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When biologists want to give examples of animaladpable to build things, fishes
don’t readily come to mind. It's understandablesHeis have a hard time building
things because they are ill-equipped for the jotlike land vertebrates, they don’t
have digits with which to hold things. They canyosihovel earth with their fins, or
carry earth and small objects in their mouths.

Yet, some fishes do build things. Their methodslmagclassified into three
categories:

1) Excavations: digging up depressions or burrowgave, sand or mud;

2) Pile-ups: piling up sand, pebbles, mud, shellsvags to build mounds or
simple walls;

3) Gluing: sticklebacks use kidney secretions to gliaat bits together and form
nests for their eggs, while gouramis and some aretbcatfishes use mucus
to create bubble nests.

Following are some specific examples of buildingha fish world.

Theburrows, turretsand walls of mudskippers

Let’s start with mudskippers — a group of 25 spefiem the goby family. Found on
the coastal mudflats of Africa, Southeast Asia Aodtralasia, they are well adapted
to an amphibious lifestyle. They are also good eatms. Using their mouths to
carry mud, they dig up burrows that can be as nasch m deep (about 6 feet),
though most reach only half that depth. The burramesshaped like a J, or, when
they have two entrances, like a Y. (Burrow shapelbmadetermined by pouring resin
into the burrow and making a cast of it, after hgvilushed out the resident of
course.) Mudskippers stay in their burrow at higle twhen the mudflats are under
water, so as to avoid the predatory species thigdecthe shallows. At low tide, they
emerge and go about their business on the exposddbut they are wary and retreat
to their burrows at the least sign of danber.

At least two species, the giant mudskipPeriophthalmodon schlosseri and the
walking gobyScartelaos histophorus, build a special chamber at the bottom of their
burrows into which they carry mouthfuls of air. @meleased the air accumulates at
the top of the chamber and forms a reserve fronchvthie fish can breathe — like all
amphibious fishes, mudskippers are good air breatfidie usefulness of this air
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reserve must be related to the fact that watdrarburrow typically contains little
2
oxygen:

Two other specieeriophthal mus argentilineatus andPeriophthal mus minutus,

build mud turrets several inches high around ttieaane of their burrow. They do
this by depositing mouthfuls of mud. The role a#gh turrets is unclear. They may
constitute observation posts from which the fisly aeck for the presence of
predators before “stepping” onto the mudflats goren that the water in the turrets is
warmer than in the burrow, they may act as litdersas where the fish can warm
themselves up and activate their metabolism beferelay’s activities.

Mudskippers maintain territories around their busoWhen the population gets
crowded, little mud walls a few inches high starappear at the territorial
boundaries. At the highest densities, continuoutswialimit polygon-shaped
territories. The whole mudflat looks like a mosaienostly pentagonal and
hexagonal-shaped enclosures, each slightly lessltima (3 feet) wide. The walls are
several inches high and made from piled-up moushdéimud. They keep aggressive
interactions between neighbours to a minimum (‘adwgight, out of mind”). When
mischievous researchers knock down walls, mudskspgesiduously start to rebuild
them, but until the fortifications are completedréhnis a measurable increase in
hostility between neighbours. Fortunately, in sumthe mud walls harden under the
hot baking sun and can last up to several monttes) though they are regularly
exposed to the tidé's.

The burrows of red band-fish, Cepola rubescens

The technique of pouring resin down a burrow taoba cast has also been applied
to the red band-fish off the coast of Lundy, aansl in the Bristol Channel, UK. The
red band-fish has a long ribbon-like body, weltasdito burrow living. The fish
studied at Lundy were 12 to 74 cm long (about 3%an) and lived on the sea bottom
at a depth of 10-20 m (about 33-66 ft). There tegavated burrows in mud.
Researchers cast a total of 13 burrows (after ogakie occupant away with a narrow
rod) and dipped a ruler into 117 mote.

The burrows turned out to be single shafts withranél-like entrance and an enlarged
section at the bottom. Their mean depth withingddiments was 49 cm (19 in). The
deepest burrows, which belonged to the largestsnalere up to 1 m deep (3 ft). The
shafts were mostly vertical but lateral deflectioreye sometimes forced by the
presence of buried stones or shells. Many of thieolus featured a side branch at
mid-depth, pointing slightly upward. In cross sentthe burrows were elliptical, with
enough room to allow pectoral fin movements andyhowlulations.

Some fish were captured and taken into captivitgmetiheir burrowing behaviour
could be observed. The fish excavated using theutly though they also sometimes
pushed the mud aside with their body. Mouthfulsnofd were dumped no more than
a body length away from the entrance. Between bafutsud transport the fish
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regularly “coughed”: they opened their gill covarsd forcefully passed water
through the gills to dislodge any mud particlepprd in then?. After 6 h of hard
work the burrow was deep enough for the fish tedmpletely inside. Further field
and laboratory work showed that even when a bursdimished, maintenance work
is still necessary to prevent siltation and to nepallapsed areas. The fish do this
work mostly at dawn and dusk.

It has been calculated that up to 6 liters (abdrigallon US) of sediments can be
displaced by the construction of one large banlfisrrow. For an average-size
burrow, the volume is 3 liters.

Theroofed burrows of yellowhead jawfish, Opistognathus aurifrons

This small fish (maximum length 10 cm, or 4 in)ldsiburrows 11-22 cm deep
(about 4.5-9 in) in rubbly sand. The burrow usutdlges the shape of a chamber
excavated underneath a rock, or a chamber linddaaital fragments to solidify it in
the absence of a rocky roof. One individual wasddl in the wild building a new
burrow after a large pebble fell into the entraatas former home (the fish had tried
to dislodge the obstacle, but without success).

Using its mouth the jawfish first excavated a fursteaped crater, 10 cm deep (this
measure included the height of the rim formed leydisplaced sand). Then, again
using its mouth, it carried and dropped pebbles iiné crater, slowly filling it, all the
while maintaining a central vertical tunnel thavgaccess to the bottom of the hole.
It then alternated bouts of pebble carrying with éxcavation of a chamber at the
bottom end of the tunnel. Eventually the chambes e@nplete and the crater above
was full of pebbles except for the masonry-linedtcd tunnel. Together with small
buried rocks, the pebbles formed a solid roof ffier ¢hamber. Finally, the fish
covered the pebbles at the surface with sand. Hotewoperation took 8 h to
complete’

The spawning chamber of the moga ( = Nicaragua cichlid), Hypsophrys
nicaraguensis ( = Cichlasoma nicaraguense)

At the 2007 Cichlid Classic meeting in Chicagoegesher Ron Coleman reported
the following observation he made in the field.fdend moga eggs lying at the end
of a foot-long (30 cm) tunnel — such a deep nest explain why the eggs are non-
adhesive, an oddity among New World cichlids. Hmalbserved some of these fish
in the act of digging the tunnel: they were spignimside, like a living drill. The
dorsal fin of the spinning fish raked the sideh# tunnel, enlarging it.
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Various examples of mounds

Five families of fishes — cyprinids, gobiids, maathids, cichlids, and labrids —
include species that build mounds.

Cyprinids In North American streams, the male cutlip minriewglossum

maxillingua, 90-115 mm long (3.5-4.5 in), assembles moundsattea75-150 mm

high (3-6 in), 30-45 cm in diameter (12-18 in), reag of more than 300 pebbles 13-
19 mm in diameter (a quarter to half an inch). Tible carry these pebbles one by one
in their mouths, sometimes stealing some from tbamds of other males. The
females deposit their eggs on the upstream slogieeahounds, and the males cover
these eggs with more pebbles. Males of the horrybleabNocomis biguttatus, 90

mm long (3.5 in), and of the river chtmcomis micropogon, 100 mm long (4 in),

also build mounds during the reproductive seasbeyEtart by clearing a slight
depression in the substrate, which they overfithwap to 10,000 pebbles until the
mounds are 60-90 cm (2-3 ft) long (in the directidrthe water current), 30-90 cm
wide (1-3 ft), and 5-15 cm high (2-6 ififfemales lay their eggs among those
pebbles. They are presumably impressed by the siggeunds, as these are built by
the biggest and strongest males. The stone acctianuia free of sand and it exposes
the eggs to a good water current that suppliesexyg

Gobiids Gobies of the genus Valenciennea live in maledierpairs that excavate
and share burrows. Several burrows can be prestmnuwhe same territory. They are
used as refuge, as a sleeping place, and alsplaseato tend eggs during the
reproductive season. Coral rubble is often heapeatidfish over the burrow
entrances. In a Red Sea population of twostripéegafal enciennea helsdingenii,

such mounds were found to be as high as 30 cm (dbibl) with base diameters of
25-60 cm (about 2-3 ft). Not bad for a pair of fiklat was only about 15 cm (6 in) in
length! A team of divers led by ichthyologist Euge@lark, of the University of
Maryland, removed approximately half of a mediumesinound and counted no less
than 4062 individual pieces of coral rubble, shellsd shell fragments (so double that
number for the whole mound). There were also addd/pieces such as worm tubes,
egg cases, and even one watermelon seed! Whilifgitheir mounds, goby pairs
could collect and carry as many as 9 pieces ofl cobble per minuté.

In the long-finned goby/alenciennea longipinnis, pairs build a mound over one of
the two entrances of their spawning burrow. Thisinth 6-13 cm high (about 2.5-5
in), helps ventilate the burrow. The mound defleeaser currents, which increases
water speed in that spot, which in turns lowersguee. Pressure is therefore lower at
the entrance surrounded by a mound than at the etitieance. This pressure
differential generates a water flow within the lmwr This is particularly useful
during the parental phase, as the water flow caplsment the fanning done to the
eggs by the caring male. This functional role olumas was demonstrated by
Takeshi Takegaki and Akinobu Nakazono of KyushuMarsity. The two scientists
injected ink at the mound-less entrance of burramd observed that the ink was
quickly sucked into the burrow and soon percoldtedugh the mound at the other
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end. When the mound was removed, the ink took lotggeome out. Also, the
concentration of oxygen was found to be higherurrdaws with mounds than in
burrows whose mounds had been removed. TakegaKkiakazono reported that
over the four days of the parental phase, malgegtaside their burrows to fan the
eggs while females stayed outside to maintain tbends. When females were
experimentally removed, the mounds soon lost theight, and many males —
perhaps discouraged by the impoverished ventilatfdheir burrow — abandoned
their breeding attempt and ate the eggs they waegsfor°

MalacanthidsAt least five species of tilefishes build mourdgoral rubble over the
entrance of their burrowsioplolatilus fronticinctus, H. geo, H. pohle, Malacanthus
brevirostris, andM. plumieri. The mounds can be as high as 80 cm (31 in) ad th
oval-shaped base can cover as much as 2 x 3 mt(@bo@ ft). From partial
sampling it has been estimated that the largeshi®oontain as many as 200,000
individual pieces of coral rubble. Such moundspodably the largest built
structures in the fish world, but even for tilefisiey represent an extreme. In one
study of 33 mounds built byl. plumieri (the sand tilefish) off the coast of Colombia,
the minimum size was 85 x 67 x 15 cm, the maximuas 208 x 198 x 17 cm, and
the average was 133 x 102 x 22 cm (52 x 40 x 9Tim. fish themselves were about
20-50 cm long (8-20 in). The mounds, and of cotingeburrows associated with
them, may offer protection against predators sscsharks

Cichlids Males of many mouthbrooding cichlid species ikedalawi and Lake
Tanganyika, Africa, build sand cones that aredladd or crater-shaped on top. These
mounds are sometimes called bowers, because bkeldborate constructions of
bowerbirds they are solely meant to attract andé@smpfemale&’ They do not
provide shelter for the fish nor for their eggsnoof these sand mounds are huge:
they can reach 3 m in diameter (10 ft) and 40 cimeight (16 in). The males
themselves are all under 25 cm in length (1331§ome females seem to prefer to
mate with males whose sand mounds are bigger awitfoa rim of even height,
suggesting that good building is taken as a sigoaal genetic quality or good
health'* However, in some species there is no preferendeidger sand castles, and
for them it has been argued that the structurevallspecies recognition (Lake
Malawi and Lake Tanganyika contain complexes of ergus and very similar-
looking cichlid species)’

Labrids Many wrasses sleep buried in sand at night. Addbe time of sunset they
dive into loose sand and spend the night there. §veties go the extra mile and
make sleeping mounds (or sleeping nests). The dartlaskfishChoerodon jordani
uses its head to scrape out sand from under adshle, and then it adds coral
fragments over the site. It slips into this nest pfter sunset. For its part the
rockmover wrassBlovaculichthys taeniourus, 14-26 cm long (5.5-10 in), carries sand
in its mouth to make a small mound which it coweith pieces of dead coral. Then it
moves a few pieces of coral aside and dives irgs#mdy mound, where it spends
the whole night. The coral bits presumably hindedeter nocturnal predators. A
single fish can make more than one such mound exesying, spending an average
of 34 minutes on the task. Larger individuals hthesgall to steal the sleeping
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mounds of smaller fish at sunset, and that’s priybahy some fish make more than
one nest:®

Depression nests

Many fish species dig up and clear a depressidnarsubstrate where the female will
lay her eggs and where the young will be defenBg&dmples include the male
bowfin, Amia calva, which cuts or pulls out all reeds in a circulega38-60 cm
(about 15-24 inches) in diameter; and the male lsmoalth bassiMicropterus
dolomieui, whose nest can reach 185 cm (6 feet) in diaméter.

In preparation for laying their eggs (which willtime defended later on), female
Pacific salmon use their fin to dig large bowl-sbdypits in gravel. In the case of a
very big Chinook salmon, these depressions candbm@eep (a foot and a half) and
cover an area the size of two parking lot stalleak been estimated that salmon
spawning in southwestern Alaska disturb 30 % ofavelable streambed in this
manner —and this is in populations that are ndteit peak numbers, since they are
fished commercially®

Vegetation nests

Male threespine sticklebackSasterosteus aculeatus, build vegetation nests at the
beginning of the reproductive season. A male wattsby digging a shallow pit in
sand or mud with his mouth. Then he places slepigees of vegetation in the pit.
This material is glued together with mucus secrefiom the male’s kidneys. The
gluing behaviour is easy to recognize, as the malens over the nest with peculiar
movements of the pectoral and anal fins, bringilsgcloacal region in contact with
the vegetation. When enough material has accunaltite male starts pushing his
snout into the heap. Eventually the male creemsutiir the heap, forming a
horizontal tunnel. It takes him about five hourdtold such a nest. A study in the
U.K. has found that nest characteristics (numbegri@tes used, area of the nest, total
mass) differ between males but are consistent mvitiales"’

During spawning the female swims through the tuiamel deposits her eggs there.
The male follows to release his milt. The male tgeards the nest and fans water
into the entrance to bring oxygen to the eggs. $iomes he pokes holes into the nest
walls, presumably to allow better water circulatthning fanning.

Other stickleback species build nests in a sinfiddahion. There is a twist in the case
of the ninespine sticklebadkungitius pungitius. Here the male builds his nest off the
ground, among the branches and leaves of aquaetateon. He also displays a
particular gluing behavior in addition to the “stiand” one. First he bends his head
and tail towards each other. A drop of glue iswéd from the cloaca, forming a
thread which the fish grabs in his mouth. He thereb into the mass of vegetation
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pieces he has accumulated and deposits the thregel This probably helps to
consolidate the inside of the nest.

The male sea sticklebac®jinachia spinachia, starts his nest by laying down a
network of glue threads in a dense patch of seavwidezh he adds pieces of
vegetation to the matrix until a spherical masmaterial is obtained®

A few other fishes beside sticklebacks make vegetatests, though glue does not
seem to be involved in the building process. Fanaxe the abaGymnarchus
niloticus, makes a floating nest from weeds that it uprootsips free. The nest can
be 0.5-1.0 m long (20-40 in). The female lays lggrsanside this mass of plants and
the male subsequently guards it.

Bubble nests

Male gouramis (anabantoids) are well known forrtkhapacity to produce floating
bubble nests. Some armoured catfishes from thdy&@ailichthyidae can also
produce foam nests. In all cases the bubbles on Br@ produced by mixing air with
mucus in the fish’s mouth. The mucus makes the lleglgiick together. Bits of plants
are often incorporated into the bubble nest. Tlys egleased by the female in mid-
water are picked up by the male, who spits themtimé mass of bubbles. The male
then guards the nest. If any egg falls down forenrtest, the male picks it up in his
mouth and spits it back into the nest.
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