° to ~75°, giving a hydrophilic property.

couple of days. The adhesion function of the mosquito, con-
tributed by its special foot pads, is similar to that of the fly
[11]. Figure 5 shows the SEM image of a mosquito’s foot.
The foot consists of two claws, two pads (left and right)
formed by hundreds of setae, and a few long tiny hairs on the
foot back. The setae were arranged in uniform rows and
columns. Spacing between rows (perpendicular to the claw)
and columns (parallel with the claw) are ~5 um and
~3 um, respectively. On the tip of the seta there is a tiny
pad (the second level pad) with a bottom surface area of
about 2-3 square micrometers. If a man of 180 cm height
having a foot length of 25 cm were reduced by 8 X 10* times,
he would become a microman with a body height of
22.5 pm and a foot length of 3 um. The shape of the tiny
pad on the tip of the seta of the mosquito foot pad looks like
such a microman’s foot. This special design of the pads en-
ables the mosquito to adhere to any solid surface. For hang-
ing on to a rough surface it is believed that the two claws are
used, but for a smooth surface only the setae are used (in a
manner similar to a fly due to the combination action of van
der Waals, Coulomb, and attractive capillary forces [13]). We
found that the mosquito can attach upside down a glass sur-
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face with 1.5 nm of roughness (root of mean square), but it
does not like to walk or run as the fly.

We have also measured the water-supporting force of a fly
leg. It is only about 300 uN, i.e., about 3 times as large as
the body weight of the fly. The contact angle of water on a
fly leg surface usually ranges only from ~45° to ~75° (see
Fig. 6), giving a hydrophilic property. The setae on the fly
leg surface are much larger than those on the mosquito’s leg,
giving a space between about 50—-120 um. That may be why
a fly cannot stand or run on water surface due to its hydro-
philic legs. We forced an alive fly to drop on the water sur-
face and found that it could hardly escape alive directly from
the water surface. Only if it struggled and in case climbed to
the bank it might escape. However, for a mosquito, it can
take off from the water surface without any difficulty.

Water strider’s leg surface (Gerris remigis) is covered by
numerous oriented hierarchically hairy microstructures
and/or nanostructures, which gives the maximal supporting
force of a single leg of about 15 times the body weight of the
insect [4]. However, here we found that the average water-
supporting force that a single leg of the mosquito gives is
about 23 times the mosquito body weight. The mosquito can
safely take off or land on the water surface, and can also
attach on any solid surface like the fly. We found here that
the mosquito’s legs are covered by numerous scales consist-
ing of the uniform microscale longitudinal ridges (nanoscale
thickness and microscale spacing between) and nanoscale
cross ribs (nanoscale thickness and spacing between). Such
special microstructures and/or nanostructures on the leg sur-
face are believed to give the mosquito a surprising high wa-
ter afloat ability. The mosquito can attach upside down on a
nanosmooth glass surface due to its hierarchical foot pads
like those of the fly.

This work was supported by the NSFC (Grant Nos.
10421002, 10672035, 10332010), SRFDP (Grant No.
20060141007), and the National Basic Research Program of
China (Grant No. 2006CB601205).

[1] R. O. Brinkhurst, Proc. Zoolog. Soc. London 133, 531 (1960).
[2] N. M. Anderson, Vidensk. Meddr. Dansk. Natuyrh. Foren.
139, 337 (1976).
[3] D. L. Hu, B. Chan, and J. W. M. Bush, Nature (London) 424,
663 (2003).
[4] X. F. Gao and L. Jiang, Nature (London) 432, 26 (2004).
[5] K. Autumn et al., Nature (London) 405, 681 (2000).
[6] K. Autumn et al., Proc. Natl. Acad. Sci. U.S.A. 99, 12252
(2002).
[7] A. K. Geim et al., Nat. Mater. 2, 461 (2003).
[8] H. J. Gao et al., Mech. Mater. 37, 275 (2005).
[9] T. West, Trans. Linn. Soc. London 23, 393 (1862).
[10] G. Walker, A. B. Yule, and J. Ratcliffe, J. Zool. 205, 297
(1985).
[11] S. N. Gorb, Proc. R. Soc. London, Ser. B 265, 747 (1998).
[12] S. Niederegger et al., J. Comp. Physiol., A 187, 961 (2001).

[13] M. G. Langer, J. P. Ruppersberg, and S. Gorb, Proc. R. Soc.
London, Ser. B 271, 2209 (2004).

[14]J. W. Glasheen and T. A. McMahon, Nature (London) 380,
340 (1996).

[15] J. W. M. Bush and D. L. Hu, Annu. Rev. Fluid Mech. 38, 339
(2006).

[16] J. C. Jones, Sci. Am. 1978, 138 (1978).

[17] S. Budiansky, Science 298, 80 (2002).

[18] P. Vukusic, J. R. Sambles, and H. Ghiradella, Photonics Sci.
News 6, 61 (2000).

[19] H. Tada et al., Appl. Opt. 4, 1579 (1998).

[20] A. Marmur, Langmuir 20, 3517 (2004).

[21] M. W. Holdgate, J. Exp. Biol. 32, 591 (1955).

[22] R. A. I. Gordon and V. H. R. Lumsden, Ann. Trop. Med. Para-
sitol. 33, 3 (1939).

[23] H. Anne, Can. Entomol. 102, 501 (1970).

017301-4



