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FISH CULTURE.

—————

FisH culture comprises several objects, the chief of which
are an augmentation in the number, and an improvement in
the breed of the fishes of  a district, country, or even of the
ocean, by means of direct cultivation, not only of the finny
tribes but also of the food upon which they subsist. It
likewise embraces whatever facilitates their ascent and
descent of rivers, rendered necessary for spawning purposes
to continue the race, or for nutriment to maintain the life
of the individual. Many of these subjects appear to have
received more consideration in ancient than in modern
times, and up to a recent period, in distant countries, as
China, than in more civilized Europe.

The Chinese are commonly credited with having been
the people who first turned their attention to fish culture,
collecting and disseminating the spawn, and artificially
rearing fry which they employed for the purpose of stocking
every available piece of water. The Egyptians likewise in
times past must have taken considerable pains in this
occupation, but it has been surmised that their earlier
vivaria were of two kinds, sacred and profane, the oc-
cupants being destined for either the altar or the table.
The boundaries of ancient Egypt are well known, and the
conformation of the barren deserts on its east and west
show but little alteration: but her population must have
largely diminished, for we are assured by Diodorus that
1700 Egyptians were born on the same day as Sesostris,
which would represent a population that could not be less
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4 FISH CULTURE.

than 34,000,000. The agricultural resources of the country
would have been far too small to supply sufficient food for
such multitudes, and a fish diet must have been largely
partaken of. At that period fish culture was extensively
practised, and the ruling powers and the ruled vied with
each other in augmenting the fish supply in all the numerous
tanks, lakes, canals, and rivers of the country. Lacépede
computed that Lake Mceris alone might have produced
18,000,000,000 fish of two feet long each.

In the Roman republic fish culture was carried on for
the purpose of augmenting the general food supply, and
Belonius observes that the waters of the Propontis were
more profitable for the fishes they produced, than a similar
extent of the best land could have been by its pasturages
and its harvest. Lucullus, we are told, dug large trenches ;
or canals from his fish ponds to the sea in the vicinity of
his house at Tusculum, in the Gulf of Naples. Fresh-water
streams ran down the canals to the sea, and up them sea-
fish which spawn in fresh water or anadromous forms,
ascended to deposit their ova. When these fish had entered,
the gates at the exit of the canals were closed, and while
their eggs were developing into young and growing to an
eatable size, the parents which had spawned were being
employed as food. Varro observed that there existed two
forms of stews, the one supplied by fresh, the other by salt
water—In the first, advantage being taken of springs and
the conformation of the ground, constituted the poor man’s
pond, whereas none but the rich could enjoy the proceeds
of a sea preserve : this latter being pleasing to the eye but
expensive to the owner and better adapted to empty his
purse than satisfy his appetite. But in time some individuals
who had studied fish culture to advantage made large
fortunes by salt water vivaria. Roman authors have left us
detailed accounts of how their various stews were formed,
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subdivided and supplied with water; how exotic fishes were
sometimes brought from long distances ; how their sea ponds
were usually stocked from the neighbouring ocean; andlastly,
how they obtained fish spawn in the sea which they success-
fully reared in rivers and lakes. While the high admiral
Optalus under Claudius brought from the Carpathian Gulf
vast supplies of the hitherto unknown fish, Scarus, and
deposited it along the coast from Naples to Ostia, where he
continued to cruise about and inspected the fishermen’s nets
for five years, during which period he suffered none of the
species to be captured.

The discovery of how to artificially fecundate fish ova
has been claimed for many different persons, in various ages,
and in widely separated countries. In the fifteenth century
a monk named Dom Pinchon appears to have practised it,
breeding and rearing fishes in wooden boxes through which
a stream of water flowed. The bottom of these boxes he
lined with sand or gravel, while their ends were protected
by wicker basket-work. Stephen Ludwig Jacobi, a wealthy
landed proprietor, residing at Hohenhausen, a2 small town in
Westphalia, as early as 1758 appears likewise to have made
many experiments respecting the artificial breeding of
salmon and trout, adopting much the same plan as Dom
Pinchon, except that he secured both the upper surface and
ends of his troughs with fine gratings and deposited them
in the stream at a suitable depth leaving the eggs to be
naturally hatched. He gave an account of his discovery in
a letter to Buffon, which was deemed so important that the
British Government granted him a pension.

Lacépede, writing at the commencement of this century,
deplored the loss of fish-ponds in France, remarking that
formerly they produced large returns, but had then ceased to
yield anything, so that much evil and no good has attended
their abolition. In Germany the landowners make more
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by their carp and pike than many agriculturists obtain in
Great Britain from their sheep and cattle kept in a similar
space. In this country stews were attached to most large
houses in the country, and every monastic establishment, but
with the emancipation from fasts and greater facilities of
transit from place to place the necessity for these vivaria
diminished or almost disappeared. It is only now that
meat is becoming so expensive, and likewise fish, due to
pollution of waters and too much license having been per-
mitted to fishermen and poachers, that the necessity appears
to have arisen for some remedy for the present dearth of
the finny tribes.

To the French Government is due the credit of first turn-
ing fish culture in Europe into practical channels. In 1842
they commenced their experiments, and in 1848 the estab-
lishment at Huningue came into existence near the Rhine
and the Rhone canal, while it possessed springs in the
vicinity which could be utilised for the incubation of fish
eggs. Here but comparatively few of the ova were hatched,
for when the eyes of the embryo became visible, showing
that they might travel with comparative safety, they were
distributed to wherever it was considered they could be
turned to the best account: When this establishment first
commenced work, the rivers and lakes of France were
exceedingly deficient in fish, but by a distribution of about
20,000,000 ova annually they became restocked.

In Great Britain, as already remarked, the Government
appear to have been one of the first in Europe to appreciate
the importance of Jacobi’s re-discovery of how to artificially
impregnate fish ova. In 1837 Mr. John Shaw succeeded in
fecundating and hatching salmon eggs, also in rearing the
young; while Gottlieb Boccius asserted that he had
successfully reared young trout at Chatsworth and
Uxbridge as early as 1841. The Galway salmon fisheries
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were restocked by Messrs. Ashworth by means of attificial
propagation in 1854. In Scotland the establishment of
Stormontfield was commenced in 1853 on the Tay, the
rental of that river in 1828 being £14,574, but which
gradually diminished until 1852, when it had decreased to
£7,953. In 1858, the rental rose to £11,487, and in 1862
it had reached the value it had in 1828. This rise not
being due to increased value of salmon in the market, but
to augmented numbers of fish in the river.

As animal food becomes dearer, and the price of fish
augments, it is remarkable how British fisheries have been
treated, and the slight amount of statistical evidence which
has been collected and made public, while no Government
official is now engaged on the artificial propagation of fish,
or in experiments upon how to augment the supply of this
necessary article of food. In fact, the British Government
respecting freshwater fisheries, is now behind almost every
country, in that it gives no assistance to the fish culturists,
and keeps up no establishments of its own in order to
maintain the necessary number of fish in our waters.

In Norway pisciculture commenced about 1850.

In Germany, artificial fish breeding has become exten-
sively disseminated in all parts of the country, while their
natural propagation is carefully tended. Likewise the cul-
tivation of fish ponds is assuming an importance they have
not had since the abolition of monastic establishments.

In Italy, lagoons appear to be somewhat extensively
employed by the fish culturists, who capture young fry in
the sea and rear them in these large vivaria.

In Greece the state maintains twenty-four establishments
for fish culture, the principal being in lagoons, and the
captives being disposed of while in a fresh condition.

In the United States of America a Fish Commission was
first appointed in 1871, to investigate the alleged diminu-
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tion of food fishes along the sea coast and in the lakes, and
if this proved to be the case, to suggest the proper method
for restoring the supply. The next year an additional
feature was ingrafted, namely, that of the propagation and
actual multiplication of the food fishes. Subsequently a
large proportion of the various States, satisfied with the
excellent work being carried on, organised State Com-
missions for the purpose of looking after the interests of
theiz waters, and of co-operating with the United States
Commission towards the accomplishment of a common end.

In 1879 the Congress authorized the construction of a
special steam vessel of 484 tons, to serve as a floating
station for the hatching of shad and other useful food fishes.

Professor Spencer Baird, when reviewing the impoverished
condition of their fisheries, and the measures which he
deemed advisable, observed : “ What are now the remedies
to be applied, to recover from this lamentable condition of
the American fisheries? These are twofold : one consists
in the enactment and enforcement of legislation protecting
what we have, and allowing natural agencies to play their
part in the recovery ; the other consists in the application
of the art of the artificial propagation of the fish. Either
alone, in some circumstances, will answer a very good
purpose ; the two combined constitute an alliance which
places at our command the means of recovering our lost
ground to a degree which, but for the experience of the
last ten years, would hardly be credible.”

The active field work of the Commission, observed the
Commissioner in 1875, now embraces almost the entire
year. The hatching of shad, A/osa m)z'dz'ssz'ma, continuing
from March until August; of Californian salmon, Salmo
quinnat, from June until November ; of Penobscot salmon
from June until March or April; of landlocked salmon,
Salmo salar variety, from September until March ; and of
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white fish, Coregonus albus, from October until March.
Since then cod and other tribes have been added to the
species of fish artificially propagated.!

The far-famed Columbia river, where the abundance of its
salmon has been a theme for astonishment among those who
have witnessed it, began to show signs of decreased supply.
The canners took alarm, and petitioned for legislation, to
be accompanied, if possible, by artificial propagation, and
in 1876 a permanent station for this purpose was opened on
the McCloud river.

In the Sacramento river, observed Professor Spencer
Baird, the catch has increased in five years from five millions
to fifteen millions of pounds, and has brought up the supply
to more than its pristine condition of abundance, by planting
about two millions of young fish every year. Inthe Rogue
River, Oregon, where salmon had for nearly twenty years
been taken in large numbers and salted, a visible diminu-
tion became apparent in the season 1877-1878, and it was
decided, in consequence, to commence their artificial
propagation.

In the Dominion of Canada, Mr. S. Wilmot originated
fish culture, and under his management the work is largely
carried on. He states that some hundred millions of
young salmon have been artificially hatched and dis-
tributed in the waters of the Dominion during the last
few years, and now (1882) Government hatcheries are
constantly being erected.. It has been clearly demon-
strated in this Dominion, by Mr. Wilmot and others, that
by artificial propagation and a fair amount of protection all
natural salmon rivers may be kept thoroughly stocked
with this fish, and rivers that have been depleted through

'In Mr. Brown Goode’s paper on the Fishery Industries of the
United States he enumerates 27 species or varieties of fish artificially
hatched in that country.
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any cause, brcught back to their former excellence. In
Restigouche river, where no obstructions existed, but
spearing and netting were relentlessly pursued, the number
of salmon had so decreased, that in 1868 anglers only
took 20 and the commercial yield was merely 37,000. A
salmon hatchery was then inaugurated, and a little
protection afforded to the fish, and in 1878 one angler
alone, out of hundreds that were fishing in the river, killed
in 16 days with his single rod 80 salmon, 75 of which
averaged over 26 lbs. each; while in that one division
(not counting local and home consumption) net fishermen
took 500,000 lbs., a result largely brought about by artificial
cultivation. Also in the Saguenay River the scarcity of
salmon had become so great that there were no lessees; a
hatchery was built, and the state of things wonderfully
changed, so much so that in 1878 from the great numbers
of salmon taken in the tidal waters they became a drug
in the market, and were selling as low as 3 cents a pound,
and angling in the tributaries was most excellent.

The Canadian fisheries report for 1882 shows a very
large increase of salmon in the rivers, where artificially bred
fry were planted ; and the returns from the Restigouche, and
Gaspe, up to the first half of the season of 1883, give an
almost unprecedented catch of fish by anglers. On the
Restigouche, at the Metapedia pools, 300 salmon were
taken in one week, averaging 224 1bs. Three miles higher,
56 fish, average weight 23 lbs :—Farther up a party of four
rods killed 190 salmon, 23} 1bs. average :—At Indian House,
Wilmot’s pool, four rods in two weeks caught 180 fish, all
very large,one a forty-pounder :—Another party in same pool
killed 55 salmon :—1In six pools still further up-river, 386
salmon were taken by 14 rods in a fortnight’s time : in one
of the above pools, 36 salmon were killed by three rods in
one day :—On this river a large salmon hatchery has been
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in operation for several years :—At Gaspe another hatchery
is in operation, where in 1882 the report shows an increase
over former years; but in 1883 the catch has been three-
fold over 1882.

In Japan the Government have taken steps towards
carrying on a complete system of fish culture, for the
purpose of restocking rivers which appeared to have become
depleted. The first stations established were those at
Yuki, Kanagawa Ken, and at Shirako, Saitamo Ken in
1877. At either of those stations, 30,000 fish can be
raised. In 1879 the number of establishments was
augumented to five; and at Shiga Ken, which has an
abundant supply of water at §4° Fah. in the summer, there
is a capacity of raising any number of fish: lake trout
were introduced, and there were 40,000 fish 18 months old
in good condition, as well as 250,000 young fry. Unable
to obtain a sufficient supply of meat, the fish are fed on a
mixture of the chrysalides of silk worms and wheat-flour.
Equal portions are ground up together in a coffee mill, the
mixture is boiled for fifteen minutes and then allowed
to cool, subsequently it is pressed through a fine wire
sieve. Hatching fish is said to have been first adopted by
Aodo two hundred years ago, and the Daimio of that
time made rules for the protection of the fish and fry
which are in force to this day.

OUR FRESHWATER FISHERIES.

Our inland waters may be roughly divided into those
found in rivers, . canals, lakes, broads and ponds: while
in rivers we have such as are rapid and clear, or else
sluggish and more or less muddy. In these various localities
we find different varieties of fish, which may be classed
into game-species, as salmon, trout, and their allies; and
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secondly, coarse fish, as perch, carp, pike, &c. In the fore-
going enumeration shad are omitted as well as flounders
and lampreys, which ascend into fresh waters from the sea.

Although in some localities rivers and their piscine
inhabitants still continue in an almost primitive condition,
in the vast majority of cases in Great Britain and Ireland
artificial causes, often due to augmented population, have
led to changes which have entirely altered what was the
former aspect of affairs. For although in sparsely inhabi-
ted places where the local demand is small, and the means
of transport to cities difficult, man in his efforts rarely
octasions any undue decrease in the finny tribes inhabit-
ing the fresh waters, yet as population augments a very
perceptible change ensues. Land becomes more cultivated
and better drained, towns spring up on the river banks
which may possibly in olden time have been the natural
highway of the country: first surface drainage, next
sewerage, become emptied into its course, and, finally,
manufactories rise, the owners of which find it cheaper
to use the river as the receptacle for their poisons than to
dispose of it in pits and other innocuous ways. Thus fish
become destroyed, or their health affected, as well perhaps
as whoever or whatever partakes of these polluted waters.
Mines in a similar way may be drained into streams, weirs
may be constructed to span its course, immoderate netting
and poaching practices may be legalised, and one or all
of the foregoing causes may occasion a diminution in the
stock of fish. The water, instead of providing an augmented
supply of food to an increasing population, becomes, as years
roll on, more and more depleted of fish, and either legislative
aid must be invoked to remedy what the legislature itself
has to a considerable extent occasioned, by first tolerating
and subsequently legalising flagrant abuses: or else the
rivers must by artificial means be annually supplied with
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fish from elsewhere, to compensate for the unnatural
depletion which is being carried on by man,

The question may be asked whether our fresh-water
fisheries are in an impoverished state >—if any apparent
diminution is not due to increased facilities of transport
causing fish to be now distributed over a wider expanse of
country than was formerly possible? Due to the absence
of statistics, any investigation into these questions is difficult
but not impossible, and I purpose adverting to the con-
dition of the salmon fisheries, as being the most valuable
in our fresh-waters, and consequently those best known.

The first fact that strikes the investigator is that salmon
have been exterminated from the Stour, the Itchen, the
Medway, the Avon, and the Thames, in England. In
Scotland the Fifeshire Leven no longer contains salmon ; in
the Tay district the Almond, Ericht and Dighty are ruined,
due to pollutions, while many other rivers are greatly
injured. In Ireland, from Wicklow Head to Rossan Point,
nearly every river in the county Down has, owing to
pollutions, been destroyed as a salmon producer. The
foregoing instances are adduced to prove entire destruction
in some localities.

It has been asserted that in ancient times the supply of
salmon was so abundant that, in indentures of apprentice-
ship, a proviso was usually inserted that the apprentice
should not be compelled to eat salmon more than three
days in the week. In Coursell’s ‘ History of Gloucester’ it
is stated that “it was a standing condition of apprentice-
ship that the apprentice should not be obliged to eat
salmon more than thrice a week.” This proviso is alluded
to as existing at Worcester, Newcastle, and elsewhere,
while the Cromwellian trooper, Captain Franks, writing of
Stirling, remarked that the burgomasters, as in many other
parts of Scotland, are compelled to re-enforce an ancient
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statute that commands all masters and others not to
force or compel any servant or an apprentice to feed upon
salmon more than thrice a week. At Inverness, a century
later, Burt tells us salmon sold at one penny a pound.

We are however reminded that it is difficult to compare
the priée charged a century since to what obtains in the pre-
sent time, because so many disturbing influences have oc-
curred. Pennant, in 1776, tells us that to pay the expenses of
the salmon fisheries in the river Tweed, it would have been
necessary to capture 208,000 salmon annually, an amount
which must have far exceeded the supply in the present day.
If however for the sake of argument it were admitted that
there is no diminution in the number of our fresh-water
fishes, he would be a bold individual who asserted that our
rivers and other fresh waters are as fully stocked as the
sustenance in those waters could maintain.

Some of our fishes have seriously decreased in number,
and our fresh-water fisheries require more attention than
they now receive in order to render them the food producers
they ought to be. But, prior to considering artificial pro-
pagation, it will be necessary to advert to what kinds of
fishes we possess which are worth increasing, and what are
the characters of their eggs.

Di1visioNs OF FISHES.

Our fresh-water fishes are divisible into the river or
fluviatile and lacustrine or lake species, while our marine
fishes may be considered as shore or littoral, and pelagic or
sea forms, these last being again subdivided into such as
are generally found near the surface, at greater or mid-
depths, and abyssal residents. Fishes which frequent
fresh water may be permanent residents therein, as carp;
anadromous, or merely visitants from the ocean for the
purpose of depositing their spawn, generally leaving their



FISH CULTURE. 13

young to be reared there, as salmon and shad; cata-
dromous, or such as reside in fresh water, visiting the littoral
zone-or sea to deposit their spawn, as eels, the young of
which ascend our rivers in order to be reared.

BREEDING OF FISHES.

Fishes are dicecious animals, the sexes being present in
different individuals, although in some exceptional instances
hermaphrodites have been recorded. A few are mono-
gamous ; but the majority are polygamous. Among the
bony fishes breeding takes place on one of the following
plans, (1) the eggs may be hatched within the female organs
as seen in the oviparous blenny ; or (2), as in the majority
of these fishes, the eggs having been extruded by the female,
are subsequently fertilized by the male, the milt of the
latter being brought into contact in the water with the hard
roe of the female. Simple, however, as this process may
appear, there are many interesting questions respecting
breeding which demand the attention of the fish culturist,
such as what is the size of the eggs, whether the fresh-water
forms deposit theirs in stagnant, semi-stagnant places, or
running streams; or do those of the sea species float, as of
the cod, sink, as of the herring, attach themselves by tendrils,
as the gar pike, or by adhesive mucus as in lump suckers ?

The forms which produce the greatest number of eggs
are often those which live in large communities, spawning
once annually, as the cod ; from a 21 1b. example of which
12 1b. of roe were obtained, while Buckland found thaf
7% lIb. of roe contained 6,867,000 ova; which, if the
proportions were the same in each, would give the enormous
number of about 11 millions of eggs in a 21 1b.cod-fish. A
perch gives from 20,000 to 28,000: mackerel at 11b. 86,120,
at 1} 1b. 546,681 eggs. From a brill of 4 Ib. 239,775, from
a plaice of nearly 5 lb. 144,600, from a flounder of about
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13 1b. 1,357,400, from a sole of 11b. 1 34,000. Among the
Salmonidz the eggs are generally comparatively large, the
number which each salmon produces being estimated at
about 9oo for every lb. of its weight ; but they may exceed
this, as one of 20 Ib. contained 27,850. This variation in
size is perhaps, partially at least, due to the age and size of
the parent, thus in the report of the United States Fish
Commission on the McCloud river, California, it was
observed in 1878 that the parent salmon were unusually
small, their average weight being under 8 1b. This small
size was stated to be undoubtedly caused in whole or in
part, by the fishing at the canneries on the Sacramento,
where the 8-inch meshes of the innumerable drift nets
stopped all the large salmon, and let all the small ones
through. The eggs when taken proved to be at least a
third smaller than those of most previous years, and the
average number to the fish was about 3, 500 against 4,200 in
the previous year. Possibly fry reared from eggs of salmon
fertilised by the milt of the parr would be rather a small
race. Similarly at Sir James Gibson Maitland’s fish-hatching
establishment at Howietoun, the Lochleven variety of the
common trout at 4 or 5 years old produced eggs 32 of
which filled one length of a glass grill in the hatching
boxes ; but such as were obtained from 6 year old fish,
27 or 28 eggs occupied the same amount of space. Living-
ston Stone observes ! that American trout living in spring
water develop smaller ova than such as reside in brooks.
Although fish producing smaller eggs may have proportion-
ately more in comparison with their weight, young reared

! He likewise considers that “large eggs are the result of keeping
the breeders in water that warms up in the spring and summer. Itis
true, if it becomes too warm, say above 70° it is injurious ; but water
that stands at 63° in the summer will make larger eggs than water at
55° and very cold spring water will always develop small eggs?”

(p- 183).
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from such ova are neither so large nor grow so quickly as
such as are derived from eggs produced by older fish, and
it has appeared to me that such may be one cause of how
some races of fish may deteriorate.

From 4 21} 1b. carp, 1,310,750 eggs were obtained ; froma
164 1b. example, 2,055,750 : from a roach £ 1b., 480,000 ; of
104 ounce, 81,536: a tench of 24 lb. contained 383,252.
Herring, from 20,000 to 30,000 eggs. The foregoing figures
show that a great margin must be allowed to be present
in the number of the eggs produced in each variety of fish,
owing to the size and age of the parents, the character of the
water in which they reside, and other physical conditions.
The great numbers produced by some forms are evidently
intended for the purpose of counterbalancing the enormous
waste which must necessarily occur under some natural
conditions, but they may be insufficient to supply the
deficiency caused by man.

The places where fish eggs are deposited are exceed-
ingly various. Thus the ovum of the cod, which possesses
no oil-globule, floats in sea-water until the young emerge,
consequently the micropyle is at the under surface, the
milter is below the spawner and the milt ascends: in
the herring the ova sink to the bottom, where by means of
a glutinous secretion they become attached to seaweeds,
rocks, and other objects. One form of sea-sucker
(Lepidogaster) affixes its eggs to the inside of an old shell,
as a butterfly does to a leaf: the gar-fish has filaments
springing from the outer covering of its ova which enables
them to adhere together in a mass, or attach themselves to
contiguous objects, possibly with a view to prevent their
sinking into the mud. Anadromous forms appear to deposit
their eggs in pieces of running water, but in different ways ;
thus, the smelt attaches its ova by a filament to planks,

VOL. IL—IL c
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stones or posts near high-water level ; the grayling deposits
its ova in the bed of rivers ; the salmon and trout cover
their eggs with sand and gravel ; while other fishes, in fresh
water, spawn in muddy ponds or slowly flowing rivers, where
the eggs of the salmonide would never, as a rule, arrive
at maturity. The ova of the perch are about the size of
poppy-seeds, and instead of being deposited separated one
from another, as in the salmonide, have them adherent
together by a glutinous substancewith stringy bands or mesh-
work, much resembling frog spawn.- The perch selects a
spot where rushes, reeds, or grass grows in the “vater, or else
seeks a piece of wood, or some hard substance, against
which she rubs herself or presses, until one end of the band
of ova has become attached, and then, gently swimming
away, the eggs are voided. The stickleback, whether marine
or fresh water, forms nests for the reception of its eggs.
The river bull-head deposits its spawn in a hole it forms in
the gravel, and quits it with reluctance. In tufted-gilled
fishes, as the pipe, or horse-fish, the male performs the
function of hatching the eggs, which for that purpose are
deposited, and remain up to the period of the evolution of
the young, attached between the ventral fins, as in Soleno-
stomus, a form of pipe-fish ; in tail pouches in horse-fishes ;
or merely in rows, as in Nerophis.

A problem requiring solution is why the floating eggs of
marine fishes are not cast ashore to perish. Generally they
are not deposited too close in shore, while waves move
floating substances very slowly. The wind does them no
injury, as they protrude but little above the surface, and not
at all during storms. They float about, scattered or singly,
and many animals eat them ; but their transparency is
some protection.

Mr. Ryder, in the United States, has made some exceed-
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ingly interesting observations upon the mechanical conditions
affecting the development of fish ova, some of which are as
follows. Among salmon, charr, coregoni, and smelts, he
found an abundance of oil-drops imbedded in the vitellus,
but most abundant under the germinal disk ; as the specific
gravity of this oil is less than that of water, their aggregation
underneath the disk tends to keep ‘the latter directed
constantly upwards. If the egg is turned, the buoyancy of
the oil-drops at once turns. the vitellus within the yolk
membrane, and brings it to rights with the germinal disk
looking upwards. Another type of egg is seen in cusk, crab-
eater, Spanish mackerel, and moon-fish. In all the egg is
kept buojrant, due to the presence of a single large oil-
sphere, situated at a point almost exactly opposite the
germinal disk, which is constantly inverted, or carried on
the lower face of the vitellus, thus acting exactly the reverse,
as observed among the salmonide. No oil-drop exists in
the egg of the cod,' but the specific gravity of the vitellus
is so slight that it behaves exactly like the foregoing—the
germinal disk being constantly directed downwards. In the
egg of the white perch -(Morone Americana), which is
adhesive and fixed, a very large oil-sphere is imbedded in
the vitellus, which controls the position of the latter, and
keeps the disk inverted, and on the lower side of the vitelline
globe, while the free uncovered portion of the latter is
always directed upwards, at least during the early stages.
The shad has an unusually large water space around the
vitellus, between the latter and the egg-membrane ; but the
egg is not adhesive, and its specific gravity is greater than

! Because the eggs of the cod-fish float it must not be taken for
granted that those of all the family do so. The United States ex-
pedition have found the eggs of the hake and the young at 100 to 200
fathoms’ depth.

C2
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that of the water in which it is immersed. There exists a
constant disposition of the germinal disk to arrange itself at
the side of the vitellus when viewed from above, though
there is no oil in the vitellus to influence its position. In
the plectognath (A leuteres), a cluster of oil-drops is imbedded
at one side in its yelk or dentoplasm, while its germinal
matter or protoplasm is relatively large in amount. 1In the
Cyprinodont (Fundulus) and the pipe-fish (Syngnathus), the
oil-drops appear uniformly distributed and imbedded in the
superficial portions of the yelk next to its external surface.
This brings the deposits of oily matter into close proximity
to the vessels traversing the vitellus. The function of these
oils, aside from their buoyant tendencies, as in these last
cases, is not clear; and, beyond the fact that they are
evidently absorbed together with the remainder of the yelk,
we know little of their nutritive properties. Perhaps in the
process of physiological decomposition these oils of fish
embryos develop heat.

But it does not appear as if fishes were invariably able
to extrude their eggs without extraneous assistance ; thus,
Carbonnier and others have recorded how, in the gold carp,
the male, or sometimes two or more of that sex, have acted
as accoucheurs to the female. One heavy-in spawn has
been observed being rolled like a cask upon the ground for
a distance of several métres, and this process has been
continued without relaxation for two days, until the
exhausted female, which had been unable to recover its
equilibrium for a moment, had at last evacuated her ova.
It has been observed of the lampern, or river lamprey, that
while breeding, one twists its tail around another, these
two fishes being invariably of opposite sexes, and that the
ova and milt are discharged at this time. It is likewise
remarkable that, should conger eels be kept some time in
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an aquarium, the female appears to die at spawning time,
as if due to the absence of the male from assisting in the
extrusion of the eggs. It is thus seen that it does not
follow that fishes must extrude their ova when such have
arrived 4t a certain period of development, a subject of
some importance, especially in the salmon family. Thus, at
Howietoun, it has been found that retardation is possible, if
the ripe fish, whether male or female, is placed in a box with
smooth sides, and through which a current of water passes.

Salmon enter suitable rivers for breeding purposes in
varying numbers throughout the year, unless impurities
have annihilated the breed, as in the Thames, At certain
times, as during the cold season, they deposit their fertilised
eggs in nests or redds, subsequently descending to the sea
in a miserable condition, many of the males succumbing
from exhaustion, while at these periods their flesh is
positively unwholesome.

Experiments have been made as to whether, should
salmon eggs be deposited within tidal influences, they
would hatch ; or should the young come forth, whether they
could live, as (due to droughts, pollutions or artificial
obstructions) ascent might be rendered all but impracticable.
Investigations have shown that if salmon ova are deposited
within tidal influences, salt water is fatal to the fertilising
property of the milt or to the life of the impregnated egg.
In Canada, Mr. Wilmot finds that there is no necessity for
salmon ascending rivers to breed, or obtain access to fresh
water, as he finds that they can be caught at sea about
May, and impounded in ponds into which the tide ebbs and
flows, until they become ripe in October or November,
when they are artificially spawned directly from these salt-
water vivaria, and the eggs deposited in fresh-water troughs
in the hatcheries. Mr. Wilmot considers the young, thus
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reared, stronger than from ova obtained from rivers. Mr.
Livingston Stoneé tried catching salmon early in the season
in the McCloud river, and, by confining them, to have a large
number ready at the spawning season. But they mostly died
after a week or two. Some were placed in large plank boxes
anchored in the river, and having great apertures to insure
a good circulation of water; others in large pens in the
bed of the streams, or in ponds on shore, supplied with a
constant stream of river water. The imprisoned fish spent
their whole time in efforts to escape, but day after day
they died; the more caught, the more were lost. Since
then, better results have been obtained.

The eggs of salmon are small, round, elastic bodies of a
clear white, pink, or coral colour, possessing a tough outer
coat, as may be ascertained by throwing one on the ground,
from whence it will rebound without breaking. This
strength and elasticity must be a very important property,
considering where these eggs are to be deposited, and what
an amount of pressure they may have normally to un-
dergo. For the young are hatched in localities not where
a strong current would wash them away, but in small and
often almost mountainous streams, where the water is pure,
shallow, and passes over a gravelly bed in which the redd
can be constructed, while deep pools in the vicinity allow
the breeding fishes to retire into them for rest.

The milt, soft roe, or seminal fluid of the male, is of a
thick milky appearance, which under the microscope is
found to consist of innumerable microscopic organisms
termed spermatozoa or zodsperms, resembling a small
head with an elongated tail-like posterior portion. During
the period of their existence they are extremely active, in
constant motion and restless activity. If placed in water,
the term of their existence is rapidly cut short, although a
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good deal depends upon the temperature at which this is
done ; but the duration of their active lives in this situation
has been computed by different investigators at to thirty
minutes, but two to two-and-a-half would appear to be
nearer the truth. These spermatozoa are naturally living in
an alkaline fluid, composed partly of phosphates and partly
of other constituents, and here they will live for days, even
after leaving the fish; if, however, water is added, these
spermatozoa are rapidly killed. M. Vrasski kept them
alive six days in a tightly corked bottle, whereas they died
in two minutes in water after having been removed from
the fish. These experiments have been turned to practical
account in the artificial spawning of fish.

The egg or ova has on its surface a microscopic orifice,
termed the micropyle, which is usually considered to be for
the purpose of allowing the entrance of the spermatozoa,
without which it would be unfertilized and barren. These
eggs as extruded are soft, and rapidly absorb, through the
micropyle, water or spermatozoa or other substances, and
thus fill up the interspace between its strong elastic outer
and its delicate inner covering. After this absorption is
over, it is impossible for the ova to be fertilised. It has
been computed that, this absorbing power in trout eggs
lasts thirty minutes ; but this is probably a maximum. If]
therefore, trout eggs are mixed with milt in water, it is
evident that, unless fertilisation rapidly takes place, the
spermatozoa will have perished. On the other hand, if no
water is employed, but sufficient milt stirred about and
among the eggs, theoretically the probability would seem
to be in favour of the absorption of the vivifying principle,
and facts fully bear out in practice the accuracy of this
supposition. I have already alluded to the great variation
in the size of the eggs due to the age of the fish; but the
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general computation in Scotland is as follows: Salmon,
25,000 to the gallon; Lochleven trout, 30,000; brook
trout, 40,000 ; American brook trout or charr, 80,000.

The spot where the salmon redd is to be formed in thé
river or stream having been selected, the female lies on her
side, and by rapidly working her tail to and fro, fans up the
gravel until she gradually sinks into a kind of trough, the
male remaining near, and ready to give battle to any
intruder. For this purpose his lower jaw is furnished at
this period with an offensive weapon in the shape of
cartilaginous hook-like process. The female, waited upon
by thé male, now deposits her eggs in the trough which she
has constructed ; these are fertilised by the male, and sub-
sequently covered by gravel to some feet in depth, the
whole forming a redd. But although each female fish is
provided with many hundreds of eggs, the proportion of
such as are hatched, or ever arrive at maturity, is very
small, being computed at one in nineteen. For, as might
be anticipated, eggs deposited in running streams are very
liable to escape the fertilising influences of the milt, and to
be carried away by the current, or overwhelmed in mud;
some become uncovered, others are eaten by hungry fish
in the vicinity. Even if safely deposited in suitable redds,
they still have their enemies to contend with: not only
may floods prematurely sweep everything away, but during
the continuance of such, spawning fish are unable to avail
themselves of their usual breeding-grounds, as they are too
deep in the water. They consequently may have to drop
their eggs in the stream, where they will become lost or.
covered with mud, or else push higher up to where there
will be more chance of their redd being left uncovered, and
the ova perishing from drought when the floods subside ;
while severe seasons of drought may occasion most

-
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disastrous results. Irrespective of the season, the eggs have
numerous water enemies, as the fresh-water shrimp, the
larva of the May-fly, and even some birds, as the dabchick,
ducks and swans, while the vole or water-rat joins in their

destruction.

ARTIFICIAL SALMON AND TROUT CULTURE.

With such a large mortality among the eggs of the
salmonidz left to hatch in our rivers and streams, it became
obvious that a great gain would probably accrue were the
ova collected and hatched artificially in properly constructed
houses, where an uniform temperature would be maintained
and their enemies be kept at bay. In this position the arti-
ficial collection and fertilisation of eggs became one of the chief
objects of the fish culturist, and the views of Dom Pinchin
and Jacobi, already referred to, had an additional value.

Oneg, if not the first, experimenter in Great Britain was
Mr. Shaw of Drumlanrig, who, in 1836, collected salmon ova
from the natural spawning-beds and hatched it artificially ;
and in January 1837 captured a male and female salmon in
the Nith, pressed from them roe and milt, which he
deposited in beds prepared for the purpose, and here he
raised the fry. In 1842 two fishermen in a valley in the
Vosges, named Remy and Gehin, again ascertained how fish
naturally spawned, distinctly showing how it was possible
to restock impoverished fisheries, and increase the fish-
supply in almost any piece of water. Their discoveries
would possibly have led to but little result, had it not been
that, in 1848, M. de Quatrefages advocated, before the
Academy of Science at Paris, on theoretical grounds, the
artificial propagation of fish, and this brought to notice the
discovery of the two Vosges fishermen. After prominent
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attention had been attracted to the subject, especially by
M. Coste in France, and Messrs. Frank Buckland and
Francis Francis in England, establishments for the artificial
propagation and dissemination of fish sprang into existence
in many quarters. Some succumbed after ephemeral
careers, while a few flourished, and still continue to do so.
By far the most importdnt at the present time is Sir James
Gibson-Maitland’s Howietoun establishment near Stirling,
from the breeding-ponds of which upwards of 156 gallons
of trout and charr eggs were collected last year, while over
a million fry, besides 2,900,000 eyed ova, were distri-
buted. A model of this establishment is in the Exhibition.
In some countries this direct means of increasing the food
supply has been deemed worthy of Government aid and
support ; in others, as in the United Kingdom, it is left to the
unaided enterprise and exertion of private individuals and
local societies. In 1848 a labourer in Norway, being
obliged to keep at home with a bad leg, used to pass his
time by going to the river-side to catch the fish.
Observing how the trout spawned, he, assisted by his wife,
obtained a pair of fish, and expressed the milt and ova into
water, and then placed such in sheltered spots in streams
where no trout previously existed. Subsequently the eggs
hatched and did well.

FisiH HATCHING, REARING, AND BREEDING
ESTABLISHMENTS.

In selecting water for a fish, or rather trout-cultural,
establishment, considerable care is necessary, or irreparable
mischief may occur. For a cessation of the supply when
the weather is hot may be disastrous to the young fish ;
and, similarly, a freshet may do great or even irremediable
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mischief, unless suitable provision for such an occurrence
has been made. Consequently, the intending fish-culturist
has to be careful to examine the proposed locality as to
whether the water supply during the hottest and driest
period of the year would be sufficient for his wants, because
its value to him is only in proportion to the supply at this
time. Likewise, the heat of the water should be investi-
gated at the warmest period of the year, and a natural
trout-stream be selected if possible; also the possibility of
pollution obtaining access should be ascertained, but a
moderate amount of lime or iron is not necessarily an
obstruction. Spring water, having an even flow with a
low temperature, as’ from 41° to 45° and free from animal
and vegetable life, is often most suited to the hatching of eggs,
and also producing a hardy and firm-flaked young fish.

Having obtained suitable water in an eligible situation,
the next consideration is how to construct the ponds, and
in determining this, the aspect, soil and other local circum-
stances have to be taken into account. But there must be
three main considerations: the hatching department, the
nursery, and the establishment for those which in time are
to supply the market, or be the progenitors of future broods.
Water which suits one of these requirements is not always
suitable to the other—that from hot and cold springs, being
deficient in animal and vegetable life, may be well adapted
to hatch ova in, but not to feed young or adult forms ; while
brook-water full of life, even if charged with sediment, will
be suitable to the young and old fish, but not to eggs;
and it is better to be more careful respecting the supply to
the eggs and young than to the old fish, as the latter are
not quite so sensitive to changes.

The various buildings and ponds are best kept as compact
as possible, and should be securely locked against all
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except those who have business inside, while strangers
should be invariably accompanied by some of the regular
establishment. Unless the various places are strictly kept
under lock and key, the experiments of hybridisation are
liable to be interfered with, and their consequent value
liable to doubt. The ponds are safest if constructed by
excavation, as dams are always liable to accident, while
they must not be too large ; and, if practicable, a fall at the
head of each pond is desirable, but this must be constructed
in accordance with the water supply, and if such is plentiful
and cold, the shape is of little consequence. If the water is
small in quantity and liable to become heated, the pond
should be deep and narrow ; while it should be possible to
draw off the water, in order to repair or clean the pond,
or make any necessary alterations in the fish which it
contains. J
Spawning-beds may be constructed at the upper end of
the breeding-pond, or head of a pond where breeding-fish
are confined ; this consists of a narrow channel down which
a good stream flows, and which should have a gravel bed ;
this chammel should lead down very gradually to the
deepest part of the breeding-pond. In such channels the
breeding-fish may be netted for the purpose of obtaining
the spawn artificially. Mr. Ainsworth, in the United
States of America, conceived the ingenious idea of setting
the trout to spawn naturally, while he could secure the
eggs by means of covering the bottom of the channel or
race with fine wire-cloth screens, of about ten meshes to the
inch, made of zinc or of galvanised or painted iron wire;
these wire screens forming the floor of wooden frames or
trays, which fit into the width of these races, but being
raised about a quarter of an inch above the gravel bed of
the race, so as to ensure a good circulation from below as
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well as from above. A second set of wooden frames or
trays, similarly fitting the entire width of the race, and
having a coarse wire-screen forming its floor, is placed
immediately above the frames just described ; but the wire
netting 15 about two or three meshes to the inch, sufficiently
strong to sustain two inches in depth of coarse gravel
from three-quarters to two inches in diameter, in order to
permit the ova readily to pass through. These upper
boxes have handles, in order to allow their being raised
and removed every few days during the spawning season.
The trout spawns into the coarse gravel on the upper
tray, and as the mother fans up this gravel with her tail,
as she naturally does after depositing her eggs, they
become driven through the coarse wire-netting which forms
the floor of the tray, and consequently drop into the one
beneath, where the wire-netting flooring is too fine to allow
them to pass. On the upper tray having been removed,
the eggs are found in the lower tray and taken to the
hatchery. Due to the rather considerable descent of the
eggs to the lower tray, when a current of water ascends
from below, it would seem not improbable that impregnation
from the male would possibly be in a rather small percent-
age. Mr. A. S. Collins has improved upon Mr. Ainsworth’s
process by substituting an endless apron (plate I, figs. 1, 2, 3)
in place of the fixed wire-cloth in the lower tray, and which
passes over rollers at either end of the tray, and which has
small wooden cross-bars placed transversely at intervals.
These cross-bars are supported by, and, when the rollers are
turned, slide upon an inch square strip of wood nailed to
the inside of the tray. A similar strip, one inch above,
supports the upper tray. The cross-bars keep the eggs
from being carried down by the current, as well as main-
taining the wire-cloth upon the full stretch. By using two
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bevelled cog-wheels the front roller can be turned by a
handle. As the roller is turned forwards, the wire-cloth,
forming the endless apron, moves with it, and the eggs, as
they reach the end of the roller, fall off. In front of this
roller a pan is placed, and receives the eggs as they fall,
and the pan with the contained eggs can be removed at
will. This prevents the necessity of even the hands being
placed in the water, while the spawning fish are not
disturbed.

At the intake of the fish-ponds a gate must exist, per-
mitting the water to be entirely shut off should such a
necessity arise; while the outlet must be of sufficient
dimensions to allow the passage of all the water of the
highest possible flood height, making great allowance for
the clogging of the screens, or even a wide channel may be
advisable, should there be danger of too great a rush of
water. Some prefer planks as the best material for form-
ing the inlets and outlets, others use stone or bricks laid in
cement.

For the purpose of cutting off the fish in a pond from
obtaining access to the stream above or below, screens are
necessary, and which are generally constructed of copper
or galvanised iron, having very small apertures, and
which are securely fixed into the frames, which completely
fill the channel of the outlet or intake, especial care being
taken that it reaches to the bottom. Livingston Stone
recommends 18 threads to the inch for the smallest fry,
4 threads to the inch for yearlings, and 2 to the inch for
two-year olds. To obviate clogging of the screens from
descending débris, a frame may be built out in front of the

screen.
Irrespective of the ponds constructed for the reception of

the fish, buildings will be necessary for the hatching and
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rearing of the eggs, unless they are left incubating in
boxes in the open waters. The water supply is a very im-
portant consideration; that from stagnant ponds, boggy
grounds, or marshes is evidently unsuitable, but each
case has' to be decided by local circumstances as already
remarked. Some prefer obtaining that for the supply of
the hatching-house from a clear lake from which a stream
flows, which should be taken a short distance below its outlet
and with an intervening rapid, which charges it with air.
From such sources the amount and also the temperatures
are comparatively even, and sediment and other deleterious
influences are generally absent. Or brooks supplied by
springs, which are of sufficient capacity to ensure a constant
supply at a moderate temperature, even during the hottest
day. If, however, this water is to be used for young fish,
after the absorption of the umbilical sac or yolk, it should
previously flow for a long distance over an open channel.
Pure spring-water possesses many advantages; thus, at
Howietoun, it is obtained at about a mile from the hatchery,
to which it is led by underground pipes, having settling
ponds every four hundred yards, and this obviates the
necessity of employing filters, while the temperatlire of the
water is very equable. River water, if clear, may be em-
ployed, but it is liable to drought as well as to flood, and
often carries down ice in winter, or leaves, sticks, and other
débris.

The site of the hatching-house should be selected near to
where a good head of water may be obtained, while the size
of the building must correspond to the amount of woer which
it is proposed to carry on within. The walls should, if
possible, be very substantial, and a considerable slope should
be present from the upper to the lower end, in order that the
hatching-troughs may be placed in a stair-like sequence
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(plate I, fig. 6), the front one being slightly below that
from which it receives its supply of water. In very cold
climates it is advised that, in order to prevent the forma- =
tion of ice, the house may be constructed partially under-
ground or on the lee of a bank. As a rule, the room keeps
comparatively warm and of a much higher temperature
than the outer air.

The supply reservoir is most important, and should be
constructed of the most durable material and best work-
manship. All descriptions of dirt and débris should be kept
out, light likewise should be excluded. In some places it is
necessary to dam streams in order to obtain the requisite
head of water ; but there must always be a danger, especially
if the dam exceeds two feet in height, of its giving way.

The conduit along which water is conducted from the
supply reservoir to the hatching-house has to be especially
considered, its duties being most responsible, as should it fail,
the death of all the ova may result. Some fish-culturists re-
commend that it should be capable of carrying twice or even
thrice the amount required, in order that the water may be
aérated while in transit ; while it may be constructed of wood
charred along the inside, in order to prevent the generation
of fungus there. The conduit may be open or covered at
the top, and, if the latter, the intake had better be guarded
by a screen, to prevent the intrusion of any foreign bodies
which might choke the pipe. Owing to the injury caused
to the eggs of salmonida by deposits of sediment, which, if
left undisturbed, kills the embryo, or causes it to be weak
or even deformed if hatched, great attention has generally
to be paid to the filtering of the water. Some springs, such
as the one employed at Howietoun, are sufficiently clear for
filters being unnecessary ; but int others, although apparently
clear, still sediment is being deposited, which, if it does
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not destroy the embryo, is considered to often occasion many
deformities.

Where filtering is required the water from the conduit
may be conveyed into a tank termed the settling tank
where the heavier dirt subsides. A conduit conveys
water from the upper part of this tank to the hatching
house, where filtering can be carried on in several ways.
Some make the water pass through a bed of gravel, but
usually flannel filters are preferred, and these consist of
flannel fitted into a light wooden frame-work which slides
into grooves placed for the purpose along the inside of the
filtering-tank, and which slide is at an angle of about 45,°
having the lower end up stream ; should the filtering trough
be about 18 inches deep, the top of the filter ought not to be
above 15 or 16 inches in height or it will occasion a slight
heading of the water; care must be taken to keep these
filters - clean, changing them when necessary. Having
passed through as many filters as are deemed requisite, a
communication some inches below the surface leads the
water into the head or water-supply trough which lies side
by side and goes across the hatching-house, and at right
angles are the hatching-troughs, usually placed in pairs, with
an intermediate space to allow the attendant sufficient room
to obtain access to the eggs. Water passes from this
distributing trough into the upper of the hatching troughs,
~ which latter are long and shallow, being from 6 to 8 inches
deep, and from 8 to 12 wide, having a short portion at
the upper end, where the water enters, screened off by a
piece of perforated wire screen, and a similar screen at the
lower end ; these should be carefully fitted in to prevent fry
escaping or anything but water passing. These troughs
may be constructed of various materials, as slate, stone,
pottery or wood ; and should the latter be selected, odorous

VOL. II.—H. D
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forms must be excluded, being fatal both to eggs and young
fry. The cheapest and apparently best material is wood
thoroughly charred, which process renders it free from
fungus, besides having a purifying effect on the water. These
troughs are arranged in flights so that a fall exists between
one trough and the next, as shown in Slack’s hatching grill
(see plate I, fig. 6). Should the water be deficient in aération
short ones should be employed. A light, loose, wooden
cover should be furnished for each, in order ‘to exclude
light and enemies to the ova and fry.

When artificial hatching of the eggs of the salmonide
was first commenced, they were almost invariably laid
down upon clean gravel, a layer of which, about 1 inch to
1} inch in depth, was laid evenly at the bottom of each
trough, the size selected being that of a very small pea or
even slightly less. The gravel was sifted to the requlred
size, washed and even boiled.

Glass grilles, although expensive, are generally approved
of, more especially when the questions of space and cost
are less material than the raising of strong and healthy fry.
They may be employed in troughs composed of any of the
substances already alluded to, and are well adapted to those
made of carbonised wood. A wooden frame (see plate II., fig.
8, illustrating the Howietoun plan, and the method of fixing
the glass tubes, fig. 9) may be constructed to fit that portion
of the trough where the eggs are to be hatched, and glass °
rods or tubes are fixed across the under surface of the entire
length of this frame, which may be done by means of a
strip of perforated galvanised network. A ledge of wood an
inch deep prevents this frame of glass grilles sinking to the .
bottom of the trough, while a wooden catch keeps it from
rising above the desired level, and this secures ‘a current
below the grilles as well as one above them. The eggs are
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distributed, by means of a feather along these rows of
grilles, and any that are dead are immediately observable,
irrespective of which the stream does not congregate them
together in masses as is always to be feared unless me-
chanical obstacles intervene.

Livingston Stone remarks that simple charcoal or car-
bonised troughs are equally as efficacious as grilles and
infinitely more economical. He considers the first to be
the thing for business, and the second more suitable to the
rich man’s experiments.

Many other descriptions of hatching apparatus for eggs
of salmonidae have been employed with success ;! some of
them likewise effect a great economy in space, but it generally
occurs that, if the amount of water is curtailed, weak young
are the result. At Howietoun, where the average tempera-
ture of the water is from 41° to 45° Fah,, Sir J. Gibson-
Maitland is in favour of a supply of not less than ten gallons
a minute to every 100,000 trout eggs, while, by increasing
the flow during the latter stages of incubation, fully g9 per
cent. can be hatched, and very nearly as successful results
with the eggs of the salmon, the difference being probably
due to the difficulty of obtaining perfect impregnation in
the case of ova taken from wild fish.

The following apparatus for hatching the ova of Sal-
monide is exhibited at the Fisheries Exhibition by Mr.
Oldham Chambers, its inventor. It consists (see plate IV.,
fig. 26) of a long box 6 feet or more in length, 18 inches
in width, and 12 inches in depth,

The eggs are deposited on perforated zinc trays 13
inches long, with about two inches of water over each.
The supply-pipe is fixed under the bottom of the box,

! Metal substances, unless sufficiently coated to prevent rust or
absorption from their surfaces, are unsuitable.

D2



36 FISH CULTURE.

and has T pieces inserted in it under the centre of each
tray, in which are screwed rose-jets level with the inside
bottom of the box : this causes a complete circulation and
distribution of the water before it reaches the eggs. The
inventor claims economy in construction, as well as in the
quantity of water used; and as it is upon the underflow
principle, great cleanliness to the eggs is the result. The
whole of the wood work is coated with a silicated pre-
paration which entirely prevents any fungoid growth.

In the United States, Canada, &c., wire trays are exten-
sively used for hatching fish eggs, these may be fixed to light
wooden frames which fit the troughs, and are coated with
asphalt varnish in order to prevent fungus growing on the
wood or the wire from rusting. The trays may be in
single, double, treble, or even quadruple tiers. In the
United States section are several models, to some of which
I purpose referring.

GARLICK’S HATCHING-BOX patented in 1851.—A simple
trough, of which the bottom is covered with pebbles,
on which the eggs remain until hatched, the water
entering through a spout above and passing out through an
opening protected by wire-cloth at the lower end.

Length, 18 inches ; width, g inches ; depth, 6} inches.

This is the first form of hatching apparatus used in.the
United States. It was adopted by Dr. Garlick, who may
justly be called the father of fish-culture in America.
Though simple, the results obtained by its use were very
satisfactory.

ATKIN'S HATCHING-CRATE.—A frame of metal and wood
with hinged cover, which incloses a nest of 9 egg-trays.

Length, 12 inches ; width, 12 inches; depth, 7 inches.

This crate is used chiefly for hatching eggs of the
salmonide., The trays are provided with corner strips of
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wood, which separate them slightly from each other to
allow free circulation of water, though the spaces are not
large enough to allow the escape of eggs. ~ These crates can
be placed either in the open stream or in ordinary troughs.

A section is shown of the Clark hatching-trough, invented
in 1874. It is supported on wooden standards,. showing
two compartments complete. Each compartment contains
a hatching-box, the bottom of which is perforated with
holes and raised slightly above the bottom of the trough by
means of wooden standards to allow the escape of water
from beneath. Each hatching-box contains 12 trays of
wire-cloth, on which the eggs remain during their develop-
ment. A Clark trough usually contains 10 to 20 compart-
ments, each being separated from the adjoining one by
means of a partition, which is notched at the centre, and
provided with a tin spout for conducting the water. The
trough is placed at a slight incline, and the water, entering
the first compartment, passes down through the trays of
egg$ out at the bottom of the hatching-box and up around
its sides and ends on its way to the second compartment,
all of the water passing through each box before it finally
leaves the trough.
- HoLTON HATCHING-BOX, invented in 1873, consists of
a square wooden box, with a tin bottom sloping downward
and inward toward the centre, where the inflow opening is
situated. Just above this is a rectangular piece of tin,
against which the water impinges as it enters, thus being
deflected toward the sides. The box is provided with
eleven trays of wire-cloth, each separated from the other
by the wooden frame to which it is attached.

Eighteen inches square and 12 inches deep; outside
measurement, including base and waste-trough, 22 inches
square and 20 inches deep.
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The water enters the buckets through a tube which
extends from the top around the side to the inflow opening
at the centre of the bottom, from which it passes up
through the trays of eggs into a trough at the top which
conducts it to the outflow spout.

This is one of the first forms of apparatus by which an
upward current of water was utilized, and the inventor
claimed for it many advantages over other systems. These
boxes are often so arranged that the water passes through
a series of 20 or more, each box being a trifle lower
than the preceding one and the outflow of the first
communicating with the feed-pipe of the second.

FERGUSON HATCHING-JAR (plate III, fig. 20), invented in
1876, consists of a cylindrical jar of glass, with a contraction
near the base, which serves as a support to the 7 wire-cloth
egg-trays which it contains. It has two circular openings on
opposite sides; one at the bottom for admitting the water,
which passes upward through the eggs and out through
the second opening, which is situated at the top. Height,
12 inches ; diameter, 8 inches.

For economy of water, the outflow-opening of one jar is
connected with the inflow-pipe of the next by means of
rubber tubing. By this means the water passes through
an entire series of jars before it finally escapes. The jar is
used chiefly for hatching eggs of the salmonide. It holds
about four thousand salmon egg$ or six thousand trout
eggs.

BUCKSPORT HATCHING-TROUGH.—This is a section of a
. hatching-trough showing two compartments complete, with
nests of trays. Each compartmeﬁt contains a frame which
is closed when in use, but can be opened for convenience
in removing them.

Length, 31 inches ; width, 15 inches ; depth, 17 inches.
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Employed by Charles G. Atkins, of Bucksport, Me., for
hatching eggs of various species of salmonidz.

The method employed by the Canadian Commissioner,
Mr. Wilmot, differs in several details from the plans pursued”
in other countries, the varnished perforated tin trays which
are used combining either to form a vehicle for conveying
or else for hatching ova. When for the first purpose, they
are covered with flannel or other suitable material ; but
if for hatching purposes they have their sides and bottom
perforated. These tin trays are painted with paraffin
varnish in order to prevent rust, and this is yearly re-
newed ; their dimensions are 10 X 15 inches long, with a
partition along the centre.

The trays are placed in the usual manner inside the
hatching troughs, resting upon a wooden edge half an inch
high, which prevents their reaching the floor of the trough,
and thus permits a current of water passing below as well
as through and over them. If necessary, these trays may be
placed one above another in the troughs, thus economising
space. Filters are not generally employed ; but should any
deposit be observed, the water at the inlet is shut off, and
a plug removed from an opening at the lower end of the
trough by which means the eggs are run dry; then by
using a common watering-can the dirt is washed off
and subsides through the perforated bottom of the tray,
and becomes carried away by the underflow through the
plug-hole already referred to. The plug-hole is surrounded
by a circular screen of perforated zinc, this form being
found- most useful in preventing young fish from being
carried by the current against this construction, and having
their yolk sac forced inside the perforated orifices. The
overflow pipe being thus unguarded, the water from the
trough is received into a tin bucket, the upper half of
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which has perforated sides, in order to permit an easy
escape of the water descending with it, while across its
centre is a removable tray which breaks the force of the
current, while the avelings obtain access into the space
below it. Existing at the bottom of this bucket is an
orifice secured by a cork, so that when opened it allows
the imprisoned young fish to be removed, without handling,
or injury of any kind, into any suitable place.

The eggs having been deposited in the trays, troughs, or
whatever mode it has been decided to adopt, are left in
the hatching-house to develop into young fish. They have
to be kept in suitable water and left to mature, the following
sources of danger being guarded against :—Sediment in the
water, and living foes which have already been treated of;
also fungi of which there exist two principal forms: the
first has to be kept at bay by means of charring the wood,
for, if it once commences, all the eggé will be lost, or the
young when hatched will be sickly and worthless; it
sometimes shows itself when the cause producing it is
obscure. Dirty water will not invariably bring it, nor clean
waterkeep it away. Ifeggs coalesce into masses they should
be carefully examined, and the presence of fine threads
floating among them shows fungus. Increasing current of
water and shutting out all light are the best means
for retarding its progress. The second form of fungus,
known as byssus, is a product of decaying matter in the
water, and is found in eggs which have perished and began
to putrefy. It develops long tendrils, which it spreads out
in every direction and causes the death of the eggs so
touched ; this renders it necessary to pick over the eggs,
carefully removing such as are of a dull white, for they
should not be allowed to remain above twenty-four hours in
the troughs for fear of contaminating those in their vicinity,



FISH CULTURE. 41

There are other reasons which account for the dead eggs,
thus such may be due to want of impregnation, which,
although usually commencing to be seen a few days after
being placed in the troughs, may not be observed for several
weeks. Several plans are in use for removing dead eggs: as
a bulb-syringe, or a miniature spoon, tweezers, or nippers
made of fine steel wire. The time required for hatching
trout eggs has been found by Seth Green, in the United
States, to be that at 50° Fahr. they take 50 days; and
every degree warmer or colder makes five days’ difference
in time, the warmer shortening, the colder lengthening it;
also, if fish are hatched in 50 days, the yolk sac remains 30.
more: if hatched in 70 days, the sac remains 45 more.

The normal period eggs take hatching is found, when the
water is kept at about 4410 degrees, to be as follows at
Howietoun :—Salmo fario, 71 days; S. levenensis, 72; S.
Sontinalis, 73; S. levenensis, crossed by S. salar, 75 ; and
S. salar, 77 days. But, as already observed, lowering
temperature delays hatching, increasing it hastens such on,

ON OBTAINING OVA OF SALMONIDA.

There are three sources from whence the necessary
supply of ova can be obtained, and these are either from fish
living in a wild condition, robbing the redds in the rivers or
streams, or else from such (as trout or charr) as are
purposely kept in breeding ponds.

At Howietoun breeding fish are fed with clams, com-
mencing in January and during the spring, in order to
assist in developing the eggs, which commence ripening
about October. If eggs are taken from late fish a whole
summer is nearly gone before the yolk sac is absorbed, or
a year all but lost. When clams are not to be obtained
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mussels, (Mytilus), may be employed, but they cause much
additional labour in extracting the mollusc. They are
scalded for this purpose.

The mode of spawning fish, similarly to every other
occupation, tequires time in learning, while the experienced
and careful fish-culturist will obtain a larger supply of eggs
from the ripe fish, and such will likewise be in a more
favourable condition for hatching, than will an inexperienced
or careless manipulator. Prior to the spawning season care
should be taken that everything is in an efficient state and
good working condition. Asthe spawning season comes on
the colours of the male fish become brighter ; the lower jaw
of the male of the salmon and trout becomes furnished at
its extremity with a cartilaginous hook ; the proportion of the
head to that of the body becomes apparently longer, and
they commence to decline food. The female becomes
larger, and distended with spawn, but does not assume such
bright colours as the male, although like him she goes off
her feed.

Salmon for breeding purposes must be captured in their
natural haunts, which is often a proceeding of no little
difficulty. If they have ascended small streams they may
generally be readily obtained, but this is not-so easy upon
fords of larger rivers. The local difficulties and the exact
period for commencing work are subjects upon which the
best local advice should be acted upon; but even then
sudden storms and atmospheric changes may render
abortive the best laid plans. It has been observed that in
this family, when in a wild state, the number of male fish
captured in the breeding season is largely in excess of the
females ; whereas in breeding ponds, it appears among trout,
as if the males do not live so long as those of the other sex,
and consequently the females are the most numerous.
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Salmon and trout generally resort to their breeding-
grounds a few weeks prior to depositing their eggs, which
process is usually completed between November and
March.

Having captured what appears to be a breeding salmon
in a suitable condition—such may be ascertained by
exercising a little pressure along the abdomen, when milt
from the male or some ova from the female will be
extruded—occasionally in the latter sex a little coaxing is
necessary, as she will not always yield it at the first
pressure. If the ova are not quite ripe, the abdomen,
though distended, will be felt hard and somewhat un-
yielding, whereas in ripe fish it is soft, and the ova can be
felt moving under the pressure of the hand. It may be that
ripe females are present but no males, and consequently it
becomes necessary to consider whether females in this
condition can be retained so for any length of time ; in some
localities they may be placed in small contiguous pools, or
tubs, or such like conveniences, or even secured by means
of a cord being tied around the tail. The same proceeding
may be adopted for the male fish, while it is always
desirable to retain one or two of this latter sex in reserve,
or milt may be kept closely corked in a phial for several
days until required, it having been found to be fertile up to
the sixth day. At Howietoun it has been shown that
among trout and charr the extrusion of milt or ova can be
retarded by placing the fish in a smooth box through which
a stream of water flows, thus"apparently demonstrating that
external pressure is necessary, and from a rough surface ; in
short, that mechanical assistance is required for the extrusion
of the eggs. The apparatus for spawning fish is not very
extensive :—A shallow tin or earthenware pan for receiving
the eggs and milt, the latter being furnished with a de-
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pressed spout for the purpose of passing them into the tin
carrying-can, this latter having a perforated lid. A jug for
clean water is likewise required, and a dry cloth is useful for
the purpose of securely holding the fish. A large salmon
is a difficult object to keep steady, often requiring as many
as three persons : some operators prefer to grasp the head of
the fish between their knees.

The fish is held with its body somewhat sideways, its tail
downwards, and its abdomen slightly turned towards the
operator (plate IV, fig. 21), while the*pan to receive the eggs
is placed as near as possible to the vent. Gentle pressure
is exercised on the fish, commencing from the ventral fins
and passing downwards towards the vent. Should the eggs
not appear it does not always follow that the fish is not
ripe, and operations on it should be suspended for a few
minutes, when it will sometimes prove more accommodating.
If, however, it is not quite ripe it may be kept for a day or
two, or even more, in a suitable place in order to allow the
eggs to mature ; but force is never to be employed ; for if
by such means immature eggs are extruded the produce
will be valueless, and the old fish perhaps mortally injured.
Having obtained ova or milt the fish should be gently
retransferred to the water, and no deleterious consequences
follow the operation.

ON THE TREATMENT OF OVA,

There are two processes, either of which may be adopted
when spawning winter fish, the moist or water plan, and the
- dry, so termed because, in the first or old process, some
water is placed in the pan which receives the eggs as
pressed from the fish ; for fish culturists used to consider
that if the eggs and milt were mixed together in water the
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operator would be more closely following the natural process.
The dry process, on the other hand, dispenses with water, the
eggs being pressed directly into a dry pan ; over these eggs
the milt of the male is distributed, and the pan is now
tilted at its ends and gently shaken ; after giving the eggs
and milt time to mix, water is poured in to the depth of
two or three inches, and stirred with the hand, and allowed
to stand until the ova harden or “frees,” as the Americans
term it, a period of from } to £ of an hour, according to
temperature, taking longest in cold water. For the eggs as
extruded are soft, and adhere to whatever they come in
contact with, evidently consequent upon the absorption
which is going on through the micropyle. Water becomes
gradually imbibed, and when the interspace between the
outer and inner coat is filled, absorption, as a consequence,
ceases, the egg no longer adheres to surrounding objects
but frees itself, and is a hard, round elastic body. As soon
as this is accomplished, more clean water is gently poured
over the eggs, and when it is no longer discoloured they
can be transferred from the receiving to the carryiné-
can, which transferring, however, should not take place too
soon, while the eggs must be properly cleansed, or some
effete milt will remain and cause injury to the eggs in the
hatching boxes. The most fertilising milt appears to be
such as is of medium consistence, neither very thin nor
very thick.

Under the moist or water process the average success in
fertilising eggs probably rarely exceeded fifty or sixty per
cent, while it frequently was much less. M. Vrassky,
in 1856, inaugurated the dry process for reasons already
detailed, since which as much as ninety-five per cent, of
successful eggs have been of no uncommon occurrence,
When the labour of separating dead eggs in the incubating
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boxes is considered, and which has to be carefully done
and each separately removed, it is a subject of great
consequence even on the score of labour alone.

The variation in the colour of the eggs of trout can
hardly be deemed hereditary, or due to the food which they
consume, or to the colour of the flesh of the parents, as
some observers consider ; for the Lochleven breed, reared in
Sir J. Gibson-Maitland’s ponds, of the same age, fed on
the same food, and descended from the same stock, show
pink, coral, yellow or white eggs. s

The hardened eggs are now transferred to the carrying-
can in the proportion of one third eggs to two-thirds water,
and the whole removed to the incubating-house, where they
are gently spread and distributed with the aid of a feather
over the hatching-troughs. Trout eggs are similarly treated
to those of the salmon, but are more readily handled, owing
to their smaller size.

Grayling ova are more difficult to procure than those of.
the trout, owing to the brief period during which these
fishes spawn, which generally commences about March or
April ; the rivers where they reside are always liable to be
in flood, and consequently no delay should occur in securing
ova as soon as possible after the fish have resorted to the
shallows to breed.

Other things being equal, the shorter the distance and
smoother the conveyance between the spawning ground
and the troughs, the greater are the probabilities of the
eggs hatching in a satisfactory manner and producing a
robust race of fish.

At the McCloud river, in order to transport S. guinnat
eggs across the North American continent, they were
packed in moss, which on arrival is washed and twice
picked over very carefully. The outside packing is of
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sawdust, hay, or dried ferns; a layer of moss and one
thickness of mosquito net are first placed for the eggs to
rest on, and so all the way up.

Ova have been transported long distances with complete
success, as from Europe to the Australian colonies, Canada
and the United States, and likewise from the last two
countries to Europe. In the year 1854 Mr. Youl's attention
was first directed to this subject, and he came to the con-
clusion that, in order to convey salmon to Tasmania, the
ova or small fry alone could be successfully carried through
the tropics ; but it was not until 1862 that a conclusive
experiment was undertaken. Having seen in Paris moss
used for packing salmon ova, and in which they travelled
short distances with perfect safety after their eyes were
developed, on March 4th, 1862, Mr. Youl packed some in
moss within a wooden box, made of inch pine, and having its
sides perforated : this he deposited in the centre of the ice
in a vessel in which an experiment was being carried on.
Contrary winds and misfortunes were met with, and on
May 8th, the ice being very low, the box of ova came into
sight, and nineteen living ova were found surviving. Nine
days subsequently the ice had all melted, and the ova
perished seventy-four days after leaving London. Experi-
ments were tried in the Wenham Lake Ice-vaults in London,
when it was conclusively shown that the hatching of salmon
ova could be retarded to the 144th day. Since then eggs
have been safely conveyed in ice to Tasmania and elsewhere ;
and the possibility of retarding hatching, even to so late as
the 148th day, has been proved. This retardation of hatching
has also been employed for the purpose of delaying the
incubation of some forms of eggs, until sufficient room exists
in the hatching-house for their reception, and thus several
relays may be successively hatched in one operation.
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Experiments were made in Austria (O-U. Fischerei-
Zeitung, Vienna, 1880) by Max von dem Borne, respecting
dry fertilisation of salmon ova (or such as had not been
brought at all into contact with water), and their develop-
ment thereby delayed, could be more readily transported
than if brought into contact before their journey, and
transported during the first condition of embryonic sub-
division. Some salmon eggs and milt were transmitted
from Basle together in a hog’s bladder without the addition
of any water. This was done twice, and with them at the
same time a number of eggs treated and hatched in the
ordinary manner. The journey lasted three days, and the
temperature was high, in spite of which the dry packed
eggs both times arrived in good condition and were of a
beautiful red, while the eggs treated in the ordinary manner
were almost all dead and of a very pale colour.

The best time at which to transport eggs is undoubtedly
after the eye has become visible, when they may be sent
in damp moss. At Huningue the mode used to be to take
a wide-mouthed bottle at the bottom of which was placed
thin layers of damp moss, above this a thick layer of eggs.
Again a stratum of moss followed by another of eggs, and
so on up to the top of the bottle, the neck of which was filled
with damp moss. The bottle was tied over with a cover
of paper full of fine holes in order to admit the air. One
or more bottles were then closely packed in a box with
damp moss, while an outer case, having an inside lining of
wet moss, received the smaller box. In warm weather a
little ice was mixed with the moss. Grayling eggs hatch
so rapidly—as within three or four days after the appearance
of the eyes in the eggs—that they are transported with the
greatest difficulty.

Several plans for transporting the eggs of Salmonide are
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exhibited in the United States Section, and the plans may
be summed up as defined by Livingston  Stone, that they
do not require much water but plenty of air, consequently,
when hatched in wet moss, these conditions are supplied.

GREEN’S' TRANSPORTATION-Box (Model).—A wooden
box containing eight cotton-flannel trays for holding the
eggs.

Nine and one-half inches square ; height, 11 inches.

Trays, 7 inches square, inside measurement.

In imitation of Clark’s trénsportation box.

ATKIN'S TRANSPORTATION BoXx (plate 4, fig. 25)—
A wooden box containing four smaller boxes, in each
of which 15,000 salmon eggs are placed upon layers of
muslin. : '

The space between the larger and smaller boxes is filled -
with hay to prevent an unhealthy change of temperature,
and the layers of eggs are separated from each other by
wet moss. Eggs packed in this way can be sent several
thousand miles with very satisfactory results.

MODEL OF ANNIN'S EGG-TRANSPORTATION BoX.—
This apparatus consists of an outer case which contains
a smaller one, surrounded by sawdust, to prevent loss of
eggs from sudden change of temperature. The inner case
is provided with eight trays, with cotton-flannel bottoms,
for holding the eggs. The tops and bottoms of both the
inner and outer boxes have small openings, by means of
which the eggs can be kept moist, the water being thrown
upon the top of the box and allowed to trickle through the
eggs on its way to the bottom. There is a small ice-
chamber between the. tops of the outer and inner boxes,
and the bottom of the outer box is provided with wooden
strips, to prevent its coming in contact with the surface on
which it rests, which would prevent drainage. Boxes of .

VOL. IL—IL. E
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this pattern have been used by Mr. Annin for sending eggs
of the brook-trout to Europe.

MATHER’S TRANSPORTATION CRATE.—A wooden box
with a grating of the same material separating it into
two compartments, the upper serving as an ice-chamber,
while the lower contains thirteen cotton-flannel egg-trays.
The ends of the four pieces which compose the frame
of the tray extend an inch beyond the point of inter-
section to form an air-chamber on each of the four sides
of the box, thus giving a free circulation. There is also
a slight space between each tray, and a larger one at
the bottom. A box similar to this one was used in
sending salmon-eggs from America to Europe.

On opening a package of fish eggs, should they be
packed in moss, the bulb of a thermometer ought to be
inserted under several layers of eggs, being careful to admit
as little air as possible, and should be left there covered
over for about a quarter of an hour. Should the tempera-
ture be within 6° Fahr. of that of the water in the hatching-
troughs, the eggs may be deposited in these; but should
the difference be 6° higher or lower, the carrying-box should
be drenched with water of intermediate degrees, so that the
temperature may be gradually assimilated, and not until this
is completed should the eggs be transferred to the hatching-
troughs. If there is not sufficient time to unpack all
the eggs on receipt, the carrying-boxes should be placed in
a room of uniform temperature, but they should never
stand in water. Eggs are not injured by exposure to air,
provided they do not become dry, or warm, or freeze.

When the eggs are about to hatch they require consider-
able attention, for in some the process of emerging from
the shell is more easily gone through than it is in others.
Generally, if the eggs are small, it has been observed that
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the young emerge tail first, while in the larger ova they
split down the line of the back, and the fish may frequently
be seen with its head covered by a portion of the shell ; this
occasionally causes suffocation. Some come forth strong
and lively, others weak and listless ; and these weakly ones
have not the chance of growing to a fine healthy trout that
the more vigorous ones have. Occasionally a slight assist-
ance is necessary, in order to assist the embryo from its shell.
As the young begin to move about, care may be necessary
that they do not congregate in too large numbers in one
place: to prevent this, some fish-culturists insert screens.
During the period the yolk sac remains unabsorbed, and
which varies from three weeks to three months after hatch-
ing, according to the temperature of the water, these young
fish, which are termed “Alevins,” carry their food about
with them, and are not difficult to keep alive if proper
supervision is exercised.

TREATMENT OF YOUNG FisH,

While the hatching process is going on, the free use of
the watering-can has been recommended to clear the bed
of the trough of the numerous egg-shells. After a few
days the Alevins seek dark places for hiding in. Some
fish-culturists keep them in very shallow water with a
strong ripple, others employ deeper water with a slow
current. Now they seek every crevice, and push into any
cavity they can find, and care has to be taken that no spot
exists where they are able to find a hiding-place which
will prove fatal to their existence. After the young fish
have absorbed about half the yolk sac, they appear to re-
quire more air and follow the stream upwards, and great
vigilance is necessary to sec that they do not escape. But

E 2
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they avoid water which is disturbed, and doing this with a
feather, or pouring in water, often has the desired effect of
driving them elsewhere to seek a quieter spot. Alevins
live a long time in water which is unchanged and has no
current passing through, consequently at this period they
can be transported with comparative ease.

At Howietoun the Alevins are fed for about a week or
fortnight before the yolk is entirely absorbed; the food
given being the yolk of nine eggs to one pound of beef|
these are pounded together and pressed through a fine
sieve.

After the umbilical sac has been absorbed is perhaps
the most dangerous period for these fish, for up to then
they have subsisted upon its contents; but the period has
now arrived that means have to be adopted to feed these
delicate little creatures until they are sufficiently grown to
be able to feed themselves. After a short time the little
fish commence attempting to spring out of the trough,
demonstrating that they ought to be turned out into
larger pieces of water. Now the young begin to seek
subsistence for themselves, and instead of congregating
appear more desirous to separate one from another ; they
commence to raise themselves off the ground and balance
themselves in the water, as well as to take any food which
is offered. When they begin feeding, they may have
a meal twice on the second day, and subsequently four
times daily for a couple of months, when by degrees the
feeding times may be reduced to twice daily until the cold
season sets in. These very young fish can only take the
finest particles of food, and different fish-culturists have
each their own views on the subject. Livingston Stone
observes that young living perch and suckers would pro-
bably make the best possible food for the very young trout-
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fry, and could be obtained in vast quantities ; but if artifi-
cial food is employed, he advises liver, and curd made from
sour milk, mixed in about equal proportions, or, still better,
with two parts liver and one part curds. The curd should
be made as fine grained and moist as possible ; while the
liver should be reduced to the smallest possible particles,
for which purpose he recommends grating the liver on a
tin lemon or cheese-grater which has small holes not above
one-tenth of an inch in diameter. This may be placed on a
fine screen and thus fall through to the fish below. Or yolk
of eggs boiled half-an-hour, and subsequently finely pow-
dered, but this rapidly becomes stale if unconsumed. Curds
or eggs alone will not be good food for the young fish, but
liver may be employed without any addition. Their diges-
tive powers are great, and there is more fear of over than
of under-feeding the fish ; but should the food bein too large
pieces there is danger of their being choked. Care must
be taken that no refuse food remains to putrefy. Professor
Haack advises that when natural food is not present, the
larve of gnats, and also of the Daphnia, Cyclops, &c.,
should be employed, and which can be skimmed off stag-
nant waters, as ditches, pools, &c., with a fine muslin
skimmer. At Heningen, two children, at work twice a
day, obtained sufficient to feed from twenty to thirty thou-
sand young fish.

Unless the hatching-troughs are very large, the young
fish will require thinning out, or they will be in excess of
the necessary space. The fry will divide into two sets, the
larger taking the best locality and driving off the weaker
ones, which will herd by themselves, and, unless specially
attended to, will not grow at the same rate as their stronger
relatives. If very weak, they may be pressed against the
lower screen. Should they commence dying, due to
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putrescence of the water consequent upon the subsidence
of unconsumed food to the bottom, the best remedy is
common earth, as shown by Livingston Stone.

If the fry are removed from the hatching-troughs, they
should be located where there is a sufficient supply of fresh
water and shade under which they can remain, and kept
from foes and fungi. This can be effected in a rearing-
box, ponds, or other suitable locality. In some places, so
soon as the young fish have absorbed the yolk sac, they are
turned into suitable spots in order to stock rivers; but it
occasionally happens that the desired results are not
fulfilled so completely as was anticipated. The fact
possibly may be that the young were of weakly con-
stitutions, and turning such fish into streams might
perhaps only end in their dying there, or being eaten by
their foes,

THE “THOROUGH” VASE (see plate 4, fig. 28), for
the rearing of salmonide, as designed by Mr. Oldham
Chambers, is to be seen in the Exhibition. It is circular
in form, the water being admitted through a pipe passing
round the inside of the vase about two inches under water ;
this pipe is pierced with holes at an angle of 45 degrees,
the pressure of water gives a centrifugal motion to the
current, thus causing the young fish to “head on” to the
stream. As soon as the young fish have lost their um-
bilical sac, they are placed in the vase and fed with finely
chopped liver, the peculiar motion of the water causes the
food to be held in suspension longer than with most other
forms of feeding apparatus.

The overflow passes through perforated zinc inserted in
the bottom part of a tube, fixed in the centre of the vase
to prevent a vortex, inside which is a standing waste-pipe,
and, by lifting up the latter, the vase can be cleaned out
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in the space of two minutes, without endangering the lives
of the fish, as they are all protected by the perforated
zine.

Another feature of great importance is the small amount
of water consumed by the apparatus; a stream not larger
than a pencil is sufficient to keep 10,000 fry alive in a vase
two feet diameter for several months.

STOCKING PIECES OF WATER.

Should it be intended to stock pieces of water, Sir J.
Gibson-Maitland observes that eyed eggs may be turned
down into artificially and carefully constructed redds,
scattered all over the district in close proximity to the
best feeding grounds and ripples for the fry. Such absolute
purity of the water flowing over the redds is not required
for eyed ova as it is for the eggs prior to this period, still
discoloured water should never be employed. It is also
requisite that the redd be situated near a stream of less
pure water, as the absence of fine particles, so necessary for
the health of the embryo, is not satisfying to an active
young trout of a few weeks old. A natural river
temperature of 50° will, as a rule, produce ample food for the
young fry. Prior to the absorption of the umbilical sac
they should not be placed in ponds or muddy water. They
will not bear much handling, but bear carriage very well : a
40-gallon tank being sufficient for the conveyance of about
15,000 which have been feeding for more than a month,
except for very long journeys, when a supplementary small
tank requires to be added, which altogether saves the
necessity of handling the fry. They can be reared in small
properly constructed ponds, and subsequently turned into
deep water.
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Pieces of water may be stocked with trout, for which
purpose either eggs or young fish may be obtained from
a breeding establishment. It is highly desirable, prior to
receiving such, that a careful examination should be made
that the nurseries do not contain their enemies, as bull-
heads (Cottus gobic), which will eat them as rapidly as it
can find them. At the Howietoun fishery it is suggested
that streams with sediment in the water, or a liability to
floods, are unsuited for depositing ova, and fry are recom-
mended instead. i

The time necessary for preparing young trout for transport
varies from three or four days in the case of yearlings, to
as many weeks for large examples. The yearlings are
sufficiently strong to find their own food, thus avoiding the
principal cause of mortality among fry, which is starvation,
They soon accommodate themselves to new pieces of water.
Two-year-olds succeed best where coarse fish or large fish
already exist in the water. It has been found that there is
no difficulty in conveying trout in iced water for any journey
not exceeding twenty-four hours. That unless the water
which is to be stocked is of similar temperature, some loss
will arise from inflammation of the gills; they are con-
sequently carried best in cold weather.

Many different plans are in use for conveying fry from one
locality to another, several of which will be found in the
United States Section.

CLARK’S FISH-TRANSPORTATION CAN.—A cylindrical
tin can with 20 circular trays of perforated tin.

Diameter, 6 inches ; height, 9 inches.

The trays rest one upon the other, a tube which extends
from the top to the bottom of the can passing through the
centre of each. The water is introduced through this tube,
passes to the bottom, and up through the eggs, on its way to -
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the outlet near the top ofthe can. Each tray will accommo-
date one thousand salmon.

Stone’s conical transportation-box is a model 12 inches
high, 11 inches in diameter at its base, and 6 at its top.
It is a truncated cone of tin, with a perforated cover,
capable of holding ice for reducing the temperature of the
water in the can.

This can is used in transporting of various species of
salmonida. Its principal advantages are derived from its
peculiar shape, which, according to the inventor, facilitates
the aération of water, Cans of similar shape with the cone
produced into a long funnel-shaped cover are frequently
used.

STILLWELL’S AERATING PUMP.—A tin tube, the lower
end of which is incased in perforated tin to prevent the
fish from being drawn into it. The spout is also provided
with a covering of perforated tin, and the water, which is
forced through, is broken into a great number of minute
streams or jets, thus giving complete aération.

This pump is used in aérating the water in which fish are
transported, when it is not convenient to procure a fresh
supply. In aérating, the pump is inserted in the mouth of
the can, and the water is pumped up and forced through the
ﬁerforated tin spout, falling back again into the can.

Irrespective of growing young salmon or trout for turning
out into suitable waters for their breeding, some at least
may be kept in ponds for the purpose of obtaining their
eggs, or placed in suitable rivers in order to supply the
market with food.

Space will not suffer me to enter upon the varying
character of the trout,—how he thrives in large pieces of
water where food abounds, and in his turn delights the
angler in streams, the cook in the kitchen, and the reveller
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at his feasts; while the water which suits him best is ac-
curately laid down in works of natural history. For the
same reason must be omitted how to protect these fish from
their enemies, whether of the poacher or vermin tribes. The
finest yearlings I have personally seen are those shown by
the Marquis of Exeter at the present Fishery Exhibition,
and they were reared on liver: a 30 months’ trout, by
artificial feeding, at Huningen, attained to 3 lb. weight.
Many substances are recommended for young trout, as
the heart, liver, and lungs of animals killed for the market,
English dog biscuits, dried ants’eggs, ground liver,and brains,
horse-flesh, clams (Pecten), worms, and maggots, &c. Meat
may be boiled and thus employed—three or four parts fresh
meat, one part of common flour, the latter being stirred in.
If the fish are properly fed, but little of the food goes to the
bottom ; should it putrefy there, mortality will most probably
be occasioned. Diseased meat is poison to fish. Placing
minnows in a trout pond has its advocates; while others
consider that, as these fish eat the same description of
food as young trout, it is unadvisable to locate them
together.

As rivers become more polluted, due to the industries
which are being carried on along their banks, it necessarily
must come to pass that the fish contained therein will be
injured, and perhaps the more delicate forms destroyed,
unless pollutions are no longer poured into its course, and
other means of destruction cease. Failing remedial
measures, it becomes a consideration whether it would not
pay, in a commercial point of view, to raise fish, more
especially salmonida, in artificial streams and well-con-
structed ponds for this purpose.

In some parts of Germany brook trout are purchased
when from only 5 or 6 inches in length, and often brought
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great distances and fattened. At the ponds they are sorted
in accordance with years, and fed on the worthless cyprinoid
fishes, which are conveyed in large numbers for this purpose
from the Neckar, the Rhine, and the Maine ; sometimes the
fish, as food, being given alive, at other times dead, the
last being found the most fattening. These latter are
kept in ponds by themselves, and daily removed and
killed for the salmonoids, who receive them dead, but
quite fresh. Great care is taken that no remnants are left
in the trout ponds, every portion being carefully removed
daily.

Fish dealers at Frankfort-on-the-Maine, not having suffi-
cient spring-water for feeding trout ponds, have large floating
boxes in the river which are used for this purpose.

In autumn, when the water of the Maine is sufficiently
cool, medium-sized fish are caught in the brooks, placed in
these boxes, and well fed with live fish; and by the
beginning of the next summer, when the river water
becomes too warm for remaining, their weight has become
doubled or trebled. In the trout ponds of Mayence,
Wiirzburg, Heidelberg and elsewhere, the quantity of spring-
water which supplies the feeding ponds is comparatively
small. They are, however, kept clean, and especial care is
taken that saturated leaves do not accumulate at the
bottom. In the large establishment of Klein Brothers,
in Alsace, irrespective of the natural food supplied by the
111 to the fish, horseflesh was exclusively used to supplement
it. The horses before being slaughtered were carefully
examined by veterinary surgeons, and the fish were fed in
accordance with their size, the larger ones having the flesh
chopped up into small pieces, while it was ground fine for
the younger ones. In using this description of meat very
great care has to be taken, or it may, if unwholesome,
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produce a widespread and fatal epidemic among the fish—
in fact, in this way Herr Haack lost all his salmonoids,
large and small, in one day.

STOCKING WITH FISH FROM A DISTANCE.

It is a subject well worthy of attention when about to
procure fish from a distance, as to the race of trout, salmon,
or other species which is to be introduced. For fishes, like
other animals, are capable of having the stock improved,
and in certain waters raised to a better standard ; thus trout
eggs sent to Tasmania from Hampshire and Buckingham-
shire developed into Salmo ferox. But although new stock
may tend to improve local breeds of trout, experiments go
to show that, where small but not malformed races exist,
riparian proprietors had far better investigate the condition
of the fish food-supply, the nature of the water in their
streams, the geological formation of the soil, and other
local surroundings, than solely rely upon the introduction of
largerraces. For if the character of the water and paucity
of food! is the cause, sooner or later the new stock will
deteriorate, and become indistinguishable from the original
local breed in colour, form, or size. Should, however,
food be plentiful and the water satisfactory, there can be
no question but that some races grow faster and are
superior to others : among these superior forms certainly the
Lochleven trout must be classed. Not only are some races
superior to others, but some fish under suitable conditions
attain to a much larger size than their fellows, due,apparently,
to their taking on cannibalistic propensities. This will be
seen if a number of fry of a stunted race are transferred to

! The young of salmon eat food in large quantities which might be
utilised for the subsistence of non-migrating trout or grayling.
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localities where food is abundant and the space large, when
some only among those which survive will grow to a large
size. As we find the older and finer trout produce larger
eggs than their younger relatives, while a few recently
observed facts go to show that the progeny from these
larger eggs grow more rapidly than those from the smaller
ones, it appears as if we were commencing to dimly see how
breeds could be permanently improved by keeping the
breeders of different ages distinct in suitable ponds, so that
the ova could be obtained from well-matured parents.
This is done at Howietoun ; and on this, I believe, greatly
depends the marked success of that establishment. On the
other hand, it seems to point out that by overfishing, and
obtaining the young from the eggs of the smaller parents,
breeds may deteriorate, as is so commonly seen in some
localities.

During the present year land-locked salmon from Maine, in
the United States, have been hatched in this country and
shown in the Exhibition. It appears to be merely a variety
of the common salmon, which in some places has taken on a
lake life, and now does not descend to the sea, but lives and
breeds in fresh water. Some examples of a land-locked
salmon from Lake Wener, in Sweden, weighing as much as
15lbs., were likewise exposed for sale in the fish-market.
It seems well worthy of consideration whether this variety
might not be an acquisition to upper riparian proprietors,
for, although smaller than its migratory relative, it is said to
afford equally good sport to the angler and food for the
table. ' It is well worthy a trial in the upper waters of the
Thames. The Canadian Schoodic salmon resorts from the
lakes to the streams, mainly for reproduction, but to a very
considerable extent for the purpose of feeding. There are
two migrations yearly from the lakes to the streams, the
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first, a partial one in spring, for feeding ; the second, in the
autumn, for reproduction.

Certain local circumstances may render it desirable to
introduce from distant places new breeds of fish; thus,
although the presence of salmon was wished for in the
Danube, we are infermed, in the expressive language of
Herr von Behr, that “the Lower Danube is, during sum-
mer, as hot as hell,” while the Californian streams, where
they flow into the sea, are said to be not much cooler. As
the Rhine salmon is not suited to the Danube, it was natu-
rally attempted to introduce its relative, Sa/mo quinnat.

The question of hybridisation is worthy of attention, as it
has been proved that, besides the various forms of fresh-
water trout and the charr raised in vivaria, all are exceeded
by bastard fish between the trout and charr, which, observes
Director Haack, outgrow the pure breed very considerably
even when raised under identical conditions ; and, besides
rapid growth, their delicate flavour combines the excellence
of the charr with the peculiar flavour of the trout. Conse-
quently, among salmonoids, he considers it to be the most
suitable form for pond cultivation ; while if hybrids are
raised between the salmon and the trout, it is still doubtful
to what extent sterility will occur among the progeny, and
whether they would or would not take on anadromous
instincts.

The - smelt (Osmerus eperlanus) has been successfully
hatched in fresh water at Howietoun during the present
year, and the living young shown in this Exhibition.
They may be extremely useful food for trout and charr,
In the United States they have a useful invention for the
hatching of smelt eggs.

In 1880 the first attempt in Scotland was instituted.
The eggs were spawned into a pudding-dish and milted by
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the dry process ; they were then placed at the bottom of a
slow current of water in the open air ; but all died of fungus
about the fourth day. In 1881 another series of experi-
ments were commenced. The eggs were placed in a
wooden box, the bottom of which was composed of glass
grilles, This box was placed inside one of the hatching-
troughs, and a current of water was forced up through the
glass-grilled bottom of the box which contained the eggs,
keeping up constant motion. They lived for three weeks.
This year about 160 smelts, in breeding condition, were
captured in the tidal waters of the Forth, and sent in fresh
water to Howietoun by Mr. Napier, Inspector of Salmon
Fisheries. As a rule, the females appeared to be larger
than the males, but this was not invariably the case. The
colour of the eggs varied from yellow to clear white, and
the fish were spawned when the temperature stood at about
49 degrees, while at 45 degrees the milt became silky.
The eggs were received on to a piece of window-glass, and
milt was added ; subsequently a little water, and by gently
shaking the glass the eggs were dispersed over its surface.
In about five minutes they adhered to the glass, which was
then placed on end in one of the hatching-troughs. The
adhesion of the eggs is due to a fine filament which is
attached to the outer surface of the egg, and expands at
its distal extremity into a sucker, by means of which it
becomes adherent to any contiguous object. When the
eggs were placed in too great proximity to one another,
they, on swelling, became pressed, and their surface looked
as if they were honey-combed. If two layers of eggs were
present, the upper became covered with fungus—perhaps
due to the length of the filament being unable to reach a
spot where it could adhere. If torn off from its adhesion,
death appears to result. By leaving a little clear space
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round the eggs pressure was prevented, and they hatched
in a satisfactory proportion ; this hatching occurring about
the forty-second day, except in some troughs which
had been kept warmer, when it occurred eight days
sooner.!

In Maryland, in America, an attempt was made to
artificially propagate the ova of this genus in 1877, but it
proved unsuccessful. Since then, in 1879 and 1880, a few
have been hatched on the Hackensach river (New Jersey),
and preparations were made in 1882 for extensively hatch-
ing these fish by the United States Fish Commission.

The following box for smelt-hatching exists in the
United States section :

RICARDO’S SMELT-HATCHING Box (plate I, fig. 7).—
A rectangular box, with a hinge-cover and perforated
ends, covered with wire-cloth. The inside of the box is
filled with twigs, to which the adhesive eggs of the smelt
are attached.

This box is placed in the river where the current is
strong, the water entering and escaping through the circular
opening at the end. s

Among the salmonide found in our lakes, in Wales, the
North of England, Scotland, and Ireland, are the white-fish,
or Coregoni. Some species are likewise present in Canada
and the United States, where the ova of the C. a/bus have
been artificially propagated with great success.

The eggs of some fishes, as the American white-fish
(Coregonus albus), when dead become of a lighter specific
gravity than are the live ones. The separation of the dead
of these comparatively small eggs from the living was a
source of great difficulty, but has now been overcome
by means of self-pickers. A regulated current of water

1 These fish subsequently died.
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descends upon the ova, sufficient to allow the dead eggs to
pass off with the overflow.

WiLMOT's IMPROVED GLASS INCUBATOR (plate III,
fig. 18)—for the self-picking, cleansing, and hatching of
eggs, of the Coregoni and Percida species—is a cylindrical jar
made of glass (or any kind of metal) of any size or shape;
a rubber-pipe, attached to a tap, regulates the supply,
conveys the water into a glass tube, which rests on the
bottom of the jar. The water striking the bottom glances
equally round and upwards, passing through the eggs,
gives them a gentle motion, and carries off all light and
impure eggs and sedimentary matter through the lip or
overflow, and leaves the sound eggs, from their greater
specific gravity, at the bottom of the incubator. The
apparatus is very perfect, and largely used in Canada and
the United States.

In the United States Section exist several plans having
much the same purpose in view.

CLARK’'S HATCHING-JAR (OLD STYLE).—A cylindrical
jar of glass, with a metal rim notched at one side, and
provided with a movable wire screen, which is open while
the embryo are developing, to allow the escape of dead
eggs, but closed when the hatching begins, to prevent the
escape of the fish. The water is introduced through an
opening at the bottom, passing upward through the eggs and
out at the top. Formerly extensively used for hatching eggs
of the white-fish. Height, 16 inches ; diameter, 6 inches.

CLARK’S HATCHING-JAR (INTERMEDIATE FORM).—A
cylindrical jar of glass, with a metal rim, having a spout
on one side through which the surplus water escapes.
The water is introduced at the bottom, through a tin tube
with a funnel-shaped opening, and passes upward through
the eggs on its way to the outflow-spout. Height,
16 inches; diameter, 6 inches.

VOL. IL.—H. ; e
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Extensively employed for hatching eggs of the white-fish
at the Fish Commission hatching-station at Northville, Mich.

CLARK’S HATCHING-JAR (NEWSTYLE).—A cylindrical jar
of glass, with a metal rim, having a spout at one side from
which the surplus water escapes. The bottom of the jar
is provided with a metal cone corresponding with the funnel-
shaped end of the supply tube, which is prevented from
coming in contact with it by means of slight projections
on its inner surface. Height, 18 inches ; diameter, 6inches.

This jar is now coming into favour for hatching eggs of the
white-fish, and is extensively used at the Northville hatchery.

CHASE’'S HATCHING-JAR (plate IT, fig. 14).—A cylindrical
jar of glass, with a metal rim notched at one side and:
provided with a wire screen for retaining the fish. The
water is introduced through a glass tube at the bottom
and passes upward through the eggs. Height, 16 inches ;-
diameter, 6 inches. »

This jar is extensively used for hatching eggs of the
white-fish. When the embryos are developing, the outflow-
gate remains open, and through it any dead eggs which are
carried upward by the current escape, thus preventing the
injurious effects which arise from fungus and dead eggs.

McDONALD’S Y-SHAPED HATCHING-BOoX.—A wooden
box, with glass ends and sloping sides, for eggs. Length,
12 inches ; width, 24 inches ; depth, 15 inches.

The sides of the box slope toward the bottom centre
until they come within an inch of each other. Below this
opening is a space three or four inches deep for the intro-
duction of water. This opening is nearly closed by means-
of an adjustable square wooden bar, one of the angles of
which enters the centre of the opening, the sides of the bar
thus being parallel with those of the box. By this means
the current is divided so that the water is deflected along
either side of the box toward the surface, carrying the eggs
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with it and causing them to pass in toward the centre and
fall again to the bottom, where they are again caught by
the current and carried through the same circuit. The
outlet is protected by a triangular trough running across
the top «centre from side to side. Thisis placed a little
below the top of the box, so that the water shall flow over
its side and out through the openings.  The current intro-
"duced is sufficiently strong to carry away the dead eggs
into this trough, thus allowing them to escape ; but is not
strong enough to carry away the good eggs, which, being
heavier than the dead ones, drop before reaching the trough.
Great care must be taken to see that the flow of water is
properly adjusted ; otherwise many of the dead eggs may
be retained, or the good ones may be lost.

SECTION OF \/-SHAPED HATCHING - TROUGH.— A
simple trough, with false sides sloping downward from
the top toward the centre, leaving the space of 1 of an inch,
covered with wire cloth, between their lower edges. The
upper part of the trough is surrounded by perforated tin,
through which the water passes into a sluice-way and thence
to the escape-pipes, which occur at short intervals,

The water enters the apartment between the vertical and
sloping sides with the hydrant pressure, and is forced up
through the opening and out through the strainer at the top.
The eggs, being heavy, tend to sink to the bottom, where
they are caught by the current and carried upward and
outward toward the sides; as the current weakens, they
gradually drop back toward the centre, where they are
again caught and carried through the same circuit,

Fi1sH-PoNDs.

It is not surprising that pond-fish in this country are
generally deemed hardly fit for the table, because, conse-
F 2
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quent upon the want of care bestowed on our ponds, the fish
obtained from them have, as a rule, a muddy or an earthy
flavour. Were, however, attention paid to this subject,
many fish-ponds now left to be choked by mud, and
rendered foul by the accumulation of decomposing leaves
and decaying weeds, might be rendered clean, sweet, and
capable of supplying a considerable amount of good and
eatable table fish. Fish-ponds, as has been pointed out by
almost every fish-culturist from ancient to present times,
must not be left unattended to; they may be allowed to
stand full two or three years, but not longer, unless the
proprietor delights in the contemplation of starved fish :
the oftener they are dried, the better the feed for the fish
will be. The best treatment for these ponds is rotating
crops of vegetables and crops of fish, for which purpose at
least three ponds are required, although more are undoubt-
edly advantageous.

The aspect of the ponds, the nature of the soil in which
they are constructed, the character and amount of the water
which supplies them, are all factors to be taken into account,
and upon which success or failure frequently depends.
Hard clays and gravels are generally unfavourable, while a
marly soil is mostly to be preferred. Near the middle of
the pond a deep spot should be constructed into which the
fish can retreat if necessary. They should not be too deep,
as shallows are necessary for the fry, which are rarely seen
in deep water, which latter is colder than shallows and
consequently is frequented by fewer insects, irrespective of
which, cold does not favour growth in these fish. Most
forms of trees in their immediate vicinity are detrimental,
because leaves falling into the water, occasion the formation
of a black mud and the escape of feetid gases, which
appear to be especially deleterious in winter, when ice
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covers the surface. Rank vegetation along the banks is
often injurious, although some weeds in the water are
necessary to afford shelter for ova and fish, as well as clear
the water. In some ponds facilities may advantageously be
afforded to cattle to come and drink, as well as stand in the
water, thus augmenting the food of the fish : but the vicinity
of rookeries has been deemed to be deleterious. Care
should be taken that surface-water from the neighbouring
land cannot obtain access, and if necessary a channel should
be cut to keep it away. .

There are many modes in which fish-ponds may be
constructed, but an invariable rule should, if possible, be
made, that means should be present by which, when desired,
they may be readily run dry, and the same depth should
be maintained summer and winter. Along the centre of
the pond, from where the water enters to its outlet, two or
three deep channels should be cut, and about the middle of
the pond is a deep spot termed the kettle, two feet deeper
than the pond ; while near the outlet is another spot one
foot deeper than the rest of the pond. The inflow of water
should never be direct from a brook, but conducted in
from one side ; the sluice situated there should be sufficiently
strong to render overflowing impossible, while a grating
should exist to keep out strange fish, The outlet may be
made of masonry or pipes, and also be guarded by a grating
to retain the fish. Spawning ponds of a small size have been
found in carp cultivation to answer better than larger ones.
The stream of water should be able to be cut off when
desired from any of the ponds; while, if a succession of
ponds exist, fish of various sizes can be kept by them-
selves and suitably fed and fattened for culinary purposes.
If, says Roger North (1713), there be only two ponds, the
first should be dried in October, by drawing the sluice, and
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as the water gradually subsides, the fish should be taken by
degrees ; but he recommends that the mud should not be
removed, for fear of injuring the banks, but would rather
plant a crop of osiers in the mud, or oats will grow well
there. When dry, he proposed that it should be kept so all
the summer, and a profit made out of the soil by ploughing
or feeding. Ponds may be purified (if not very foul), and
the weeds killed, by being allowed to remain dry for a few
months. The following Michaelmas, or a little sooner, they
should be filled again, and, when nearly full, stocked.

An interesting paper upon pond cultivation in Prussia, by
Herr Eben Banditten, exists in the Deutsche Fischerei-Zei-
tung, v., No. 6, February 7th, 1882. He had a meadow ten
acres in extent in a very favourable and sheltered position,
which was alternately employed as a pond for rearing fish
and for agricultural purposes. In August 1881, when the
second crop of grass was just ready for cutting, a flood
covered it to the depth of five feet. In previous years he
had employed it as a spawning pond, now he decided to
use it for raising and fattening carp. Knowing the quantity
of food it tontained, he stocked it in the spring with about
five hundred carp, weighing on an average 11b. to 1}lbs. each,
four hundred ides (Cyprinus orfus) of different sizes, a few
eels, and ducks in the proportion of one to each carp. He
succeeded very well, 300 ducks, 100 geese, and 2 swans,
making this pond their residence for the summer. He
expected, and found his expectations fully realised, that
these aquatic birds would furnish a good deal of other food
for the carp. Frogs at first abounded, but the ducks
cleared them off. About the beginning of October 1881,
he had about 50,000 very fine young carp, 100 of them
weighing about 2} lbs,,; of ides he had only about 100:
The old carp had increased in size from 100 to 150 per cent,,
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the ides not quite so much. Frog spawn was found to be
good food for ducks, and thus increased the fishes’ food.

The number and sorts of fish suitable for stocking ponds
depends upon many circumstances, especially as to the
amount of food which is present, whether the water is from
a stream or springs, and many other conditions. - Boccius
recommended the following proportions of fish as suit-
able for stocking an acre of water: 200 brood carp, 20
brood tench, 20 brood pike. North cautions the fish-
culturist against over-stocking, observing that when this is
done the fish deteriorate. Also that after the first year
their numbers should be diminished, because the food will
be less. It is well when drying a pond to examine whether
the contained fish are well-fed or lean, and accordingly
judge whether the water has been under-stocked or over-
stocked.

One of the first accounts of the mode of hatching coarse
fish, as perch, pike, roach, bream, ide, and aspius, is by
C. F. Lund, in the transactions of the Academy of Science
of Sweden in 1761 ; it is entitled ‘Fiske plantering” The
principle is a box placed in shallow water near the bank
of a river, where the water does not flow over: its inside
is charred by fire and then lined with bushes, while
its sides are perforated in order to permit free access of
water (see plate I, fig. 5). Here the parent fish are con-
fined, and when the eggs have been deposited the old fish
are usually eaten by the peasants, who are not particular
as to the taste or quality of their food. This process of
spawning and hatching coarse fish which breed in summer
has been improved upon by Mr. Oldham Chambers, who
" has made the sides movable, so that they, with the bushes
and adherent ova, can be transported in carrying-boxes to
desired localities.
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R1VER AND POND FISHES.

The fish-culturist who has decided upon raising food
fishes in a pond has first to investigate what indigenous or
foreign forms are best suited for his purpose? In the
following brief summary the salmonide and anadromous
fish are excluded, as they form a separate subject for
inquiry.

The perch (Perca fluviatilis) is a well-known gregarious
fresh-water form which inhabits lakes, ponds, canals, and
rivers, more especially frequenting deep holes or where
there is a gentle current, preferring the sides to the more
rapid parts of streams. Occasionally it will descend to salt
water, and when found in such localities, or where it is
brackish, it is highly esteemed ; on the contrary, in muddy
ponds it loses its flavour, It is generally held in good
repute as a table fish. Being very fond of fish fry. it is not
an advisable form in salmon or trout waters. At its third
year, and when about 6 inches in length, it commences
spawning, depositing from 20,000 to 28,000 ova. It does
not often exceed 3 lbs. in weight.

In the United States Section is shown an apparatus,
MacpoNALD EGG REEL (plate IV, fig. 22) for dealing with
adhesive eggs, the mucus on which hardens under water.
The eggs are taken upon cotton yarn, which is drawn up
through a funnel into which the milt and eggs had been
squeezed from the spawning fish. The thread covered
with adhering eggs is rolled upon a wooden reel and
sent in damp cloths to its destination. On arrival the
cotton cord is cut into lengths of 10 or 12 inches, and
suspended in glass hatching-jars.

The burbot, or eel-pout (Lota vulgaris), prefers clear and
still rivers and lakes, at the bottom or sides of which it
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lurks in holes or crevices among the stones, or even skulks
in rat-holes or cavities under banks. In stews it fattens
well, as it will eat almost any animal substance. It has long
been esteemed a great luxury; its flesh is white and
delicate, but its liver is its most delicious morsel. It is
found in the county of Durham ; also in sluggish Yorkshire
rivers, in Norfolk, in the Trent and its affluents in Notting-
hamshire and Staffordshire; in the great east fen of Lin-
colnshire, and also in Cambridgeshire. It breeds from
December to March, depositing at least 128,000 eggs. It
appears to be decreasing. It is usually found up to
2 lbs. or 3 lbs. weight in this country, but occasionally
larger.

The pike or jack (Esox lucius), is a strong, active, and
voracious fish, consuming its smaller neighbours, preferring
still and placid waters where weeds abound, and among
which it will lurk. When emboldened by hunger nothing
comes amiss, and it has been suggested that in lakes where
trout are numerous and of small size it may be a good plan
to introduce a few male pike to keep down the numbers,
and thus proportion them more to the amount of food.
The same plan has likewise been employed among coarse
fish. Of its value as food opinions differ, but the river
are superior to the pond ones. It hasbeen observed that
boiled, it is insipid ; stewed with spices and a bottle of good
old crusted port, it becomes passable ; stuffed and baked, it
is perhaps a trifle better; filleted, it is almost nice. In
some trout rivers it appears to have entirely destroyed
the native races. In carp ponds it is said to prevent the
Cyprinide from becoming lazy by chasing them about.
Breeding in March and April, it deposits from 700,000 at
28 Ibs. to 292,320 eggs. '

Carp (Cyprinus carpio)—Hardy and tenacious of life,
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wary in'a state of nature, but readily tamed, it is most
frequently found in ponds, canals, sluggish pieces of water
or slow-flowing rivers. Its flavour is frequently muddy,
to obviate which it is found advisable to retain it for some
weeks in a stew, through which a supply of water flows.
It can be conveyed long distances in well-boats, through
which water is allowed to pass; and experiments made in
America show that it can be transported in railway vans
when only sufficient water is sent that will cover its back,
and it has thus been carried for nearly four days without
ill-effects. It is supposed to commence breeding at three
years old, in May or June, according to the character of
the season ; the eggs develop quickly, the eyes becoming
visible as early as the fifth or sixth day, and on the
twelfth or sixteenth the young hatches. Carp of about
4 or 5 lbs. have from 400,000 to 500,000 eggs. This fish is
largely cultivated for food in some countries, while in Paris,
in spite of an abundant supply of marine and fresh water
forms, it, with the exception of salmon and trout, is con-
sidered the most desirable form. In this country the best
are from rivers, next such as come from large lakes, and
the most inferior from muddy ponds. It mostly subsists on
vegetable food, but also on worms and larvee of water
insects which it turns up from the mud with its head ; also
refuse from slaughter-houses and reservoirs. It may be
considered as in season from October until April. To
improve their flavour Mr. Tull castrated them, as he asserted,
with excellent results. It is found up to twenty pounds’
weight in this country. In employing carp as food fishes
great care is very desirable in selecting the race which is
going to be imported ; in Germany and elsewhere, there are
three varieties which are cultivated—the common carp, the
mitror carp, and the leather carp. Of these three races the
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mirror carp is considered the superior, being the most hardy
form, and bearing up best against injuries. Some fish-
culturists make a speciality of raising forms possessing very
few scales ; sometimes these are restricted to a single row
along the lateral line, or a strip along the back. Crucian
carp (Carassius vulgaris) will cross with this form, the pro-
geny being almost worthless for the table. The crucian
and gold carp should not be permitted in the same ponds
as the common carp.

Carp require a hatching-pond, which should not exceed
one to one and a half feet in depth or less in parts, and
having weeds in it on which the eggs are deposited.
Secondly, a breeding-pond about the same depth; and
thirdly, a culture or regular carp pond. Should suffi-
cient food not be naturally present, the fish must be fed,
but never in the same spot, as they become languid and
lazy ; the flesh of a carp that does not take exercise is
rarely firm. They should have a little food at a time—early
in the morning and late at night, or in very warm weather
only in the evening. Pond carp, observes Hessel, are accus-
tomed to other food than river carp. The former confine
themselves to worms, larve and plants, while those living
in streams find all sorts of animal and vegetable refuse :
these latter can also stand a greater amount of food, as the
current materially inclines them to take more exercise, thus
increasing their appetite ; while when feeding on unwhole-
some or spoilt food, or food left to spoil due to not being
eaten, will produce disease. An old rule was to feed carp in
spawning-ponds both before and during spawning, in order
to prevent their hunting for food and consuming their
own eggs. After spawning, the adults should be removed.
Too many young fish should not be left in one pond, but
in cold countries they may remain two summerts.
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In the United States Section are two plans for trans-
porting carp, the first one used being termed a—

Carp TRANSPORTATION CAN.—This is a cylindrical
tin can, encased in wood, with the top slightly contracted
to prevent splashing.

Diameter, 10 inches; height, 13} inches; capacity, 6 gallons.

This can holds ten three-inch carp. It was formerly
extensively used in the transportation of this species, but
it is now seldom employed, as small pails are found more
convenient, less expensive, and equally satisfactory.

CARP TRANSPORTATION CRATE.—A wooden crate, pro-
vided with sixteen two-quart tin pails, arranged in two tiers,
separated by a wooden partition.

Length, 32 inches ; width, 18 inches; depth, 14 inches.

This crate has now almost wholly superseded the more
cumbersome and expensive cans. In shipping cans in-
tended for different persons in the same section and placed
together in the same crate, each is provided with a tag
bearing the name of the consignee. On its arrival at the
proper railroad centre, the crate is opened by the employés
of the express company, and the cans reshipped to the
parties for whom they are intended.

The gudgeon (Gobio fluviatilis) is a small gregarious
river fish, selecting places where the current is not strong
and the bottom sandy or gravelly, seeking the shallows
during the warm months, but returning to deeper water
in the winter. It will succeed in some ponds, whether
muddy or clear, and has been even observed to breed
there, although the bottom was clayey. It breeds from
April until June, depositing its eggs in shallows, where they
hatch in about a month. Those from rivers are a very
delicate fish, and are often termed the “river smelt.” They
form good food for other fishes.
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The roach (Leuciscus rutilus) is a gregarious fresh-water
fish,” preferring clear and still waters, found feeding at
night on the shallows, but retiring to the deeper parts
during the daytime. It is in little estimation for the table,
but usefil as food for other fishes. It breeds in May and
June.

The chub (Leuciscus cephalus) is found in rivers, where it
frequents localities overhung by banks and trees, the eddies
of weirs or -bridges, about mills and in other suitable places.
It is a coarse, bony fish, spawning in April and May.

The dace (Leuciscus wvulgaris) is another gregarious
river fish, not much esteemed for the table, but which forms
useful food to its better class of neighbours, while its bright
silvery sides render it very suitable as bait for pike. It
spawns in June, and one of 28 ounces contained 480,480
eggs.

The rudd (Lewuciscus erythrophthalmus) is a gregarious
fish found in many rivers, canals, lakes and ponds. It
is not much esteemed for the table, but some anglers prefer
it to dace as a bait, when trolling for pike, as it is more
tenacious of life. It breeds in April and May.

The minnow (Leuciscus phoxinus). During the summer
this pretty little fish is found in large shoals near the
surface, but more or less conceals itself during the cold
months, while it prefers clear and rapid water. It spawns
in June, and the young are hatched about the sixth
day.

The tench (7%nca vulgaris) inhabits lakes and ponds, be-
coming more or less dormant during the winter months. It
is very tenacious of life, and some esteem it as good food.
It breeds in June, and upwards of 250,000 ova have been
taken from one fish. A golden variety has been introduced
in this country and extensively psopagated ; but as food
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it is inferior, while it is more readily perceived by its
enemies.

The bream, or carp bream (Aéramis brama) is a gre-
garious fish found in rivers, canals, lakes, and ponds,
thriving best in large pieces of water, in quiet rivers, and
sometimes in enormous shoals, as in the Norfolk broads
or Irish lakes. It spawns in May. Although by some
it is said to be good for eating, others reject it as bony,
muddy, insipid, and only fit for pike and other predaceous
fishes.

The white bream, silver bream, or breamflat (A4éramis
blicca), has much the same habits as the last, than which
it is, if anything, considered as still more inferior, but
good as food for pike.

The loach (Nemacheilus barbatula).—This little fish is
found in rivers and brooks, when, if disturbed, it darts away
or stirs up the mud for concealment. It generally hides
itself under stones or other objects, and is mostly nocturnal
in its habits. It breeds in March and April. Itis a very
good bait for trout, perch, pike, and eels.

The eel (Anguilla vulgaris)—The common eel, almost
cosmopolitan in its distribution and a catadromous form,
descends to the sea to deposit its numerous ova, while it
inhabits all pieces of fresh water to which it can obtain ac-
cess, thriving better in rivers having muddy bottoms than
in those which are gravelly ; migrating twice a year—in
the autumn to the sea for breeding purposes ; in the com-
mencement of summer from the sea, the latter being
almost entirely confined to small fry, termed elvers in
some localities. In the winter eels conceal themselves in
the mud. They are very destructive to the spawn of other
fishes, consequently are not always advisable in fish-ponds.
Holland supplies, at the-least, half the amount of eels con-
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sumed in this country, deriving in exchange a considerable
income ; while we, who find our local supply insufficient, do
not take steps to prohibit the sale of elvers, or young eels,
which are captured in quantities and pressed into what are
called elver cakes, 1408 fish going to 1lb. weight. These
elvers ascend some of our rivers (as the Severn) in
millions, and would prove very remunerative if reared in
suitable localities, besides obviating the present necessity
of eels being imported from abroad.

FOREIGN FISH FOR ACCLIMATISATION.

Some fish culturists advocate the introduction into this
country of foreign forms of fish, either from the continent
of Europe or more distant climes. Such a proceeding may
be beneficial or may be entirely the reverse. The first
consideration should be, if the stranger is a large consumer
of vegetables or flesh, and whether sufficient exists for his
consumption where it is proposed to acclimatise him.
Anadromous forms, as the salmon or shad for instance, as
a general rule merely enter our rivers just prior to
spawning time, a period when they require but little food,
and consequently, until spawning is over, do not need any
very large amount of sustenance. Carnivorous forms, as
pike, may be useful to diminish too large a number of
coarse fish in a river where they are in excess of its capa-
bilities for supplying them with food ; but when the wished-
for diminution has occurred, they still continue their
depredations, and may deplete the fisheries to too great an’
extent. Attempts were made, which were fortunately un-
successful, to introduce the Silurus glanis into our rivers, a
fish with an insatiable appétite, and when large, of but little
value, except for the oil which can be obtained from it, and
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which Professor Rudolph Hessel described as having habits
similar to the carp, lying on mudbanks, or feeding-places of
this fish, becoming its most dangerous enemy and insatiable
destroyer.

ARTIFICIAL HATCHING OF MARINE FISHES.

The principle acted upon in some freshwater fisheries of
supplying undue depletion by artificial hatching of fish has
likewise been attempted in the United States with respect
to sea fisheries. It is carried out there by Government
Commissioners, w..v, unwilling to regulate the modes of
capture, but observing the evident impoverishment of the
fisheries, plainly perceive the inutility of expecting the
fishermen to stock public waters at their own expense, and
where everyone might indiscriminately capture the produce.
Here we go on a much simpler plan ; ignore the complaints
of the fishermen that the inshore fisheries are being
depleted, assert they are ignorant of what they are com-
plaining about, be incredulous of the statements of success
from other countries, profess to believe that the excessive
rise in the cost of fresh fish is due to some trick of the fish-
selling trade, and calmly await the time when our flat-fish
fisheries have followed those of our oysters, leaving un-
touched the question of why it is that now at least two or
three times the amount of netting, number of men, and
of tonnage of boats are necessary to obtain a similar amount
of fish to what was taken at the commencement of this
century.

The first species which the United States Fish Com-
missioners attempted to propagate on a large scale was an
anadromous shad, 4lsa sapidissima (a genus of which we
possess species in this country), which up to 1877 had been
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chiefly artificially carried on in floating boxes, connected in
a gang by cords, the foremost being held in its place by an
anchor. It was found that during strong currents there was
sufficient . movement for the eggs; but when the tide was
slack they rested in masses at the bottom of the boxes, and
in consequence suffered greatly, being very liable to fungus,
especially when the temperature was high, unless shaken
up by the hand; while during storms or floods they were
not infrequently upset or carried away. In 1877 Mr.
Ferguson invented his PLUNGING-BUCKET (plate III,
figs. 15, 16), which apparatus had a great superiority over
floating boxes, especially in hatching eggs in waters
where all currents were absent; also because a cooler
stratum of water could be readily reached when the
surface was too hot for the proper development of the
eggs, a condition always present when the temperature
rose above 80°. By covering the tops of the buckets with
caps of wire gauze they might be sunk to the required
depth where a cool stratum existed, and that without any
escape of the ova. The apparatus is thus described :
“It was placed upon a large scow, 50 feet long and 19 feet
wide, and consists of a shafting along the centre of the
scow, upon which at intervals are placed irregularly formed
cams, which have a long and a shert side. This is ac-
complished by making the outline of the cams two
intersecting cycloid curves, which produces upon the lever
following its circumference a quick fall and slow rise at
the extreme end. A steam-engine is the motive power
revolving the shafting and cams. To the ends of the
levers are suspended cylinders of sheet iron, from 1} to 2
feet in diameter, having a wire-cloth bottom, and within
these cylinders the eggs are placed. The rise and fall in
the water does not exceed j inches. A slow revolution
VOL. IL—IL G
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of the shafting produces all the agitation in the water
essential to the welfare of the eggs, a more rapid motion
having a tendency to draw the eggs hard against the wire-
cloth. The slow rise and quick fall of the cylinders also
saves the eggs from this injury, as the effect is to throw
the eggs high up as the bucket goes down, while, as it
rises slowly up, they fall gently to the wire-cloth bottom.”
Each bucket will hold 20,000 shad eggs. In many
localities where this artificial shad propagation has been
carried on the success has been very great. In 1867
two million, and in 1869 four million, were hatched in the
Connecticut ri{rer; and in 1872 the largest catches were
made that have occurred since 1811. In the river Hudson,
it was reported that the take of shad was the greatest that
had been seen for fifteen years, and the results of its
culture were beginning to be seen. In short, in manyv
localities where this artificial propagation has been carried
out, the increase of fish has been most remarkable ; while
new colonies of them have even been established.
WRIGHT'S SUBMERGED WAVE-ACTION - HATCHING-BOX.
—(Plate 111, fig. 19).—A cubical box, with a hinge cover of
wire-cloth, the sides being of galvanised iron ; the bottom,
which is of the same material, being provided with circular
openings an inch in diameter, each covered with valves
opening upward to admit water from beneath. In the in-
terior of the box, an inch above the valves, is a wire-tray
upon which the eggs are allowed to rest, and through
which the water can readily pass. The sides of the box
are prolonged downward to form an expanding rim, which
serves to deflect the current upward through the eggs.
The whole is suspended from a float, and held in position
by means of a small weight fastened to the bottom.
Length, 10 inches ; width, 10 inches; depth, 12 inches.
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This box was invented for hatching eggs of the shad.
It is claimed to be suitable for open streams where the
current is too slight to admit of the use of other ap-
paratus.

MACDONALD’S EGG-TRANSPORTATION CRATE.—A crate
containing 18 shallow trays or wooden frames with wire-
cloth bottoms, incased in canvas, and secured by frames
connected by leather straps.

Length, 16 inches; height, 15 inches; width, 14 inches.

This crate is used for transporting the eggs of the shad
for a distance of fifty to one hundred miles. The bottoms
of the trays are covered with wet cloths, upon which the
eggs are spread. Each tray holds from 10,000 to 15,000
shad eggs. When filled, they are incased in the cloth
cover, securely strapped together, and shipped by boat or rail
to the hatchery. .

This apparatus marks the beginning of the dry transpor-
tation of shad-eggs, and has been successfully used in the
work of the United States Fish Commission for the past two
years. ;

FisH CoMMISSION TRANSPORTATION CAN.—A cylin-
drical can of block-tin, the top of which is contracted, and
provided with a cover to prevent slashing of water while
in transit.

Height, 24 inches ; diameter, 14 inches; capacity, 12
gallons. £

This can is more extensively used than any other kind for
the transportation of young shad, and proves very satisfac-
tory. The contraction of the neck, giving only a limited
free surface, prevents any violent agitation of the water.

FERGUSON'S TRANSPORTATION CAN.—A cylinder of
block-tin, with movable top fitted with a rubber rim, and
thumb-screws for rendering it water-tight.

G2



84 FISH CULTURE.

24 inches high and 14 inches in diameter. Capacity, 12
gallons. ;

This can is provided with nipple attachments, by means
of which several can be connected, so that a current of
water will flow from one to another, thus giving a circulation
during transit. This can carries from 15000 to 30,000
shad.

The ova of the cod have been artificially propagated, as
it was considered possible not merely to increase the supply
where it already existed, but also to establish new fisheries
in places where the young should be turned out. The best
results are said to have been obtained at Gloucester, Mass.,
where those released were known to live, as many young
fry were observed playing round the wharves where young
cod had never been previously seen. The eggs having
been taken in a pan having a little water in the bottom,
and the milt was at once added, after which water was
slowly mixed at intervals until the pan was full. But for
successful hatching it appears necessary to give a.certain
change to the water, and partially keep sediment from the
eggs. Various contrivances have been invented in order
to ensure this result; one known as CHESTER'S SEMI-
ROTATING hatcher (plate IV, fig. 24) is thus described :—
This consists of a tin cylinder, 18 inches in diameter,
and 24 inches deep; with four rectangular openings, each
2} inches wide, extending from near the bottom to within
5 inches of the top. These and the bottom of the
cvlinder are covered with wire-cloth, to prevent the eggs
from escaping, or the dirt from entering. On the outside
of the cylinder, along one side of either opening, are
placed strips or pockets of tin, at an angle with the
side, and extending partially over the openings, so that
the adjacent pockets face in opposite directions. As the
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“cylinder rotates on its axis, the water is forced in at the
two opposite openings and out at the others. Beneath the
wire-cloth bottom are four more strips of tin, radiating
from the centre, and placed at such an angle that the
rotation of the cylinder presses the water against them and
up through the bottom. The whole is placed in a trough
nearly filled with constantly-changing water, and sunk to
such a depth that the water nearly fills it. The cylinder
turns on a pivot, the power being supplied from the engine
by means of shafting, to a horizontal arm firmly fixed to
its axis, and is kept constantly turning back and forth
through an arc of 90°, thus keeping the water changing, and
giving the eggs a tendency towards the top centre. With
this process fairly good results have been obtained. The
time required for the development of the eggs varied
greatly, being considerably affected by the temperature of
the surrounding water. Of those of the cod taken on
November 13th the first hatched in thirteen days, while some
of those secured on December 17th required fifty-one days.

It was found that spawning fish could be collected off
the American coast with little difficulty, and brought to
the harbour alive in a common welled smack, and then
transferred -to the hatchery, where, if necessary, they can
remain to ripen, and thus hundreds of millions of eggs can
be secured in a single season. The young hatch well, and
appear hardy ; and, as observed from the ovaries of 25 good-
sized cod-fishes, if all the eggs were hatched, would furnish
more fish in number than are captured in one year by the
combined fleets of cod fishermen from all the different
fishing ports- in the United States during the most
prosperous season.

WAVE HATCHING-BOX. (PlateII, fig. 13.)—A rectangular
box, with a wire-cloth bottom and openings covered with
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the same material on the sides. Just below these, on the
outside of the box, are wooden strips which serve as floats
for holding the box in the proper position in the water.

Length, 32 inches; width, 17 inches; depth, 16 inches;
float, 3 inches wide. :

This box is employed in open streams for utilising
currents caused by the action of the waves. The box, when
placed in the water, sinks to such a depth that the floats
which extend around its exterior rests upon its surface.
The upper portions of these floats make a slight angle with
the surface, so that each wave as it comes in contact with
the float runs up a slight incline, and after reaching the
highest point, passes down into the box, thus giving a’
constant circulation, and the best possible motion to floating
eggs. The original form of box was supported by hollow
air-tight tin cylinders, as shown in plate II, fig. 10

BRACKETT’S HATCHING-Box. (Plate I, fig. 4)—A rect-
angular box of wood, the front end of which slopes inward
at an angle of 45° for the purpose of deflecting the current.
The bottom is covered with wire-cloth, and the water is
forced through it by means of a tide-strfp attached to its
further edge.

Length, 22 inches ; width, 20 inches ; depth, 12 inches.

BRYAM’S FISH-HATCHING BoX (plate II, figs. 11 & 12)
may be employed in shallows, or in stormy and agitated
waters. It has its riding or breasting end inclined and
supported upon the surface of the water by floats, at right
angles to the length of the box.

PARKER'S ROTATING HATCHER.—A windlass con-
nected with a system of cog-wheels, which communicate
motion to the hatching-cylinder by means of an endless
chain. The cylinder is made of perforated tin and wire-
cloth, to admit of a free circulation of water. On the
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inside, suspended from the axis, is a small basket or trough
which contains the eggs. Diameter of hatching-cylinder,
10 inches ; width, 4 inches.

The motion is communicated to the windlass, and thence
through the clock-work to the hatching-cylinder, by means
of a weight which is suspended from the end of the
windlass rope. The weight is raised by means of a crank
attached to the windlass, and the distance through which it
falls is considerably shortened by the use of compound
pulleys.

AUTOMATIC TRANSPORTATION CAN.— A cylindrical
can of copper, with contracting neck to prevent slushing,
and a movable cover, the centre of which contains a brass
plate with tubular openings, through which the water
enters and escapes. Height, 18 inches; diameter, 14
inches. »

To the inner end of the outflow-pipe is attached a wire
frame, covered with cloth, which serves as a strainer to
prevent the escape of the fish. The outer end of the other
tube communicates with a reservoir of water by means of
rubber tubing.. When several cans are fed by the same
reservoir they are placed side by side, and so connected that
the water passes readily from one to the other.

The eggs of pollack (Gadus pollackius) have been likewise
artificially treated in the United States ; although they float
similarly to those of the cod, they are smaller, and appear to
develop more rapidly, hatching at most in five or six days
with water of the ordinary temperature. A 23} 1b. fish had
over 4,000,000 eggs ; and a 13 1b., 2,500,000.

Haddock’s eggs were hatched in 8 or g days in a floating
box.

Herring’s eggs adhere to any substance they are first
brought into contact with. Consequently they should at
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once be placed in the situation it is proposed they shall
-remain until hatched. Up to now the young placed in
artificial hatcheries have been found to die after the
absorption of the yolk sac.

In the Exhibition is an apparatus for hatching DEEP
SEA FLOATING EGGs (plate 1V, figs. 23 & 29), invented by
Mr. Oldham Chambers upon the same principle as the
“Thorough ” Vase for rearing trout fry, with this exception,
that the supply pipes are perpendicular and perforated
not only at an angle of 45 degrees, but with an upward
tendency, thus assisting the ova to float during the period
of incubation.

This apparatus is intended for hatching the eggs of the
cod.

Mr. Oldham Chambers also exhibits an apparatus for
hatching DEEP SEA ADHESIVE Ecas (plate IV, fig. 27),
such as the herring, consisting of an oblong box about
5 feet in length, 2 feet in width, and 1 foot in depth, in
which are placed screens covered with muslin, upon which
the ova are deposited, and the sea-water passes through
the box.

MARINE VIVARIA.

Among subjects well worthy the attention of fish-
culturists are the formation of vivaria for the reception of
marine fishes, so that a constant supply for the market
would be available, even at such periods when gales
preclude the sea-fishermen from carrying on their occu-
pation. These vivaria may be either entirely supplied with
salt water by tidal influence, or they may be lakes wherein
the lower portion consists of salt or brackish water and the
upper of fresh, being even fed by a stream. In order to be
a pecuniary success the necessary food should be obtain-
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able in the vicinity at a cheap cost, whether such be shell-
fish, fish, meat offal, or manufactured substances. Likewise,
if an insufficient local demand for fish is present, the means
of inexpensive and easy carriage to a suitable market
should exist. Several such vivaria have been formed on a
small scale around the British Isles, at various times by
different individuals.

Parnell drew attention to a salt-water vivarium for fish
ncar North Queensferry, where a number of marine forms
were kept in a pond about 200 feet long and five fathoms
deep, and into which the tide ebbed and flowed twice daily.
All the fish appeared to thrive well, especially the cod, which
were found to be firmer in the flesh and thicker across the
shoulders than those obtained in the Firth of Forth.
Yarrell also alluded to similarly formed vivaria as existent
in the Orkneys and in Fife. At Port Logan, in Wigtonshire,
an excavation existed in the rock about fifty feet in
diameter, while at low tides about eight feet of water
remained in the basin and an additional six feet at high tides.
Here cod thrive and are always available for the table.
In these vivaria it is necessary to regularly feed the fish.

The Romans were accustomed to keep fish for the table
in large vivaria, some of which were supplied with salt,
others with fresh water; the former, however, were so
expensive as to be only within the means of the wealthy.
As time went on, these stews appear to have been frequently
kept by their owners as a source of profit, and various
modifications from time to time were introduced, during the
course of which it seems to have been ascertained that
many marine forms could be accustomed to a fresh-water
state of existence.

This phenomenon of marine fishes changing their condition
of life, so that they become either temporary or permanently
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occupants of fresh water, has for centuries attracted the
attention of the fish-culturist, but owing to local circum-
stances it has, perhaps, been more remarked upon in tropical
than in temperate climes. But even in this country we sce
the anadromous salmon, shad, flounder, and other fishes
ascending our rivers for breeding. purposes, and in fresh
water the eggs of some are hatched, and the young salmon
resides in streams until sufficiently old to adopt its parent’s
mode of life. This brings us to consider whether if marine
forms enter fresh water, and their return to the sea is cut
off, such an accident is necessarily fatal to their existence.
In the brackish water of the Coum river, in Madras, half-
beaks (Hemiramphi), mullets (Mugilide), and other marine
fishes are captured months after the annual monsoon com-
munication with the sea has been closed. Such changes
are gradually effected, and do not appear to lead to any
structural modifications in the animals affected. In short,
some marine fishes may enter pieces of water which, losing
their saline character, become brackish or even fresh, and
such changes do not necessarily occasion their death, for
they may thrive in such situations.

During the last few years particular attention has been
directed to a similar phenomenon in northern Europe, but
on a far wider scale. Certain sea fishes, as the four-horned
bull-head (Cottus quadricornis), a marine sucker (Lizparis
barbatus), and a variety of the common herring, have been
found in the northern portion of the Baltic, where that sea is
least saline, while they appear to be entirely absent from its
southern extremity, where their presence would naturally
be expected, had they obtained an entrance from the
German Ocean. The existence of these fishes in a
comparatively leaner and smaller condition in the Baltic
than is seen in their Arctic relatives, has been explained by
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supposing that they are the remnants of a fauna which
formerly extended into the Glacial Ocean. During the
later portion of the great ice age most of Finland and the
middle of Sweden were submerged, while the Baltic, which
was a Gulf of the Glacial Ocean, was closed at its southern
extremity. As the Scandinavian continent has become
elevated, the Baltic has been cut off from the Arctic Ocean
by the northern portions of Norway and Finland, while to
the south it has opened a communication- with the German
Ocean. Consequently its fishes are the descendants of its
former glacial marine fauna, and not products of immigration
through the Cattegat. = These fishes still remain in the
northern portion of the Baltic, as if inherited instinct told
them that such was the direction in which their ancestors
resided. And now the water is almost and at times quite
drinkable, and these sea species have come to be residents
in almost or quite fresh water.

The foregoing instances show how marine fishes rﬁay
either voluntarily enter into and reside in fresh waters, as
well as how they may be gradually acclimatised to such,
provided the change is effected by degrees. Also that not
only will some forms thrive, but they may even breed under
these new conditions. It has often been observed that
strictly marine predaceous fishes will follow anadromous
forms from the sea long distances up rivers. I have captured
the cock-up (Lates calcarifer) as far inland as Peguy, in
British Burma; and when investigating the fishes of the
Mahanuddi river in Orissa in 1867, I found a species of
saw-fish (Pristis Perrottet), up to four feet in length, and
at least forty miles from its mouth, in perfectly sweet water,
and beyond tidal influence. I likewise obtained others in
the river at 'Pegu. The extension of this species has also
been remarked elsewhere, for, in 1857, M, de La Gironniére
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found it inhabiting the fresh waters of the Laguna de Baij,
Luzon, and so did Dr. Meyer in 1872. This last naturalist,
having procured a series of examples, compared them with
marine specimens from the bay of Manila, when an accurate
examination showed no differences ; the changed conditions
of life had exercised no appreciable alteration in any of
their external characters. In short, these fishes having
entered rivers for predatory purposes, may voluntarily
~emain, or be involuntarily detained there, and consequently
take up a permanent abode in this new locality, continuing
their species in their new home without necessarily returning
to the salt water. '

The Earl of Ducie, in 1881, observed upon having spent
two months in the Norwegian fjords in his steam yacht, that
in Midgulen lake, 61° 43’ N. Lat. and 5° 53' E. Long,, he
found pollack (Gadus pollackius) living in the fresh water.
This lake is about five hundred yards from the sea, with
which it is connected by a river averaging about twenty
yards in width by three feet in depth. In another fjord,
which contained fresh water, he took a cod, a coal-fish
(Gadus virens), and a pollack, all at the inland end of the
lake, the last fish being actually in a snow-water stream.
The sea fish had complete possession of the lake, which, as
in other instances, was entirely fresh.

In 1831 Mr. Arnold, of Guernsey, communicated to the
Zoological Society of London some experimenfs which he
had personally carried out in a five-acre lake of varying
depth, having a muddy, gravelly, or rocky bottom, and
which was principally filled with fresh water. -Here for
nine months in the year cattle came to drink, but in
summer the water was too salt, due to a supply from the
sea being received through a tunnel. Bass (Labrax lupus),
grey mullets (Mugilide), turbot (Rhombus maximus), brill
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(R. levis), plaice (Pleuronectes platessa), soles (Solea vul-
garis), and smelt (Osmerus eperlanus), were introduced and
throve, while the mullet, it was remarked, bred as freely as
if they resided in the sea, and Sir J. Gibson-Maitland has
hatched numbers of this latter fish in his fisheries. Semper
mentions that the grey mullets and the bass have been bred
successfully for the market in the fresh-water lake of Acqua,
near Padua. In 1881, being at Devonport, I was shown a
most beautiful piece of water into which a small stream
flowed from the adjacent high-lands, while, at its lower end, a
tunnel communicated with the backwater, and through which
saline water entered at high tides. A long weir prevented
entrance of fish into or their exit from this lake, and here
were many grey mullet and bass living and thriving.

In 1825 a communication was read before the Wernerian
Society from Mr. Meynell, of Yarm in Yorkshire, recording
how he had succeeded in retaining smelt or sparling in a
fresh-water pond which did not communicate with the sea,
and how they not only throve but bred for successive seasons.
The sole will live and breed in fresh water; and on some
having been retained in fresh, and others, of like weight, in
saline Water, the first at the end of a year were found to
have increased at twice the rapidity of those which were
kept in salt water. The flounder (Pleuronectes flesus) is so
much esteemed by the Frieslanders that they naturalise it
in fish-ponds. Mr. Bland, of Derriquim Castle, Kenmare
Bay, had a vivarium constructed in an inlet guarded by reefs
of rocks in Sneem harbour by means of a strong barrier of
stones placed across the entrance, but through which every
tide flowed and ebbed, leaving a sufficiency of water inside
for the fish. Here mullets, whitings, bream (Pagellus) soles
and plaice succeeded best ; haddock likewise did well ; but
gurnards became péle in colour. Whitings were so tame



94 FISH CULTURE.

as to feed out of the hand, and all the various forms
assembled at feeding time on the appearance of the tray:
they were particularly partial to potatoes.

F1sH PASSES.

Fish passes, commonly termed fish ladders, are con-
structions erected in rivers for the purpose of enabling fish
to surmount or, pass natural or artificial obstructions, which
are either an hindrance to their attaining their spawning
beds or impede their descent to the sea, and which are
destitute of free gaps through which they might pass. For,
as was most truly observed by the Royal Commissioners in
1860, “every fact elicited during our inquiry bears witness
to the conclusion that an open river is the best for all, and
that a recurrence to the ancient and clearly pronounced
policy of this country, by the removal of obstructions from
the water, is the sure and only road to the restoration of
the fisheries.” Passes, however efficient they may be, are
not complete cures to the injuries inflicted by obstructions ;
for at these places, except in high floods, the gravid salmon
will loiter when ascending the stream towards their spawn-
ing beds, and the kelt, while descending, will similarly
hesitate some time, prior to trusting to this novel and
suspicious mode of procedure, consequently protection
should be afforded at these localities.

Fish passes, which may be constructed of wood, stone,
concrete, or iron, can be subdivided into (1) such as assist
the fish by means of ladder-steps, or a series of pools, to
pass over the obstacle ; or (2) by means of a succession of
locks to pass through the obstruction.

About the year 1830, Mr. Smith, of Deanston, invented a
salmon ladder, the principle of which he explained to a Select
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Committee of the Houses of Commons in 1836. The
dimensions of this ladder were as follows: Height of weir,
10 feet; width of ladder at top, 11 feet; length of ladder,
240 feet ; ope of ladder, 11 feet by 1 foot; width at foot,
24 feet ; breakwater, high, 1 foot ; side walls, high, 1} foot;
incline, 1 in 24 feet.

There are not a few sanctioned passes in this country
which the fish still persistently refuse to make use of, due in
some instances to the steep gradient on which they have
been constructed. Good authorities have considered that
as a rule the incline should not be more than 1 in 8 feet for
an effective salmon ladder.

The passes which have been proposed for assisting fish
to ascend through the body of an obstruction are few in
number, and scarcely in favour at present, but possibly they
have a better future in store for them.

The first proposition of this description which I can find is
as follows: In a report made to the Madras Government
(1868) from Surgeon Major F. Day respecting fisheries and
the weirs across Indian rivers, and proposing employing
their under-sluices and vents as fish passes, plans and
descriptions were printed and circulated in January 1871.
It -was suggested employing the vents of the under-sluices
as passes, by turning them into a species of lock. Modifi-
cations for the purpose of preventing too great a dash of
water into these locks were shown to be necessary, while
it was stated, that one having been constructed on the scale
of an inch to a foot when in England, and having been
properly fixed in a stream, some gold carp were tried, and
three passed through. A model of the first invention,
constructed with the kind assistance of Mr. Mostyn Ower,
was placed in the Buckland Museum in 1869.

The Cail “lock-swimming salmon pass” was first de-
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scribed before the British Association in the autumn of
1872, in which year it was designed, the inventor claiming
that by its means fish can be taken up falls in every river,
however high. The principle, as shown in Mr. Cail’s first
drawing, planned to overcome a 12 foot dam is by forming
a series of locks having a rise of 18 inches each, which, with
two extra for floods and freshlets, equals 15 feet level with
the highest flood line. Although these locks may be con-
"structed as small as 5 feet square, Mr. Cail prefers them
larger, and 3 feet deep. ‘The bottom lock is the largest,
while the pass should be designed as to its size, form, and
direction of the chambers to suit the nature and form of the
ground, while the entrance should be as near to where the
fish congregate as possible.

On a similiar principle an upright stair is designed for
places where the river banks are not suitable for continuing
locks horizontally, but where the water is closed by steep
rocky sides at the fall, and where a space can be got in a
corner to build a 12 feet square pass, havinz the lock made
either square or by constructing the divisions diagonally
across to make the locks triangular. Should the rise of the
lock be 16 or 18 inches, it affords abundance of height to
carry the locks over each other to any height ; and it can
be turned on to the bank by a trough, when required, and
taken round beyond the obstruction, whether natural or
artificial, to the high water. He observes that in these locks
“the only current of any consequence is confined to a short
space at each opening (or inlet), and is there moderate, with
a head of 18 inches, and only extending for a few inches on
each side of the opening, all the other parts of each lock’
being nearly still or quiescent,”
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DISEASES OF FisH.

Fish are subject to epidemic, endemic, and fungoid
diseases, as well as to many other causes or conditions
which have a deleterious effect upon_ their health. These
abnormal destructive influences may be (I) consequent
upon a poisoned condition of the water; (2) atmospheric
conditions and accidental causes; (3) diseases by which
they are. affected, including those of the ova stage and
infancy ; (4) fishermen’s and poachers’ energies, including
the injuries occasioned by vermin.

Beginning with how fish are poisoned by the condition
of the water in which they reside, the following primary
subdivision of the subject may be adopted. -This poison-
ing may be virulent and direct, due to- its immediate effects
upon fish life, or else it may be mechanical, as in cases
where the presence of mud chokes the gills, and occa-
sions suffocation. Or it may be éndirect by causing the
destruction of the living food which exists in the water,
or by occasioning or assisting an unhealthy condition of
the fish which reside therein ; this latter, however, will more
appropriately find a place while discussing diseases and
their cause.

Commencing with the fresh waters directly destructive
to fish life, due to their noxious condition, we find many
gradations of impurities. Thus, in May 1865, large
quantities of fish were found dead in the Roden, near Wem,
in Shropshire, due to an old gas fank having been drained
into a sewer which emptied itself into the river. The fish
were dead for miles, the bottom of the river being literally
strewed with them, not a single one being seen alive. In
the Teign great destruction of the finny tribe was perceived,
due, it was believed, to the presence of mine-water ; and the

MO H
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county analyst found that sulphuric acid and sulphate of
iron largely abounded in the stream. A minnow (Leuciscus
phoxinus) and a rudd (L. exythrophthalmus) were placed in
about a pint of water taken from the river near where the
stream joins it coming from the Wheal Exmouth Mine.
On immersion, they became very agitated, swimming here
and there with great rapidity, and springing out of the
water. Then their eyes appeared to become distended,
they swam on the surface, and in about ten minutes the
poor little minnow sank to the bottom and lay on its side.
The rudd was likewise affected, and death terminated
their sufferings within the hour. Some others were im-
mersed for the brief space of three minutes in water taken
from the Teign, and then removed to some clear good
water, but they never rallied, and three hours subsequently
were found to be dead. Chloride of lime is largely em-
ployed by poachers in order to poison fish, and scarcely a
month passes but that a notice may be read in the police
reports of some one having been punished for this offence.
But this proceeding may be legalised, provided it is done in
a wholesale manner ; thus we are informed that the pro-
prietors of the great paper-mills on the Cray river have
obtained a special Act of Parliament, freeing them from
any penalties which might be incurred from pouring the
self-same substance into the stream. The noxious charac-
ter of the refuse of paper-mills, dye-works, and bleaching-
grounds, are unfortunately but too well known, and mostly
permitted to continue poisoning rivers, to the partial, and
in some places, total annihilation of the fish, as well as
affecting the health of human beings or cattle which may
incautiously partake of the apparently limpid stream. But
this poisoning, though sufficient to kill some forms, may not
do so to all, dependent upon the amount and virulence of



FISH CULTURE. 99

what is discharged: young fish are first affected ; then
members of the salmon or trout family ; next carp ; and least
of all the common gudgeon, which will live in very polluted
liquor, so it is generally produced in Court by the counsel
for the defence of pollutions, swimming about in some of
the suspected water, and shown as a proof to the judge
and jury how unfounded a charge has been raised.

Artificial root manure, which is formed of bones dissolved
in sulphuric acid, has been observed to injure fisheries.
From three to five cwt. an acre are necessary, and should
this be employed in a field sloping down to a river, and a
severe thunderstorm set in just after it has been spread,
the surface rain-water which runs off to the river becomes
impregnated with it, and that to the certain injury of the
fish, and probably the destruction of much of their food.
Sheep-dipping has likewise the same effect the &7p being
- poisonous to fish. In East Prussia, in 1879, a brewer
having about 300 tons of beer unfit for consumption
allowed the mass to run off into a pond, with the result of
poisoning the contained fish.

I have in India observed rivers flooded at the first burst
of the monsoon, and stagnant waters have been washed
into them, destroying every living fish, evidently due to
some poisonous substance which they contained. I have
also seen the flooded Bowany river charged with mud, and
many sorts of fish lying dead on its banks, and floating
down the current. Natives will likewise throw a dam
across a sluggish stream, then by stirring up the mud the
fishes will become choked, which causes them to come to
the surface to breathe. In Ireland I have seen much the
same effect produced from a somewhat similar cause: the
season was hot, the water low, some cattle went into a
pool formed by a small stream in order to drink, while

H 2



100 FISH CULTURE.

moving about they so mudded the water that two trout
came to the surface nearly suffocated. The grayling,
formerly abundant in the Aire, in Yorkshire, were all
destroyed in 1824 by the bursting of a peat bog, which
became discharged into the river.

The instances which I have adduced demonstrate how
noxious and poisonous ingredients finding their way into
ponds and sluggish rivers may be immediately destructive
to fish life, although not so rapidly to some forms as to
others ; while the Teign experiment goes to prove that
poisons may be imbibed in sufficient quantities to take
away life, although the fish has been but a few minutes in
the polluted river water, and subsequently transferred to
such as is perfectly pure. Floods and waters having large
quantities of mud in solution, would seem, in some cases at
least, to occasion death by choking the fishes’ delicate gills,
and thus preventing respiration from being carried on.

It seems probable that steam-boats on rivers do a con-
siderable amount of injury to fisheries; not solely by
discharging their noxious residue into the stream, but by
constantly keeping up a wash they disturb the banks and
the spawn, injuring or even killing the fry, by leaving them
in hundreds to perish on the banks on to which they have
been washed. Due partly to the great increase of popula-
tion, and a disinclination to interfere with the employers of
labour, some of our rivers, especially near their mouths,
may be likened to enormous drains, with the result as seen
in the Thames of destroying entire species of fish, as the
salmon, which cannot now be said to exist there in a state
of nature. For to such an extent are noxious substances
discharged into our watercourses, that even in some which
are moderately rapid, the poison possesses sufficient virulence
to cause immediate death to any fish which come within
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the influence of its agency. Occasional floods clear out
the waterway in some rivers, while the mouths of drainage
pipes are commonly near the banks, and thus the salmon
has a chance of ascending, provided it keeps to the centre
of the stream. But the fry mostly keep more to the
shallows, and along the margins, and consequently when
they are descending to tidal waters they have to pass
through the most impure portions of the stream, which, if it
does not destroy many, must render them in such a sickly
condition as to fall an easy prey to the predacious forms
of fishes and fish-eating animals, which lurk about the
estuaries of rivers. The results of Hoffmeister’s experi-
ments in Germany upon the effects of sewer-matter upon
fish tend to show the noxious character of chlorine, and of
manufacturing refuse in which sulphur exists. When
water was mixed with these substances, the fish placed in it
turned on their sides and displayed signs of approaching
death, but some recover if removed to fresh water, others do
not. Resistance to impurities increases with the size of the
fish, and their sensibility to free acid and alkalies is small,
but quicksilver and salt of copper are rapidly injurious to
them. Salts of iron and alumina act in various ways,
according to the character of the fishes operated upon, carp
possessing ten times the resisting power of trout. Small
quantities of chloride of calcium were found to have no
injurious effect upon trout, even after several hours’ trial.
The higher the temperature the greater the noxious effects
of substances of a poisonous nature; consequently fishes
can exist during winter months in 'impure water longer
than they are able to do in summer.

Sawdust in rivers, from the time of Pontoppidan until the
present, has been deemed deleterious to salmon fisheries,
It is said to subside in rivers, filling the place where fish
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eggs ought to develop with impure and injurious matter,
occasioning a fatal fungus.

Passing on from fresh to saline waters we find that both
the direct and indirect causes of destruction present in
ponds, canals, and rivers, may likewise be in operation in the
sea, the water of which may be so noxious as to at once
destroy the residents, certain forms succumbing more
rapidly than others. Also the food upon which the fish
subsist may be diminished, due to some extraneous cause,
rendering the locality totally or partially unable to support
the shoals which generally arrive at certain seasons, in order
to obtain food or seek a locality which they may deem
desirable for the continuation of their species. Poisonings
of the sea-water for hundreds of miles in extent are known
to occur off the coast of India, but such phenomenon have
not been observed in our seas of late years; but in a
Parliamentary report into the state of the Salmon Fisheries,
in 1823, it is stated that 30 years previously, so great was
the mortality among certain fish, that ships sailed through
many leagues of the North Sea where the surface was
covered with dead haddock.

I will now pass on to the second subject of causes of
destruction, or suchk as are due to atmospheric conditions
and accidental influences. A low temperature has fre-
quently been observed to be disastrous to some of the
finny tribes, sand smelts (A ¢4erina), surprised by a sudden
frost in the shallow waters of a harbour, have been
killed in numbers. Congers are very sensitive to cold,
at which times they become what is commonly known as
“blown,” and float on the surface nearly or quite dead. Near
Cork, in 1841, many died due to frost, and others were easily
captured, although the water was from 40 to 60 feet deep,
and brackish; while there are many recorded instances of
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eels and other fish succumbing due to excessive cold. On
the other hand, some forms will recover after they have been
apparently frozen'; thus, Mr. Wright observed, in 1866, that
during a very severe frost, a few winters ago, some
gudgeor;s, which had been kept in a fish-can filled with
water, became completely frozen into literally a mass of ice ;
believing them to be dead, they were flung on to a manure
heap, and slightly covered by straw. A few hours subse-
quently they were found to be alive and brisk. Thirty-five
gold-fish were in a pond at Dumfries, which was 3 feet
deep ; this was frozen into one solid mass, subsequently the
fish were thawed out, and twenty-five entirely recovered.
Livingston Stone remarked having repeatedly witnessed the
resuscitation of frozen trout, pickerel, and perch, on
thawing them out in fresh running water, even after they
had been carried for miles, but that it is only under
certain circumstances that they will revive. If caught on a
cloudy day, when it is freezing hard, provided they are not
hurt by the hook, and they freeze immediately upon being
thrown on the ice, they will revive on being thawed out.
But if allowed to toss about in the sun, on a clear day, and
probably not frozen for an hour or two after they are caught,
they will not recover. Sir John Franklin, in his first over-
land journey to the Polar Seas, states that the fish froze
as they were taken out of the nets, and in a short time
became a solid mass of ice, and by a blow or two of the
hatchet were easily split open, when the intestines were
removed in one lump. If in this frozen state they were
thawed before the fire they recover their animation. A
carp was observed to recover after it had been apparently
frozen thirty six hours. Experiments have shown that no
animal completely frozen is susceptible of revivification, as
freezing disorganises the blood; but animals may be
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surrounded by ice without being frozen themselves, unless
the temperature is very low. During the winter of 1880-81
a great destruction of salmon ova occurred in Highland
rivers and streams, through the displacement of spawning
beds by masses of ice, which the severe frosts accumu-
lated, and numbers of salmon were found dead imbedded
in it.

Electrical disturbances may be the accidental cause of
the death of fish in tropical countries ; hail and thunder-
storms united will sometimes depopulate rivers. In 1879
the occupants of a small fish-pond in the Duchy of
Nassau were destroyed by a flash of lightning, on the
following morning all being observed dead on the surface,
and presenting the appearance of having been half boiled.
On July 7th, 1865, a flash of lightning struck a house in
Hamburg, from which at about 200 feet distance, in a shady
spot in the garden, and in the open air, was a large fresh-
water aquarium, containing forty-three fish, consisting of
tench, carp, dace, roach, gold-fish, eels, and two species of
loach, &c. At the moment the flash of lightning occurred,
every one of these fish became suspended perpendicularly
downwards in the water, with their tails at the surface,
feebly and vainly attempting to swim towards the bottom
of the tank, with all their fins strangely attenuated, as
tranﬁparent as fine tissue-paper, and densely covered on
both sides with myriads of fine air-bubbles, while their
heads and bodies were not so covered. In less than half
an hour forty-one were dead, strongly curved, almost in the
form of semi-circles and already fast decomposing ; two
gradually recovered upon being placed in running water.
Direct heat on water may be very destructive to fish-life,
not only among the young but also to adults. During the
dry weather in the Orkneys, in 1882, the water in Loch
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Harray, on the West Mainland, was reduced in volume, and
rendered tepid by a succession of hot days. The trout
assembled in shoals at the mouths of the burns, and were
slaughtered in thousands by netting. Of course the
coolest’ places were at spots where streams emptied
themselves into the Loch. -While there are few who have
observed young fish being reared in ponds, but have not
been made unpleasantly aware of the fact, that if the
temperature rises above a certain point the fish die.

Gales are also occasionally destructive to fish, as on April
13th, 1874, when a violent one broke over Scilly, and large
fish as conger, hake, ling, &c., were tossed about in their
watery homes, and at last flung by hundreds on the rocks.
Some were denuded of scales, others had their heads stove
in, while even those which live at rocky bottoms fared no
better than their neighbours. A high tide may prove
mechanically destructive in a river ; thus in October 1881,
between Kew and Mortlake, a great quantity of small roach
were left on shore by a receding tide ; as many as three and
four thousand were returned alive to the river. In Norfolk,
it has been remarked, that should the salt water overflow
localities generally filled by fresh water, the first fish to
suffer are the pike, bream, and roach. Tench are nearly
exempted, due to their remaining in the broads, to which sea
water seldom extends, but, should it do so, they perish
before the bream. Perch will bear a strong admixture, and
eels seem to resist saline influence altogether.
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APPENDIX.

7o the SECRETARY
Of t/he INTERNATIONAL FISHERIES EXHIBITION,

DEAR SIR,

¢ In compliance with the invitation from the Committee of the
International Fisheries Exhibition contained in Class VL., Div. 61,
I venture to send you a short account of an expedition to the
Continent, undertaken in 1852, for the purpose of introducing into
England several species of freshwater fishes, at that time unknown
to it, viz., the golden tench, the pond loach, the scaleless carp,
the royal carp, and the sly silurus.

“The golden tench (Cyprinus tinca auratus) of M. E. Bloch,
but I believe only a variety of the common tench, yet a very
beautiful variety and one easily maintained, was first introduced
into England in the spring of 1852, from a place called Baredow,
25 miles from Breslau in Silesia, together with two other species
of carp, the scaleless carp and the royal or spigge/ carp, which
latter fish is, I believe, a cross between the scaleless and the
common carp. These were brought from the property of Baron
Cloch who had more than 2000 acres of land, alternately cropped
with corn and fish,

“To the same expedition two other species 6f fish were added
in Berlin, viz.,, the pond loach, and the sly silurus (S#wrus
glanis), together with many more specimens of the golden tench.

“Through the friendship and valuable assistance of Baron
Cloch and of Herr Max Riidiger, and the kindness of the station
master at Berlin, of Herr Shultz at Hamburg, and of the English
captain of the ¢ Hamburg’ and ¢ Hull’ steamers, all went well with
these fishes until they neared the English shore, when they were
met by a thick fog. The captain alleging that he might be kept
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three days at sea, said with reluctance that he dared not supply
any more water. Ice was plentifully used and the water kept
aérated with a large long brass syringe with numerous fine holes.
At length the fog lifted, and the captain seeing his way, graciously
granted the fishes more water, and steamed into Hull,

“ Meanwhile, the water was entirely renewed ready for the
express train. The custom-house officers, either from excessive
zeal in the performance of their duty, or from curiosity, insisted
that the water should he turned out from two carboys and from two
large tubs, that they might satisfy themselves there was nothing
in them contraband ! This cruel and unnecessary demand was
resisted, and in the end with success, owing to the testimony of
the passengers, and their indignant remonstrance, coupled with
the fact that the largest tub containing three fine specimens of
Silurus glanis, which had early died on the way, had been given
to the mate of the steamer for his kind assistance.

“This tub was ordered to be new, but the cooper had used
some staves from an old wine cask, and these fish being total
abstainers resented the insult and died. But time had been
wasted, the express train had been lost, and of consequence all
previous arrangements for England were at an end.

“The fishes were knocked about from Huil to Peterborough in
a goods train. The late Rev. John Fountaine happening to be
on the platform when the train arrived there, two carboys were
given him, one containing some pond loach, the other #ree
golden tench ; these he took with him and placed their contents
in two separate ponds belonging to his brother, the late Andrew
Fountaine of Narford Hall in Norfolk. The rest of the golden
tench, the scaleless carp, and the royal carp were placed in a pond
of three acres, a few miles from Norwich. The house and
shooting on the estate were let to a gentleman with the exceptions
of the above pond and the fish it contained, which were especially
reserved to the landlord. However, the son of the tenant caught
numbers of these fish, and a pike was put into the pond ; so that
years afterwards, when the pond was laid dry, the pike having
been seen and shot, one single golden tench alone remained
which was taken to Brooke. Two years after the #iree golden
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tench had been put into Mr. Fountaine’s pond, one of them, a
fine female full of ova, died. Great expectations rested on two
individual fish, and hope suggested that they were a pair. Two
years afterwards the pond was full of little golden tench.

“Years later, Colonel Joseph Hudson wished that some of
these fish should be sent to London for the dinner of the
Acclimatisation Society. They were sent, but only on the express
conditions that they should 7o# be eaten, but should be placed on
the dinner table alive and in an aquarium, and afterwards put in a
suitable pond to breed. Mr. Cook, the late Mr. Fountaine’s
gamekeeper, a truly honest man, delivered them in carboys at the
Shoreditch Station into the charge of a man sent by the late
Mr. Frank Buckland, who took them to the dinner. Some ot
them were afterwards sent to Mr. Hickford Burr of Aldermaston
Park, near Reading, where they bred.

“Mr. Fountaine also gave some to the Duke of Marlborough,
who ordered that all instructions sent with them should be strictly
carried out. But this was not done; and although the fish did
splendidly at Blenheim for many months, when the frost broke
up they were all found dead. No deep hole had been made in
the pond in which they might hibernate. Mr. Fountaine also
gave, about fourteen years ago, seven golden tench to the present
Lord Walsingham, who placed them in a fine piece of water,
fresh cleaned out and in every way admirably adapted for them.
Some fine specimens were kindly sent by his lordship to the
Fisheries Exhibition at Norwich. Large numbers of the progeny
of the original seven have been also sent to the International
Fisheries Exhibition by Lord Walsingham.

“Baron Cloch informed me that he had a few fish, a cross
between the golden tench and the common carp. He clearly did
not wish to give me any of them, and I had no desire to introduce
a mongrel fish, feeling that the breed of fishes should be kept as
pure as possible.

“'The rest of the sly silurus were carried to Morton in Norfolk,
and placed in a pond near the river Wensum. Two years the
pond was dragged, and the fish found there. After a time, the
grating which confined them was broken, and they got away into
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ZOOLOGY AND FOOD FISHES.
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IT may be safely said that there is no greater source of
popular error than that arising out of the mere want of
knowing the exact relations of a being to its surroundings.
This is largely due to the fact, that the generality of man-
kind, absorbed in the cares of daily life, passes by unheeded
things overlooked because always present.

As all human knowledge has been acquired by the
exercise of ordinary powers of observation, no apology is
needed here for their application to a familiar fish.

In one of the tanks of this exhibition there will be found
the common Trout; admired by all for its beauty and
delicacy, well known to the angler for its agility, and to the
fisher by certain external features, it still bears for us all
under the présent circumstances a lesson of even greater
importance. All science is cosmopolitan, and systematic
working is demanded of its followers and advocates, in
order that it may fulfil its purpose in the advancement
of knowledge; to this end our little Trout is known to
every Zoologist by the name of Salmo fario, that having
‘been bestowed upon it by Linnzus, the father of our
present system of nomenclature. While admiring the grace
and elegance of the living animal, it may perhaps occur to
some of us that it is just what we should imagine a fish
ought to be—a thing with a pointed head and a long tail.
True, but is this all ? First, let it be noted that the body
consists of three subdivisions—a head, a trunk, and a tail ;
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the latter is used as a propelling organ, and there is a total
absence of anything like a neck. The object of this is at
once apparent, as any irregularity in the surface of such an
animal would be a serious obstacle to ease of progression.
The mechanical propelling action is kept up by the tail,
which is produced into a notched fin—the caudal fin—but it
will be seen that the more delicate movements are regulated
by the other fins, of which in this animal there are seven. A
little in front of the middle of the body there is placed, on the
back, the large anterior dorsal fin, and midway between it
and the tip of the tail there is a small posterior dorsal fin;
on the lower or ventral side of the body there occurs, in
nearly the same position, a single anal fin, so called because
it lies immediately behind the vent. If a line were drawn
along the middle of the back for its whole length, it would
eoincide in position with these dorsal and ventral fins ; they
are therefore said to be median, as distinguished from the
remaining four which are lateral and paired: this line
would also subdivide the animal into two halves, each of
which would be like the other, and such a creature is said to
be bilaterally symmetrical. The paired fins then obviously
correspond, in relation, to our own limbs, and they in fact
represent them ; the anterior or pectoral fins are placed, as
they would be with us had we no neck, close behind the
head ; while the posterior or ventral fins are in position
rather more than midway between the pectoral and anal
ones. The body is seen to be clad for the greater part in-
small scales, which, however, do not cover the head and fins ;
itis of a whitish colour beneath, becoming greyish laterally,
and getting darker as the back is reached; the head and
body, in part, are spotted with black, and generally there
occur also some yellowish or reddish spots upon the sides.
As the Trout, in common with even man himself, has a habit
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of modifying its colour under change of circumstances, varia-
tion in this respect is not surprising.

Running along the side of the body is a streak, called by
Zoologists the lateral line ; it is a highly modified structure
of the nature of an organ of sensation, and in all probability
plays a more important part in the economy of the animal
than is at present imagined. On examining the head, the
large eyes are clearly visible, and midway between them
and the tip of the snout there is seen on either side an
aperture, which upon close inspection is found to be
divided into two by an oblique fold of skin; this is the
external nostril leading into the nasal chamber. There
are no true eyelids present, but the skin is produced into a
couple of transparent folds, which lie in front of and behind
the eye respectively. ‘

The only remaining parts in the living animal to be noted
within the scope of these pages, are those concerning its
respiration. The fish, in common with all living things,
plant or animal, must have air, and as this is held in
solution in the water, much as we should hold water in
a sponge, the fish gets it by swallowing and squeezing, so
to speak, the surrounding medium.

Immediately behind the mouth, on either side, is seen a
movable flap—the operculum ; its movements will be seen
to follow immediately upon those of the mouth, and as
under cover of it there lie the red gills, it is also called the
gill cover. There exists a series of slits in the side of the
neck between the gills, placing the cavity of the mouth in
communication with the gill cavity, and so with the ex-
terior ; this being so, the animal on opening its mouth admits
the water, the mouth is then closed, and the current of
water, unable to find exit elsewhere, is forced out over and
between the gills, the movements of the gill cover being
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partly due to the force of this outsetting current, and partly
to a muscular effort. In order that the water may not pass
down the throat, and so on into the stomach, the back of
the former is closed ; but more than this, for if carefully
watched, it will be seen that the fish does not completely
close its mouth, and that at every respiratory movement
there appears between the jaws an apparent film, clear and
almost transparent ; this, which has been called the “veil
or cross-membrane” among fishes, really consists of a
couple of delicate folds of the lining of the mouth, so ar-
ranged that the water, in the very attempt to rush out in
front, forces them into action to defeat its own purpose.*

These observations are about all that an inexperienced
onlooker can turn to any scientific account, without the aid
of anatomical knowledge; but a deal may be done by
making good use of the power of observation in the
ordinary course of life, and sufficient can be made out of
the organization of a fish or other animal by merely pulling
it about, if not in the exercise of the gastronomic function
itself, to illustrate the leading facts of its structure.

Upon handling a fresh and uninjured Trout, the first
noticeable thing is that whereas the body is soft and clothed
in muscle or flesh, the head and its adjacent parts are hard
and encased in a bony skull; the fins, too, are supported
inside by a series of horny filaments or rays, and if put on the
stretch, the scaleless skin which covers them will be seen to
form a kind of web, while these fin-rays themselves fray
out as they approach the edge of the fin. In front of and
giving attachment to each of the paired fins can be felt a
bony mass ; that of the anterior is very large, and it—the
shoulder girdle—runs up towards the skull, and forwards
under the gills ; the posterior one, on the contrary, is very

* This can be well seen in the Pike.
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small, and runs parallel with its fellow, constituting the hip-
girdle. The two correspond to our own shoulder blade
and hip bone respectively. These several bones, together
with the vertebral column, make up an internal or endo-
skeleton, as distinguished from the scales which, forming an
armour on the surface, constitute an external or exo-
skeleton. Each of the scales, if raised, will be seen to both
overlap and to be overlapped by its fellows, and while a
delicate film of skin will be found connecting them together,
a forcible pull is needed to displace one, which, like the
drawing of a tooth, proves a close connection to exist
between it and the underlying tissues. These latter, in a
large fish, would show signs of rupture at that point to
which the scale had been attached.

If the mouth is forced open, it will be seen that the two
jaws are beset with a series of sharp teeth, which are
distributed over the whole gape, extending as far back as
the middle of the eye, while in addition there occur, on the
roof of the mouth and on the tongue, certain sets of similar
teeth, all of which are recurved and so arranged that when
once the prey is seized, its struggles only serve to hold
it the firmer. The folds of the veil or cross membrane
already alluded to, can be seen to consist each of a back-
wardly directed flap of the lining membrane of the mouth,
lying behind the teeth borne by the jaws, and so arranged
that the water, in attempting to flow out whence it came,
must of necessity force them in front of it, until meeting
they stop its passage. If the gill cover be raised, there
will be seen four complete gills, each supported on a bony
base called the gill arch, while behind the last one there can
be felt a small but similar arch, which bears no gill ; like the
rest, however, it has on its upper edge a series of horny
filaments, the so-called gill-rakers, which are beset with
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minute teeth. Closely applied to the inner side of the gill-
cover is a small gill-like structure; this is, as it appears to
be, a reduced gill, known as the opercular gill or pseudo-
branchia. That which is called the “belly” of the fish, is
in reality a large cavity—the body cavity—which, as can
be readily seen, lodges all the visceral organs ; its walls are
made up of flesh, which is continued into the great muscles
of the tail. Conspicuous among these internal organs
is the large swim-bladder or air-bladder as it is at times
called ; it lies along the back, just under the spine, and is
that which we familiarly call the “silvery streak” of the
Herring. Immediately below this lies the alimentary canal,
with its related structures; chief among these are the
yellowish liver, with its bile-duct and gall-bladder, and
certain finger-like organs, known as the pyloric appendages.
It can easily be seen that this alimentary canal is a tube
having thick muscular walls, and lined by a soft moist
mucous membrane ; at the point where these said processes
are attached, there is a sudden change in its characters ; the
walls, which become thicker as you pass from the mouth,
suddenly get thinner, and so a constriction or valve is
formed ; the portion between the mouth and this valve con-
stitutes the cesophagus and stomach, and all between this
and the vent is the proper intestine, which, it will be seen,
does not pass straight out of the body at once, but is bent up
before doing so. Attached to the hinder end of the stomach is
the dark red spleen, and if on eviscerating a fish such as this
a little care is taken to slit up the intestine, no difficulty
will be found in ascertaining the nature of its contents. In
the stomach we find more or less undigested food, perhaps
but recently swallowed—some small worms it may be in
this case, or what not; in the bent part of the intestine will
most certainly be seen a whitish, pulpy looking mass, which,
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3s we follow it back, becomes greenish, getting darker as
the vent is approached, and in all probability will contain
certain small pieces of solid matter, such as chips of twigs,
small stones, or other similar structures. The alimentary
canal then is but a long bent tube running through the
body, beginning in the mouth and ending in the vent.
If its contents are washed out, there can be seen in the
Trout, in rather more than the last half of the straight
portion, a series of circular folds, which project into its
interior ; they vary somewhat in shape, and really corre-
spond in position to certain blood vessels in the intestinal
wall. Such an arrangement as this is called an intestinal
valve. If the swim-bladder is opened, its thin walls can
be seen to enclose a large undivided cavity, filled with
air, and in its front end is a large aperture, which opens
by a short duct into the gullet. Suspended below this
air sac are two whitish-yellow organs, which vary in size
with the season of the year, being, in the Trout, largest about
autumn ; one is often larger than the other, and when ripe
they constitute the roe; the “hard roe,” consisting of a
number of small “grains ” as fishermen term them, is really
the female reproductive organ, each grain being a small
egg, and the “soft roe” is the male organ of generation.

Close under the spine, and running along the whole
length of the body, are two dark-brownish organs—the
kidneys; they are placed side by side, and lying along
the face of each is a transparent tube—the kidney-duct or
ureter ; these two ducts unite and open behind the vent by
a pore. In the female, immediately in front of and or
either side of the vent is a small slit, which, as it places the
body cavity in communication with the exterior, is.called
the abdominal pore; when ripe the roe is passed out or
shed through its agency.
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It must be noticed that when we remove the flesh, unless
the animal has been first boiled, some force is needed to
pull it away from the backbone; here lies the root of a
most important matter, for while it is obvious that the bony
skeleton protects certain important organs,it at the sametime
forms a support for the body, and also offers a surface of
attachment for the flesh or muscles, by which the ordinary
movements of the animal are maintained.

Ample opportunity is afforded us in almost every day of
our lives, of observing that this backbone consists of a
number of similar bodies which get smaller as the tail is
reached, and that each of them is a bony nodule from which
go off certain processes to either enclose or support
important structures. The ends of each discare excavated,
so that between any two there is in life a space which
encloses a gelatinous mass ; as each of these bodies is called
a vertebra, the whole series form what we know as the
vertebral column.

As regards the head, the eyes have already been noted,
and the nostril will be found to lead into a small sac—this
is the organ of smell or olfactory organ. " Our fish then can
smell, and it is as certain that it can see, but at first sight
we are at a loss to account for its marvellous powers of
hearing. There can be felt through the skin close behind
the eye a hard bony case, and if this is sliced, some-
thing is sure to be seen of a delicate but complex organ,
enclosed within it; this is the auditory organ, and the
well-known “ear stones,” to which such wonders have
been accredited medicinally, are contained within it. There
are no visible “ ears,” such as those which characterize but
so_rarely adorn ourselves ; but they only form part of the
apparatus, and the truth is, that the fish has infinitely larger
ears hidden inside its head than even we possess, but it has
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no trumpet-like arrangement with which to convey the
sound directly to them like ourselves. How far this is true
of all fishes we shall see in the sequel.

Inside the head a white pulpy mass can be found. It is
small, and lies just behind the eyes and between the ears;
it.is that seat of cunning and deception called the brain; a
complex structure it is true, and suffice it to say, that it
does not fill the whole cavity in which it is lodged, and
that if traced back it can be seen to be continued into a
long white cord—the spinal marrow—or spinal cord, which
runs along the back to the tail, and is protected as we have
seen by the bones of the spine. Going off from some part
of it can be seen certain delicate white cords or nerves,
which are connected with all the organs of the body, and
no difficulty can be found in making out at least the large
one which enters the eye from behind. We thus see that
the head bears the brain and organs of the higher senses
which are closely connected with it, and it may be noted
that these occur in the same order in the lowly fish as in
the lordly man,

Summing up all this, we find that the body is made up of
so many sets of organs, or systems as we call them ; there
are the skeletal, the muscular, the alimentary, the nervous,
and so on, each of which has its own special function. If]
however, any organ so far described, or any part of the
body is examined, it will be seen to be more or less com-
pletely permeated by blood vessels, as the red colour of
the sanguinary fluid shows ; and in the living fish this can
be most admirably seen in the gills, and at the bases of
some of the fins. Immediately in front of the liver, and
beneath the gills, there lies the heart, and all the various
blood vessels are directly connected with each other and
with it. This “wellspring of life” is for ever pumping on
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the vital fluid, which in its course passes from it through the
gills, thence to every corner of the system, and back again
to its portals. Sometimes palpitating, sometimes fluctuat-
ing, but never ceasing, this active organ sets us a noble
example, with, at a low estimate, two and a half thousand-
millions of pulsations during the life of a man of three
score years and ten; performing work each day exceeding
that required to raise 120 tons to a height of one foot.

Dismissing now the structure of the fish, let us consider
the mutual relationships of the various systems detailed
above. We all know that both a fish and a man must eat
to live, although it often happens that one or other of them
may reverse the process ; we know that if starved we must
perish, and so it is quite clear that this feeding propensity
lies at the very root of the matter. Any one who has
watched the natural movements of a fish or other animal,
must be aware that throughout life a deal of waste matter
is passed out of the body in one form or other, and it must
have occurred to such an one, that it is to make good this
waste that we eat.

It is characteristic of all living things, animal or veget-
able, no matter of what they are composed—and this is
often of much that is distasteful—that they consist in the
main of carbon, hydrogen, oxygen, and nitrogen, which by
their union form what are called proteinaceous substances.
If, then, this process of waste is constantly going on, it
must of necessity be the result of a breaking up of these,
just as certainly as the loss of substance in ordinary wear
and tear is due to a breaking up of that which is concerned.
In the case of living things, in order to make this good,
recourse must be had to the four constituents afore-
mentioned, and it is one of the misfortunes of the life of an
animal, that whereas the plant can manufacture its protein
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out of the soil, the animal, having no power of doing this,
must get it ready made ; and to this end it is that all that
it eats was originally part of some other living thing.
Allusion has already been made to the contents of the
alimentary canal of the Trout; but upon reflection, it is
quite clear that in addition to the purely nutritive material,
there must be taken into the system, by so voracious an
animal, much that is not wanted; for instance, although
the fish requires certain fatty and mineral substances in
addition to the purely nutritive ones, it, on eating say a
minnow, neither wants nor retains all its bones and hard
parts, any more than would a man. Once in the system
these must be got rid of, and while no man ever dreams
of swallowing fish-bones or tea-leaves, it may not
perhaps have occurred to many of us, that in discarding
these and similar objects, we are doing by instinct, just
that which nature is constantly doing for us unconsciously.
As swallowed, the food-material is insoluble, and before it
can be taken up into the system it must be broken up and
rendered fit for use. The walls of the stomach have buried
up in them certain glands, by the agency of which, together
with that of the pancreas, when present, and the liver, this
is effected, and a digestive process goes on. That milky-
looking emulsion, found in the first part of the intestine of
the Trout or any other animal, is food material thus acted
upon, and as the intestinal walls contract it is forced
through them much as you can squeeze mercury through
a wash-leather. It is then taken up by the blood as
it flows on, and is thus conveyed to the parts of the
body as so much nutritive material; it is now as fully
part of the animal as is its blood, and an assimila-
tive stage is reached. The innutritious portions, not being
taken up, because not dissolved, are now passed on, and
K 2



132 ZOOLOGY AND FOOD FISHES.

together constitute the solid excreta, the characteristic
colour of which is due to the admixture of the colouring
matter of the bile. An excretive function is thus estab-
lished ; but it is only one form of such, for in its course
through the body, the blood is for ever giving up the afore-
said nutritive material, and receiving in exchange waste
products—products of decomposition—which are again
drawn off from it, and finally cast out of the body as
useless ; their retention would in fact prove fatal. The
kidneys are the leading organs which perform this duty,
while that form of excretion going on in the gills is known
as respiration or breathing.

As distinguished from these excretory processes, those
going on in the liver and other glands, where the bile or a
similar fluid is formed to be again used in the system, are
known as secretions. These functions are all absolutely
essential to the welfare of the individual ; stoppage of them
would cause death, and they are therefore said to be vital ;
there arec certain others, however, hardly less important,
chief among which is that of motion ; moreover, if the living
animal be watched, it will be seen that it also has the
power of altering its course, and of doing numerous other
things, which we cannot ascribe to any but an intelligent or
at least a highly sensitive power—a power of control over
its actions, in which even the highest animals are at times
deficient.

One essential remains. The Trout, at all times timid and
retiring, frequently rests by day under shelter of some
shady spot, and its activity increases towards night;
towards autumn, however, it secks its fellows, activity is
generally very great, and the conjoined efforts of the two
sexes come into play for the furtherance of the species ; the
roe is shed, and a reproductive phase is reached. ,The



ZOOLOGY AND FOOD FISHES. 133

creatures now live on, again to repeat these several
processes, or, their course being ended, they pass away in
what we call death. Looked at thus, the whole organism
is but a machine, in which, from a material point of view, a
constantly recurring cycle of changes is for ever going on,
assimilation and waste perpetuaily at work. A balance in
favour of assimilatior results in the accumulation of
nutritive material, and growth follows ; while a balance in
favour of waste leads on to failure on the part of one or
more organs, and the body, no longer capable of concerted
action, dies. This “natural death” or wasting is, however,
not to be confounded with that which is the more common
cause of death—destruction—which is really artificial, and
due to the presence of a foreign element having no
existence in the healthy system.*

We are now in a position to form a clear notion as to
what a fish is, and of its relations to its surroundings.
That which is true of it is equally true of all living beings,
from man himself down to the smallest organism which our
microscopes can reveal. Life is the sum of these several
activities, and the reason for introducing any mention of
them here is simply and solely because it is for the
products of certain of them that we capture our fish.}
For the maintenance of this “life,” and the gratification of
its manifold desires, our complicated trading systems exist.

Leaving now this physiological line of thought, it will be
noted that our Trout is one of 9,000 or 10,000 species of
animals, each of which agrees with its fellows in having a
bony vertebral column, a bony gill cover, and in certain
characteristic features of the bony skull, the gills, and other

* No better case can be here cited than that of the Salmon-disease.
t Certain special functions and their significance, will be dealt with
in due course.
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organs, For these reasons they are all classed together,
and called the Zeleostei, or bony-fishes. As we proceed
further, we find that of these some 3,000 have an air-bladder
which opens into the alimentary canal, and we there-
fore group them together and call them the Physostomi.
Certain of these again exhibit characters in common ; they
differ very much in size, colour, and habit; some ascend
the rivers merely to spawn, others live in deep water, while
others never leave the river or lake in which they abound.
Their internal anatomy differs somewhat, and while they
agree on most points, there is a great diversity on others, as,
for example, the number and size of the pyloric appendages.
Still, they all have scaleless heads, the small second dorsal
fin, and other characters in common ; and while they are
not the only fishes in existence which show one or other of
these, it is still very convenient to associate them under one
order, which, with the Salmon as its head or type, we call
the Salmonoides ; it includes the allies of that animal, all
the Trouts, the Truffs, Blue Polls, Chars, Polans, the Smelt,
Grayling, and others. It will be observed that this result
is the outcome of the comparison of a series of forms;
certain features predominate, and we therefore speak of
them as characteristic of the group ; but as, in comparing
any two forms, differences are to be found, our standard,
although convenient, is artificial. Still, in accordance as
any form differs from it, it is said to be modified ; if, as in
the case of the grey and the common Trout, the difference is
slight, the one or other is said to be slightly modified ; but
if great, we say that it is highly modified. This branch of
science is known as Morphology, and it is the expression of
likeness and unlikeness ; as will be seen, its teachings are in
some respects purely tentative, and liable to be replaced as
“knowledge advances. They are none the less useful for
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working purposes however, and we will now apply them to
certain characteristic forms of food fishes.

By such methods we create our species, genera, and so on,
study of each of which shows to us evidence of an ever-present
tendency to change, an ever-constant wrestling for power or’
precedence in the struggle for existence. Inability to cope
with adversity leads on to extermination ; competency to
do so results in survival, under changed circumstances—
“the survival of the fittest.”

The Prhysostomz include such valuable food fishes as the
Herrings, Carps, Eels, the Pike, and their allies ; whatever
variations may exist among them, they all have in common
the open air-bladder, and excepting instances where the first
dorsal or pectoral fins may be spinous, all the fin rays are
soft and branching like those of the Trout already referred to.

Taking first the Herring tribe or Clupeide, which in-
cludes the Pilchards, Sardines, Sprats, Shad, Anchovies, "
Whitebait and others, we have to deal with shore-loving
gregarious forms, whose bodies are covered with large
scales, which on examination are seen to be smooth-edged,
or cycloid as tfley are called, as distinguished from those
which, having comb-like edges, are called ctenoid ; the head
in these animals is scaleless or naked, and along the ventral
side of the body the scales often assume the form of
serrated bony plates. Unlike the members of the Salmon
tribe they have but one dorsal fin, and as in them, the pelvic
or ventral fins which lie vertically below this are said to
be abdominal, while the pectoral fins are in their normal
position. The notched tail is very short, the vent and
single anal fin being placed far back. The eyes are large,
and guarded by two folds of skin, as in the Salmons; these
are not true eyelids in the sense of those of the higher

animals, although like them they are protective organs. So
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far as external characters go, therefore, they differ from the
Salmons mainly in the absence of the second dorsal fin.
When the mouth is examined, a marked difference is seen,
for its supportlng bones are highly movable, and united
together by a flexible integument, so arranged that on
opening the mouth there is formed a sort of funnel. Their
food consists of minute animals and small fish, and, like
nearly all fishes, they swallow their prey whole ; their teeth
are reduced to a minimum, being either very small, or, as in
the Shad and Anchovy, practically absent. The animal
swallows its prey in great quantities, swimming on to it so to
speak open-mouthed ; as of necessity it must take in much
that is not wanted, the gill-rakers are enorfnously enlarged
and form a straining apparatus, through which, on closure
of the mouth, the water and any useless material are drained
off. All have pyloric appendages and gill-structures like
the Salmons ; the air-bladder, however, is Strangely modified,
for it opens behind the vent externally, and its duct com-
municates, not with the gullet as in the Trout, but with the
stomach ; no great skill is needed to see that this “silver
streak ” runs up into the head, and it there gets in among
the bones of the skull, abutting against the parts of the ear
in a very curious fashion.

Turning now to the Carp tribe or Cyprmozds among which
are found the Roach, Dace, Bream, Minnow, Rudd, and their
allies, we come to a group of highly modified freshwater
fishes. Externally they are much like the herrings, except
that the body is generally more oval in shape. In the
well-known Gold-fish and some others the dorsal fin is
elongated, generally,. however, the ventral fins lie just
beneath its anterior end. Very often, that region of
the body in front of these is shortened in proportion
as the body is rounded. In some of the Breams, the
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body-cavity and vent are carried forwards, and with
them the ventral fins, so that the anal fin, lengthened
in proportion, comes to lie beneath the dorsal. Most
of them have toothless jaws, and, with the exception of
certain ‘African Loaches, a large horny tooth at the
back of the throat. Here are fishes wholly or mainly vege-
table feeders, they have no jaw teeth, but as a crushing
power is of service to them, the last pair of gill-arches—which
do not, however, bear gills themselves—send in teeth, to meet
which the skull sends down a ledge of bone into the roof of
the mouth, which bears the large horny mass alluded to
above. They have no pyloric appendages, but upon opening
a Carp or Roach, one cannot fail to be struck with the large
air-bladder ; it is subdivided into two chambers, the front
one of which communicates wifh the alimentary canal by
a long duct, and also with the ear, not, however, by
sending up a process into the skull as in the Herring, but
through the agency of certain small bones which become
so modified as to form, between it and the ear, a chain of
buffers.

The air-sac in most fishes is hydrostatic in function, that
is, the animal has it in its. power, either by the control of
certain muscles or otherwise, to partially fill or empty it of
the contained air or gas; it thereby acts as a float or a
balloon, altering the fish’s specific gravity. It is no un-
common thing for this organ to rupture and burst, when, on
being taken from the water, the animal is relieved from
pressure. Although this hydrostatic function is that of the
air-bladder originally, it is not its only one. Its tension
in the Carps is most striking ; so fully distended is it that it
will answer visibly to the touch of a hair, and as it is in
close contact with the body wall and viscera, it is but fair
to assume that it also serves to convey to the’ ear, by
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means of the structures just described, impulses originating
in the motion of bodies in the water; the Carps and
their allies all live in ponds, lakes, or shallow rivers, and
the air-bladder, not needed for hydrostatic purposes, is here
put to a new use. This change is correlated with life in
shallow water, as the only other fishes which show it are
either freshwater forms, or if they enter the sea are merely
“coasters.” One of such is the gigantic Sheat-Fish, a
Siluroid which abounds in the Danube. Many fishes
produce an audible sound on removal from and often in the
water, and certain of these Siluroids have been called the
“Fiddler Fishes” from the characters of the sound they
produce ; while many forms, either by the flapping of the
gill cover, by the sudden expulsion of air from the air-
bladder, or by certain other methods, produce these and
similar sounds. It is only among the Siluroids that we find
a special apparatus set apart for this purpose, and it may be
that the accessory auditory apparatus is specially adapted
in connection therewith.

The fact that in some of them the body wall thins where
the air-bladder comes in contact with it, favours the suppo-
sition that it is related to the ear, as is the drum of that
organ in the higher animals,

Any such apparatus would be advantageous, if only it
could detect the presence of the voracious Pike. The
characters of this freshwater demon are familiar to most
people, and however man might regret it, its disappearance
would be hailed by many valued fluviatile fishes. It is
represented by the genus Esox alone, the massive well-
set frame of which needs no comment here ; we find the
second dorsal fin again present, but this time in the absence
of a first, while its long body bears the familiar abdominal
ventral fins. In the head there are seen great changes;
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the capacity of its mouth is well known, the nostril,
instead of being at the extreme end of the snout, is
placed a little in front of the eye, and it is clear, there-
fore, that the “running to jaw” which it exhibits is due,
as in many other fishes, to an elongation of the pre-nasal
portion of the head. Teeth of the most formidable kind
are here everywhere present; jaws, tongue, gill-arches,
and every available support, are alike pressed into the
service ; the terrible weapons have hinged and movable
bases of attachment, and are so arranged that while they
favour the entry of its prey, any attempt at escape is
imi)ossible, for they then fly up like so many harpoon blades,
and hold it the firmer. Although certain of its tecth
are fixed, this voracious animal in strictness -hooks itself
on to its prey, as indeed do many fishes ; and considering
this, the fact that it is at times choked in the attempt to
devour a fish bigger than itself, or an animal beyond the
capacity of its jaws, is easily explained, as is also the
total absence of gill-rakers.* In that the pyloric appen-
dages may be present or absent in species of a genus,
their absence in the Pike is not surprising.

The only remaining Physostomous fishes which can be
noted here are the Eels. Fishes with elongated Eel-like
bodies occur in most of the great groups, but the Eels
properly so called are the Murenoids of Zoology. The
long-bodied, scaleless Conger, and its small scale-clad fresh-
water ally are familiar to all ; but it may be noted that in

* Two specimens showing this will be found in the Western
Galleries. The fishes were killed in attempting to swallow a duck and
an eel respectively, and it will be seen that in the latter case the eel,
by virtue of its shape, would most probably have escaped, had not
the pike, in its greed, closed its jaws and thus brought its fixed teeth
into play.
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the latter the small scales are completely buried up in the
thick skin. The vent is placed well back, the tail exceed-
ing the body in length by but a little, the pectoral fins are
small, while the ventral ones are wholly absent. The post-
ocular region of the head is here elongated, and there is a
large mouth, which in some Eels of the Tropical seas is
carried back for an immense distance ; teeth are present, and
the upper jaw bones are partly united to the skull. The
fins and gill cover are alike soft, and their supporting bones,
though present, are reduced to a minimum. The gills are
normal, and the gill covers unite with the body walls,
so as to leave a small passage on either side, immediately
in front of the pectoral fin. In some Eels this is carried
further, and the two pores run together and form a single
aperture on the under side of the head; and probably
these and other modifications have to do with their sus-
taining powers on land. They are of a restless, wandering
disposition ; that which best characterizes them, however,
is the continuity between the anal, caudal, and dorsal fins.
This same condition is seen in the young of other forms,
the separate dorsal and anal fins being, in the adults, derived
as the result of a breaking up of the at-first continuous
fin. The Eel never breaks it up at all, and is in this respect
a big baby, for which reason it is said to retain an early or
embryonic condition. The retention of infantile characters,
however, is no new thing in even the study of mankind. If
carefully watched, there will be seen near the end of the
itail a pulsating area—the so-called caudal heart; it is
really an enlarged portion of the great lymphatic vessel of
that region, which, owing to its size, gives rise to a visible
pulse. The backbone of the eels usually consists of
between 200 and 300 vertebra, and stands at one extreme
of the Teleostean series, at the opposite end of whichare the

s
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Coffer fishes, which never have more than 15; the Eels,
however, are surpassed by some of the lower fishes in this
respect. They have no pyloric appendages, and an
abdominal pore is present. Perhaps into no subject affect-
ing the fish-interests has more error ever crept than into
the “Eel-question.” The ancients, even Aristotle and Pliny
were literally “at sea” here; spontaneous generation and
hermaphroditism have alike been resorted to, in order to
explain away the apparent anomalies concerning the pro-
pagation of this group; even to-day, the popular notion
that they are mud-begotten finds favour. Early in the 17th
century, an Italian physician, examining only the larger
specimens from brackish water, first found the female roe;
and although it was as well known then as now, that the old
Eels went down to the sea while only young fry returned,
neither he nor anyoﬁe had up to that time examined the
smaller individuals, believing them to be young ones. But
upon doing so some nine years ago, an Austrian naturalist -
succeeded in finding in them the corresponding male organ,
like that of the female, necessarily immature at the time of
observation. After strange oscillations between fact and
fiction, the question stands thus : the ripening fish leave for
the sea in the autumn, and after an absence of five or six
weeks they spawn—in some cases on known mud banks ; in
the spring the young ones begin to come up the rivers, with
an experience of some eight or ten weeks of marine life, to
enter upon a fluviatile existence. The parents, however, do
not appear, and the only supposition is that, like the Lam-
preys, they spawn and then die. First among the difficulties
of actually demonstrating the ripened male organ, is that of
capturing an Eel in the deep and open sea.

Compared with what is seen in the Salmons, this migra-
tion of the Eels is instructive. Among the former, we have
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animals, living in the sea, but finding it favourable to the
welfare of the race to ascend the rivers to spawn ; this they
do in a variable degree, but the Smelt, which usually
ascends to freshwater from August to April or May, has
been kept captive and healthy for years in inland ponds.
The Eels present a case the exact reverse of this; having
already accustomed themselves to life in fresh water, they
find it profitable, not to say absolutely necessary, to return
to the sea to spawn.

Leaving now the bony fishes with an open air-bladder
we come to the consideration of those in which, unless
altogether absent, its connection with the alimentary canal
is lost. These forms are known as the Piysoclisti. Bear-
ing in mind the fact that the connection did at one time exist,
the distinction looses all value except as regards the adult
fish ; it is, however, an exceedingly convenient one. These
fishes fall under two great groups, sharply marked off from
each other by the characters of their fins, which, within
certain limits, are either soft or spinous.

Foremost among the soft-finned group or the Anacan-
thini, comes the Cod tribe or Gadide, which includes the
Cod,.Whiting, Haddock, Pollack, Coal fish, Hake, Ling, and
their allies. The Ling is somewhat Eel-like in shape, while
the Eel pout or Burbot, the only freshwater representative
of the family, resembles the Eels in its habits. The true
Cods are essentially northern forms,* occurring at variable
and sometimes at great depths; they approach our shores
during the winter to spawn, when they fall an easy prey,
and are captured in immense numbers; while throughout
the whole year, they, in common with the smaller members
of the family, are fished for on account of their great
culinary value. They all have a heavy scale-clad
body, with a large head, immovably fixed to the spinal
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column. Their fins, when compared with the Eel’s or with
those of the embryo, are exceedingly instructive. The
dorsal fin is generally broken up into two or even three
parts, and the anal fin into two ; but even where this is the
case, the intervals between them, if present, are very slight,
while the caudal fin, rarely notched, is generally rounded
‘posteriorly. In some, the dorsal and anal fins are each
represented by a single long fin, while in others there is
practically present the continuous fin of the Eel. The tail
is enormous and very powerful, and the body-cavity is
proportionally small, the vent being carried very far for-
wards ; generally it—as in most Teleostei—and the anal fin
lie vertically below the second dorsal fin ; rarely, however, it
may be somewhat farther back, or, as in the Whitings, still
farther forward. The pelvic fins are carried forwards with
the shortened body-cavity, and, as they appear to lie in
front of the pectorals, are said to be jugular. Nature, how-
ever, knows no such inversion as this, and on examination
we find that the pelvic girdle is so small, that it comes to
be lodged completely under cover of the immense shoulder-
girdle, but still as surely behind it as in even our own case.
With one exception, the fins of all the Anacanthini are
supported by soft rays; horny in texture, they fray out in
a fan-shaped arrangement, each branch of which consists of
a series of transversely-jointed filaments, each tapering off to
a point. Very variable is the barb, present for example in
the Cods and absent in the Whitings; teeth are well
developed, and there is a very large tongue present, which,
like that of all fishes, is not gustatory in function. The
customary four pairs of gills are present, while, as in many
other Teleostei, the pseudo-branchia, instead of being gill-
like, forms a rounded so called “ glandular ” mass.  Pyloric
appendages are always present, and in the Whiting there
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are one hundred and twenty of these, opening by but four
apertures, and not singly as in the Trout. The air-
bladder is, in the deep sea forms especially, marvellously
strong and thick-walled ; on either side it sends off a pro-
cess, which is coiled up alongside the skull but does not
run into it as in the Herring ; inits interior there is present
a large so-called gland, in reality a vascular network,
through the agency of which a gaseous interchange
goes on. The results of analyses of these gasés are very
remarkable, and their meaning is at present little under-
stood. A large liver and a coiled intestine are present,
while the roe, as in very many other forms, consists of two
sac-like masses, which, uniting, form a duct which opens
behind the vent by a small pore, and behind this again the
kidney duct opens. There are no abdominal pores, such
as are found in the Salmons and Eels,

Next in order comes the extraordinary group of Flat
Fishes, the side swimmers or Pleuronectide, as they are
named. Among them there exist such important food
adjuncts as the Soles, Dabs, Brill, Flounders, Turbots, Plajce,
and their allies. The indigenous British forms are all highly
modified, and among those which at times reach our coasts,
the large Halibut * approaches most nearly the typical fish
type. Rarely scaleless, no member of this family lives at
a great depth, and some are said to adapt themselves
readily to fluviatile existence. They are all carnivorous,
and live at the bottom, where they “flop ” along in a highly
characteristic fashion ; the tail moves horizontally, but still
in the same plane as in other fishes, as regards the body.
Obviously we have to deal with a highly-modified family,
living on the sand, where they lie and so to speak suck in
small forms of life ; unable to carry the flattened body in a

* Good specimens of this can be seen in the Canadian section.
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vertical position, they dispense with the air-bladder, and
thereby increase their specific gravity, and to this same
end all the cavities are reduced to a minimum, the vent
being carried as far forwards as it can get; the tail thereby
becoming greatly enlarged, gives the animal as much
solidity as is possible. Everyone knows that these creatures
have their two eyes upturned, so that the body comes to
lie on what is called its blind side ; this, in common with
the proper under or ventral side of most animals, is usually
white, while the upper or exposed side is coloured. The real
meaning of animal colouration is, at present, unsolved ; it has
been ascribed as due to surface energy and other causes, but
whatever may be its origin, it certainly is protective
in function. The variable colours of these Flat Fishes, like
those of many other animals, either slow of movement or
accustomed to periods of inactivity, are but so many dis-
guises, under which they assume the characters of their
surroundings ; and while this may alter with.changing cir-
cumstances, some of them go further, and develop certain
tubercles on their bodies, which take on appearances of
surrounding objects. Known as “ protective mimicry,” this
arrangement obviously ensures the safety of the individual,
if only by throwing any predaceous passer-by off the scent ;
it is to this same end that the Oar-fish, the Fishing Frog, the
Sea-Blennies, and a host of other forms, have their bodies
frayed, coloured, or ornamented.

In all, the ventral fins are jugular, and very often
laterally compressed, so as to appear like a portion of the
large ‘anal fin ; the pectoral fins are normal, in the Soles
becoming very small, and in the variegated Sole that of
the blind side, no longer of use, practically disappears.
Teeth, in some wanting, may occur on both sides of a nearly
symmetrical mouth, as in the Turbots, or on one side only

VOL. IIL.—H. L
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of a more distorted mouth, as in the Plaice, and when
present they are either very small or reduced to mere
crushing organs; in both cases the nasal organs partici-
pate in the want of symmetry. The dorsal and anal fins
form each an undivided tract, and the limb-girdles are
approximated, and so arranged as to facilitate ease of
motion of the great tail. Strange as are the modifications
here set forth, the young fry have all the characters of
ordinary fishes ; they are free swimmers with symmetrical
bodies, white beneath and coloured above and at the
sides ; as they become flattened, however, the eye of the
blind side is carried round, distortion of the skull and other
attendant changes take place, the pigment becomes re-
stricted to one side only, and the adult and often com-
pletely discoidal condition is reached. These changes may
affect either the right or the left side in different forms, as
can be seen on comparing a Flounder and a Turbot ; they
occur before the dorsal fin has grown over the head, so that
the eye is merely rotated on its axis. In one solitary case,
however, the fin grows first, and the eye, loath to vanish
altogether, forces its way through the head, thus realizing
the apparent anomaly seen in the adult. Even the visceral
organs do not escape distortion. If a Turbot, a Plaice, and
a Sole, be examined in order, it will be found that in
proportion as the body cavity is decreased in size—the vent
being carried forwards—it sends into the tail a paired
backwardly-directed process; the viscera which grow into
these pouches completely fill them, and so space is
economised: In the Plaice, the roe alone grows into these,
and they are short ; but in the Sole, where they extend back
for two thirds the length of the body, that of the right side
carries the intestines, that of the left a portion of the kidney,
while both lodge the roe in addition. Itis worthy of note
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that other heavy-tailed fishes, for example the Weaver,
may do this, but less conspicuously.

The second great group of Physoclistous fishes con-
stitutes a collection of some 4000, mostly marine forms,
which vary enormously as to external features. Some are
scaleless, in others the head and even the fins are scale-clad,
and very often skin, scales, or fins, may be highly modified.
In most the ventral fins are placed well forward, and in one
or more of the fins the bony rays are produced into great
spines, and no one who has watched the defence of its nest
by a Stickleback, will need to be reminded that these are
offensive as well as defensive in function. These fishes are
therefore called the spined-fins or Acanthopterygia, and such
indispensable food-forms as the Mackerels, Mullets, Perches,
Gurnards, and their allies, are those which appeal to all fish
eaters ; while the Wrasses, Blennies, and Sticklebacks, find
a host of admirers everywhere.

First.then in importance come the Mackerels, or Scom-
beroidei, and their allies, usually of small size, though in the
case of the hot-blooded Tunny * they may reach a length
of ten feet.

The Mackerels are gregarious, restless surface-swimmers ;
their long bodies covered with small scales are everywhere
familiar ; the tail is so deeply notched that its two halves
are capable of independent action, and all the fins are so
articulated as to give ease of motion, the whole body being
framed for rapidity of progression. The two eyelids found
among fishes are here well marked, and the naked head is
produced into an obvious pre-nasal growth. The fins are
very curious ; the pelvic members lie far forwards under the
pectorals, and their position here shows that they are not
necessarily associated with that' of the vent, which is very

* A good example of this fish will be found in the Canadian section.
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far back. The dorsal fins are very instructive ; the anterior
one is placed far forwards; between it and the second there
is a break, and here again the second dorsal is over the first
anal fin, while behind these there occur, both above and
below, a series of five so-called “false fins” or “finlets.” In
the Stickleback, on the contrary, these finlets are in front of
instead of behind the second dorsal fin ; and since in the
Tunny the first dorsal is prolonged back to meet the second,
the finlets occurring behind the latter, it is clear that all
these and the caudal fin severally answer to the continuous
fin of the Eels and of the embryo. This condition is realised
in the viviparous Blenny of Scotland, and while among these
Blennies, Perch, and Bass, we find approximations towards
the Anacanth Type, we find in some Perch, Bream, Bass and
others, that the dorsal fin remains uncleft. Among the
Ruffs it is spinous for nearly its whole length. We thus see
that among this group of fishes, there occur all grades of
modification, both as to structure and continuity of the
median fins. In the Sticklebacks, moreover, the ventral fins
are reduced to the well-known “belly spine,” while among
them, as in the prolific Scad and others, certain of the body
scales may also become spinous. If the Mackerel’s mouth
be examined, small teeth will be found, and those of the gill-
arches lock back like the Pike’s teeth ; as in the Soles and
certain other fishes, wehere meet with the strange phenomenon
of a coloured mouth cavity ; shining and iridescent, a snare
that may entice the Herring fry, and other small fishes upon
which they feed, literally into the jaws of death. A very
efficient straining apparatus exists, in the presence of a
double series of rakers along the outermost gill-arch. The
air-bladder, usually present, is in some of the tribe absent;
and the energy exhausted in giving the immense rapidity
to their movements is accompanied, as in all similar cases,
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by a rapid oxidation and consequent increase in body
temperature.

Certainly no less valued as food fishes are the Mullets.
The Red and Grey Mullets of commerce are in no way re-
lated ; and, taking first the Red or Sur Mullet—prized alike in
their time by both Roman and Briton—this little fish, covered
in its large, thin scales, is familiar for its two barbules and its
rich colour, which, as fishers well know, intensifies with death.
The mechanism by which this phenomenon is brought about
is much like that giving risé to the “blush ” of the Cuttle-
fish; there are present (in this and certain other fishes),
within the skin, small sacs filled with pigment, which under
certain stimuli are brought into play ; each sac is caused to
expand, and the diffusion of the contained colouring matter
gives rise to the characteristic tint. Asto the barbules,
inasmuch as when not in use or when the animal is threatened
with danger they can be completely tucked away under the
jaw apparatus, they are obviously of great importance to
the animal’s well being ; these and similar structures are
very variable, both in number and relation, among fishes,
but from the above-named and other considerations they
would appear to be sensory in function.

The Grey Mullets inhabit brackish water, and, unlike the
Red Mullet, the head is scale-clad, the ventral fins are lodged
well back, and, as rarely happens among bony fishes, the
lateral line is absent. These Grey Mullets and others play
among fishes the part of “the man with the muck rake :”
active enough except when feeding, they at such times
“gulp” in the mud on which they rest, hoping for the
best. For this purpose there stretches between the bones
of the upper jaw a flexible membrane, and the mouth is
produced into a protrusible apparatus. The pre-nasal region
of the head is excavated in order to receive this when at
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rest. Teeth are excessively small or absent, but those

portions of the gill-arches which lie in the roof of the mouth
are so modified as to form a straining apparatus, and the
animal, taking in mud and all, by its agency sorts the “tares
from the wheat,” the latter being retained and the former
ejected, but not until a final straining off has taken place
through the very efficient gill-raker apparatus. In addition
to the multitude of small organisms living at the bottom,
the ever-recurring deaths at the surface bring about a
constant subsidence of decomposing organic matter; and
while such a fish as the Mullet does not, therefore, get a bad
meal in the end, this process of decay is a factor in the
food of fishes the importance of which is much under-
estimated. The alimentary canal of the Grey Mullet is
modified accordingly, and as a deal of vegetable matter
must be consumed, we find, as is often the case among
vegetable-feeders, that the intestine is long and coiled ; the
stomach is powerful and gizzard-like, and pyloric ap-
pendages are present. An exceedingly curious and in-
explicable feature is seen in this and many other fishes in
the presence of a black pigment, giving the lining mem-
brane of the body-cavity a sooty appearance; that
membrane is usually somewhat pigmented among fishes,
but in few animals is this extreme reached.

Among the Wrasses, a protrusible upper jaw (no uncom-
mon thing among fishes) coexists with highly modified teeth,
but in these “lip fishes ” the apparatus is not suctorial

The Perch tribe have already been noted incidentally.
They are all highly modified forms, as is seen in the
presence of scales on the median fins of some species ; they
include the Perches, Bass, and their allies. The true
Perches, although essentially fluviatile, have marine repre-
sentatives, and this, in the case of these highly modified
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forms, is interesting, seeing that there is every reason to
believe that all freshwater fishes have been derived from
marine ancestors. Their teeth are generally simple, and
the ventral fins are placed far forward. It is to us perhaps
no matter for surprise to find that even among fishes, the
offensive faculty is here getting the mastery over the head,
for the bones of the gill cover, taking the hint from the fins, ’
are here produced into sharp and formidable spines. This
armature of the head leads up to the condition which we
find in the Gurnards, among food fishes. These animals, in
some cases capable of rising to the surface, are essentially
bottom forms, and rarely occur at great depths. No better
instance can be found, as illustrating the working of nature in
a highly specialized form of life ; here are fishes, by the very
nature of their surroundings, liable to all kinds of hardships,
and it is extremely interesting to see how nature, unable to
shake off inherited characters, so. modifies “the things that
be” as to ensure the safety of the race. It is quite clear
that the broad armed head so far exceeds the body in
diameter, that the latter is, so to speak, under cover of it as
‘under a defensive shield—an obvious advantage to an
animal which, though not a good swimmer, still moves
about on a rugged sea-bed in anything but an apathetic
manner. The teeth are srﬁall, and the bones of the skull
are run into a compact mass, which is produced beyond the |
jaws into further buffer-like protections; the skull, limb-
girdles, and gill covers, alike develop powerful spinés, and
less marked ones occur on the body.

The curious “feelers” of the ordinary Gurnards, about
which so much mystery seems to hang, are really but three
pairs of dismembered elements of the pectoral fins ; they
have all the characters of .them, and are supported by
jointed fin rays. They are no doubt sensory in functicn,
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and while they may serve as a probing apparatus they can
be used as organs of locomotion ; this gives the creature
power to move backwardly like a Lobster, and injury to the
dorsal fins, which might occur in thus moving among pro-
jecting masses on a rugged bottom, is prevented, by these
lying when at rest in a groove, under cover on either side of
" arow of serrated bony plates. This is but an exaggeration
of that which occurs in many other fishes. Now comesthe
question of the under side of the body; and here again,
nature, having nothing else to fall back upon, calls into
play the hip-girdle ; this, meeting its fellow in the middle
line, forms a great expanded plate, which, it can be seen at
once, strengthens the flattened body-wall below. The bony
investment of the whole body, met with in the little Armed
Gurnard, prepares us for what we find among other groups,
such as the curious tropical Coffer-fishes, and, to come
nearer home, the familiar Pipe-fish and Sea-horse.

One other family of edible Acanths demands notice;
that of the Lump-suckers. Heavy unsightly animals,
having bony tubercles imbedded in their thick skin, they
derive their name from the fact that, in common with many
other forms, the ventral fins by their modification give
rise to a great sucker; and if any one doubts the tenacity
of this organ, let him try and remove the brute when
once it has anchored itself, and he will come away at least
a wiser man. Their skeleton is often very deficient in
earthy matter, as indeed may be that of some Eels.

Some being clad in bone, others, as the Sea Bream and
Wolf fish, which occasionally reach our markets, having
enormous and powerful teeth ; nearly all the members of
this great group are formidable denizens of the water.

So much for fish structure ; and now comes the question of
utility. No one who has ever been an invalid can fail to

-
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recognise the importance of a fish-diet ; and the reason for
which most Teleostean fishes are captured is, that their
flesh, on being eaten, when well boiled puts no such strain
upon the digestive organs as do the more solid foods.
This is, to no small extent, due to the fact that the fatty
material, which requires little or no digestion and can be at
once assimilated, is in them diffused more evenly through-
out the tissues than in those animals from which we derive
our more solid meats. The accumulation of fat, however, is
often so great, that only the least fatty fishes can be eaten
with comfort, and thus it is that Cod, Whiting and others
are so much in demand. The amount of actual nitrogenous
food in fishes is enormous ; and they also yield a good supply
of earthy matter, without which we should come badly off.
Beyond this all is a question of taste, the value of the fish
being due to some special flavour, which may arise from a
variety of causes. In all animals, fat is either derived from
the tissues of others devoured, or is elaborated within the
system itself. Fishes, but not they alone, store up in the
liver an enormous supply of this; and to that power, in
species of the Cod tribe, we stand indebted for our far-
famed cod-liver-oil, while fish fats are also used in the
manufacture of train oils. The Eels, apart from their edible
value, furnish us, in the case of the Conger, with a con-
stituent of the “mock turtle” soups, and in “Eel-fairs”
time the little fry are literally “fried” into cakes.

Passing now to the Sturgeons, the only representatives
in Europe of a once great order of fishes, we find that, like
the Gurnards, they live at the bottom of the sea or river
they inhabit, and here again we find the head encased in a
bony armour, while, as also in some of the bottom-living
Teleostei, there are sets of bony plates, disposed in rows
along the body; the skin elsewhere is not naked, but
lodges minute asperities, and the sides of the tail are
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completely invested in a close-set series of bony elements.
Carried to an extreme in other genera, this exo-skeleton
forms in them a dense armour, which, from the characters of
its superficial enamel-like layer, is called Ganoin, and these
fishes are therefore known as the Ganoids. Of them there are
but seven genera livihg, one of which has a naked body,
while in others this armour may either assume the form of
plates, so modified as to piay ” over each other when the
body is in motion, or as in one American genus—Amia—
of large cycloid scales, in which, as in most other respects,
this animal resembles a typical Teleostean. The ventral
fins—absent in one highly modified African form—in the
Sturgeons, and in all the members of this group, are ab-
dominal, and lie far back like those of the Salmons.* This
also is true of all fishes below the Teleostei, those being the
only animals in which the pelvic fins become displaced. As
to median fins, the Sturgeons have but a single dorsal and
anal fin respectively, placed nearly over each other; the
vent is far tack, and obviously these two fins answer to those
similarly placed in the Salmons. Amia, among living
Ganoids, has a long continuous dorsal fin, while in the
« Bichir ” of the Nile—Polypterus—this is continuous with
the tail fin, and broken up into a series of “finlets” much
like those of the Mackerel; unlike them, however, each is
provided in front with a very powerful spine, so arranged
as to protect the animal when in motion, and the finlet
itsclf when at rest.  One North American genus, like both
the Sturgeon and Pike, has a single dorsal fin placed far
back, and as its jaws are prolonged and dentigerous it is
called the Bony Pike. While both it and the Sturgeon have
such modified fins in the adult, in them both when young
all the median fins are continuous like the Eel’s. The tail fin

* These fins are often variously modified, or even united into one,
in some fishes. : :
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of the Sturgeon is deeply notched, and consists of two lobes,
one of which is much the longer, and, as can be clearly seen,
this—dorsal lobe—carries the axis of the tail end of the
body ; it is in reality the modified and originally straight
tail of the embryo, which, as the lower lobe—or the ventral
lobe as it is called—appeared, was displaced by it, so that
the tail, thus becoming unsymmetrical, is said to be “ hetero-
cercal.” The usually symmetrical or even rounded tail of
the Teleostei does not at first sight appear to have much
in common with such a form as this, but if stripped of its
flesh, an exaggeration of the same arrangement will be
found, except that the further enlargement of the ventral
lobe has given rise to an apparent symmetry. This
is known as the “homocercal ” tail. On the other hand,
certain Ganoids retain the perfectly symmetrical tail fin of
the larva, as do certain lower fishes which we shall consider
later on. The Sturgeons, devoid of the formidable teeth
which many members of the group possess, bring us again
face to face with scavengers ; and so the modifications of the
jaw apparatus are in some respects like those already seen
in the little Grey Mullet—that is, the bony mouth supports,
having a flexible membrane stretched between them, are
free of the skull, and so modified that under contraction of
certain muscles they can be protruded. On the top of the
head, midway between each eye and the gills, is seen an
aperture—the “spiracle,”. which leads by a tube into the
cavity of the mouth ; in some Ganoids, as in the Teleostei,
this is absent, but by virtue of its presence there are here
two passages of communication with the exterior, and the
timid Sturgeon, taking advantage of this, not only “gulps ”
in its food as does the Mullet, but, actually burying its
proboscis, sucks it in,- using this second channel for
purposes of respiration. While swimming it takes in the
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water by its mouth, like an ordinary fish. The Sturgeons,
in common with a long-snouted ally—Polyodon—found in
North America and China, have no teeth in their jaws, and
it is a highly instructive fact that the young of both possess
them ; in the Sturgeon they are fully developed like those of
a Shark, but only to be thrown off as age advances, when,
obviously not needed, they give place to the minute denti-
gerous organs which clothe the gill arches of the adult. All
the living Ganoids have an open air-bladder, the pseudo-
branchia of the Teleostei may or may not be present, while
in the Sturgeon it forms a true gill ; pyloric appendages may
coexist with a true pancreas, and the lining membrane of
the intestine, like that of the Salmons, is folded, not, however,
into a series of annulations, but into a spiral, for which
reason the intestine is said to contain a “spiral valve.” This
structure always lodges blood vessels, and is really but an
increased area for absorption. It also exists in the Sharks
and Rays, and among the variety of forms it assumes in
them we find a type much like that of the Salmons again
present ; there cannot be the least doubt therefore that all
are identical. The Sturgeon has abdominal pores, which
open at the sides of and not behind the vent, as in the
Trout ; as in the Teleostei so in the Ganoids they may be
absent, and the kidney and generative ducts may each open
independently. The gill cover of the Sturgeon does not
completely cover the gills. On boiling the Sturgeon we
find that the bony skeleton is superficial and but skin deep
so to speak, and that the skull, unlike that of an ordinary
fish, is but a mass of gristle or cartilage, while in place of
the bony vertebral column, there is a rod of somewhat
similar material. This is a highly important fact, for all
animals when young have such a skeleton as this, and as
they age, it becomes replaced by the bony one so familiar
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to us all ; and those gelatinous masses, already referred to as
lying between the vertebree of the Trout, are the last
remains of it in the adult. The Sturgeon is in this
respect, another of those big babies already mentioned.
This axial rod, which occupies the place of the bony
vertebree of other fishes, is known as the notochord,
and with its sheath is still eaten in some parts of Russia.
In some Ganoids, as in the Teleostei, this is largely replaced
by the bony vertebre, but very often in the latter, as in the
former, the end of it remains gristly. The Sturgeons and
their allies form a group of some 20 species, found in the
rivers of Europe, Asia and North America, they are
essentially Northern forms ; some are exclusively fluviatile,
while all spawn in fresh water.

The roe of the Sturgeons furnishes when prepared, our
caviare, and each “grain” of that delicacy would be
competent, under certain conditions, to produce a Sturgeon.
Neither prince nor peasant in this land needs to be
reminded of their edible value; in the Baltic provinces and
North America they are regularly eaten, either cooked or
pickled, and the Sterlet is a time-honoured Russian
delicacy. From the thick-walled air-bladder of the Sturgeon,
and in India from two Teleosts, our isinglass or “fish glue ”
is obtained, and it does duty now as well as everit did upon
a Greek or Roman plaister. All along, we have seen that
there is hardly a single Ganoid character that is wanting
among the Teleostei, and, did space permit, it would be easy
to show that this great group, with its thousands of living
species, has been derived from the Ganoids, of which but 30
species exist. There are living forms which prove this, and
as we go back in time we find the case reversed as to
numbers, showing the Ganoids to have had the ascendency
at one period in the world’s history ; among the fossil forms,
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we also find every gradation in skeletal anatomy between
the opposite extremes of the two types.

In both Teleostei and Ganoids the gills project freely
into the gill cavity ; in the next lowest group they retain
their embryonic pouch-like nature, each opening indepen-
dently ; and as the gills are lamellate or plate-like, these
fishes are called the Elasmobranchii. There are some 300
living species, which include the Sharks and Dog-fishes, or
Squalide, and the Rays or Batoidet, with their allies. No
air-bladder is ever present, and the intestinal valve has been
already alluded to. The exo-skeleton, when present, is
modelled upon a somewhat different plan from that of the
higher fishes; teeth occur in the jaws alone, and there are
certain other characteristic features in their visceral anatomy ;
suffice it to say that the mouth in all is lodged on the
under side of the head, while in the region of the vent there
is an immense single aperture, the opening of a large
chamber which receives the alimentary, kidney, and gener-
ative ducts; it is thcrefore a common outlet, and the
classical term “cloaca” is applied to it. On either side of
this there is usually present an abdominal pore ; and these
fish generally deposit their eggs in a leathery purse, in
which the young are protected during development; two
Sharks, however, bring them forth alive.

The sagacious, active, voracious Sgualide, as variable in
habit as in size, are marine forms, although some few ascend
the Amazon, Tigris, and Ganges rivers. The smaller
familiar Dog-fishes are generally shore forms, while the
larger Sharks, sometimes reaching a length of 30 or 40 feet,
are among the most formidable of all living beings ; often
they are wanderers, and may follow a ship for weeks in
open ocean. On the other hand, some, having small
teeth, are in a sense harmless. The body is generally
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clongated, and the tail, in all a powerful propeller, may be
shortened ; the pelvic fins are always abdominal, and the
pectorals are placed as usual. The median fins vary very
much, but neither dorsal nor anal fins exceed two in
number, although the caudal fin may be continued round
the tail for some distance above or below.  The talil, often
quite straight and symmetrical, may be bent up as in the
Sturgeon, bearing an unequally-lobed fin, which, in the
Swingle-tail and the great harmless Thresher,* attains an
extraordinary development. The anterior dorsal fin may
lie even behind the ventrals as in the common Dog-fishes, or
may be above the pectorals; the posterior dorsal fin, when
present, is usually pretty near the anal. When, as often
happens, the median fins are represented by but a caudal
and two dorsals, the latter are usually similarly related to
the paired fins; the body—in some of a dull colour, in
others variously marked or tinted—is in all covered by smali
dentiform scales, constituting the shagreen of commerce.
(The Sun-fish among Teleostei has a similar investment.)
The teeth, though often different in the two jaws, are of a
similar nature to this shagreen; like the scales which form
it, they vary very much in shape and size, in some cases
sharp and cutting, in others broad and crushing, in others
combining these two extremes, while that which is some-
times described as their “shape,” is really due to alteration
in wear. It is well known that the lining membrane of the
mouth of all animals is formed by an ingrowth of the skin
which covers the body, and as everyone knows the two things
are continuous at our own lips. This being so, it follows
that that skin carries in with it the power of producing

* Representatives of these, and of the Basking and Greenland
and other Sharks rarely seen in this country, will be found in the
Canadian section, and elsewhere.
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scales, and these mouth-scales we call “teeth” ; in°some
Sharks, the transition from the body scales to the teeth can
be easily followed as we approach the mouth. The gill
slits—in some very small, in others exceedingly large—are
always placed at the sides of the head, immediately in front
of the pectoral fins ; usually there are five of them on either
side, but in some Sharks of the Tropical seas there are six or
seven. The eyes are large and lateral, and in some guarded
by a membrane, which, as in frogs, reptiles, and birds,
can be drawn over the eye at will. Behind each eye in
most Sharks, there is present a valvular spiracle, which in
life keeps up a rythmical respiratory-movement, and like
the Sturgeon’s, leads into the mouth-cavity; that cavity
itself is enormous in all, chiefly on account of the great width
of the gape; and the actual aperture of the mouth—in
some far forwards, in others back even behind the eyes—has
its actual position determined by the elongation of the head,
into which the jaws never enter as in the Pikes. Hardly
a picturesque thing at any time, the interior of the mouth in
one Dog-fish, which, however, rarely reaches our shores, is
black, for which reason the Italians call it the “Hell’s
mouth.” In most Elasmobranchii, it will be seen that the
nasal aperture, which is also on the under side of the head,
leads into a sac, and that a fold of skin is so arranged as to
incompletely shut it off from, and at the same time to put it .
into communication by an underlying groove with the mouth.
Here once more we are facing a big baby, for, in even our
own case, there is a period in our existence in which the nose
is similarly arranged ; that which is here a groove, becomes
in us a canal by the complete closing over of this fold.
Among the Elasmobranchii we find some of the most
remarkable modifications of the fish-body, as for example
the Hammer-headed Shark and others, but certain forms,
known as the Monk-fishes or more familiarly the Angel-
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fishes, as, like those mysterious beings, they are possessed
of wings, are of especial interest. Their “ wings,” as any one
can see on comparing a Shark, are really the pectoral fins,
which are rotated towards the head; behind them are
smaller wing-like pelvic fins, while the tail is very stout and
fleshy, as in the true Sharks. We have, in fact, the transi-
tion stage between the Sharks and Rays here realised.
All Rays when young are long-bodied Shark-like animals ;
as they grow, however, these great pectoral fins enlarge,
and in the Angel-fish and some few Rays they get no
further, while in the majority of these latter they still
grow on, and, uniting with the head and body, form the
disc-shaped adult. The Batoidei are mostly marine, but
some are exclusively fluviatile ; they rarely occur at great
depths, and while the more Shark-like forms are free
swimmers, the majority of them, like their flat brethren—
the Pleuronectidee—live at or near the bottom, where they
usually feed on small animals. Bearing in mind what we
saw in the flat fishes, it is not at all surprising to find the
surface of the body variously coloured or ornamented for
protective and- other purposes; while even the spines
may, in addition to the defensive function, also serve this
purpose. It is no uncommon thing, especially in the
smooth forms, to find the under surface of the body
coloured, and not white as is usually the case; often the
great spines, with which many are armed, may also occur
on the under surface, and these modifications, in all pro-
bability, have to do with their mode of feeding, for many
of them instead of hunting down their prey, swim down
on to it, and, by arching their great fins, cover it in as under
a cloak, much as a bat will sometimes cover in an insect
before devouring it. The head and under surface of the
body here, and less conspicuously in the Sharks, show
numerous small pores; in relation to these, there can often
VOL. IL.—H. : M
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be seen more or less tortuous canals lying immediately
beneath the skin ; they converge towards the head, where
they receive an enormous nerve supply, and are undoubted
organs of sensation, of the nature of the organ of the lateral
line already referred to. Commonly and erroneously they
are called mucous canals ; the formation of the slimy mucous,
however, is wholly concerned with changes going on in the
skin, and these canals have nothing whatever to do with it.
The flattening of a sole or that of a skate are obviously
two distinct things; the former—a compression—affects
the tail in the main, and the paired fins remain small;
while the latter—a depression—affects the paired fins, and
in proportion as it is increased, the tail, no longer of use as
a propeller, is modified. Unwilling to part with this ap-
pendage, it is for these reasons that in some it becomes a
long filament, the use of which is unknown ; in the Sting-
Rays it bears a most formidable spine, while in even the
common Skates it lodges on either side a “pseudo-elec-
trical” organ, so called because it differs in position and
structure from the truly electrical apparatus of the Tor-
pedoes ; this latter lies between the head and the expanded
pectoral fin in front.

An electrical apparatus is also found among the Teleostei.
A Sheat-fish (Malapterurus), from the freshwaters of
Tropical Africa, and the so-called Electrical-Eel, of Brazil,
both possess it. In the former of these two cases the
animal reaches a length of some four feet, and the electrical
organ is distributed over the whole surface of the body ; in
the latter, which is about six feet in length, it is restricted,
not as in the Torpedoes to one area, but to two, occurring
upon either side at the back of the tail and along the anal
fin. These organs are capable of producing a powerful
shock, are abundantly supplied by nerves, and are as fully
under control of the animal as are its muscles,
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Inneither Angel-fishes nor Rays are there anal finsin the
adult ; the dorsals—which may be one or two in number or
absent—are never placed in front of the ventrals, often, as in
the common forms seen in our markets, lying at the ex-
treme end of the tail. As the result of the changes undergone,
the eyes and spiracles remain on top of the head, while the
originally lateral gill-slits are carried round, and together
with the nasal sacs and mouth lie on the under surface; in-
asmuch as the pectoral fins have been rotated forwards, the
gill-slits lie, as of necessity they must, internal tothem. The
snout is often prolonged into a beak or rostrum, and in the
Sword-fish this bears the well-known lancet-like blades,
which, in common with the spines of the Thornbacks, or
shagreen of the Sharks and indeed of some Rays, are but so
many modified scales. On examination these are all seen
to consist of dense more or less tooth-like organs, known as
placoid scales, and each has, like the teeth from our own
gums, a bony base. Shagreen is chiefly used for handles
of swords, knives, and similar instruments where considerable
“purchase ” is reQuired. This power is due to-the fact that
these small tooth-like scales inflict so many minute scratches
upon us at the time of using, really grafting themselves
into our skin. Many Sharks have the power of erecting
these organs in self defence, while others, as for example
the common Picked-Dog of our coasts, have enormously
enlarged spines at the bases of certain fins, with which they,
by taking an actual aim, can inflict a most deadly blow. If
further demonstration of this is needed, let a man stroke a
common Dog-fish the right way and he is smooth as satin,

but let him try and reverse the process, and he will return
a wiser but a wounded man. The fact that in an ordinary

scratch no bleeding follows proves to us that there is a
layer of our skin in which blood vessels do not occur ; and
M 2
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if the scale of a large-scaled Teleostean is carefully ex-
amined, it, in common with its fellows, will be found to be
covered over by this non-vascular epidermis as it is called,
which is here pigmented. So it is with the young Skate.
More than this, however, it can be proved by removing one,
that they just as certainly overlie the deep vascular layer;
bleeding then takes place, because injury has been done,
and the vascular plug over which they lie, and from which
they are exclusively formed, is the so-called pulp, to the
shape of which both the tooth and the scale conform. One
difference, however, does exist, for while we have but two
sets of teeth, the more fortunate Sharks and Rays have
the power of replacing them from behind as fast as they
are worn away in front.

Among Elasmobranchs, and especially the Skates where
the spiracle is large, no difficulty is found in seeing that it
lodges a pseudo-branchia ; this is obviously not the same
thing as that of the Teleostei, for, asin the Sturgeon, a fully-
formed half-gill takes the place of that organ, while
behind there are in addition at least four complete gills.
The Elasmobranch skeleton presents us with a marvellous
diversity of modifications ; in some there is a partly or
wholly complete bony vertebral column, in others, we find
a simple notochord as in the Sturgeon, and while in that
animal all the outlying structures are bony, in some Sharks
the notochord alone is replaced by bony discs, and the
outlying parts are cartilaginous. Other modifications, too
detailed for notice here, occur, but the skull and the skeleton
of the fins retain in all the embryonic condition, the
cartilage of which they consist, though it may be encrusted
in bone, being never replaced by bone. The skull forms a
complete box, which lodges the brain and expands in front
of the eye into two olfactory chambers, and behind it into
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two auditory chambers, which lodge those sense organs
respectively. TFurther detail concerning these is needless
here.

Sharks are used for soups in China and Japan, while in
our own land the Smooth-Hound, Tope and Picked-Dog, are
eaten on emergency, but not as a rule ; in Cornwall, a soup
is said to be made of the Rough-Hound, and while at one
time the Monk-fish and Rays used to be cooked in abund-
ance for food, the latter and especially the Skate are still
somewhat in vogue. The Monk-fish and Dog-fishes of our
coasts furnish a type of shagreen much used for polishing
hard surfaces, and oil is extracted from the liver of the
Larger spotted Dog-fish.

Standing quite away from the ordinary Elasmobranchs,
is the genus C/himera ; in that its flesh is at times eaten,
and that it furnishes oil, said to be used medicinally, it may
be mentioned here. There are but four species known,
and as it makes raids upon the Herrings, it is called the
“ Herring King.” Rare on our own shores, it abounds in
the Polar seas; its body is naked and curiously shaped,
ending in a long filiform tail; all the fins are large,
especially the pectorals and the first dorsal which lie above
them. This fin is armed with a powerful spine, and ‘the
male animal has a curiously toothed appendage im-
mediately above and between the eyes; the anal and
caudal fins are confluent. Among its many interesting
peculiarities, it may be here noted that its young bear
certain placoid scales, which they soon lose ; in the adult,
that portion of the lateral line organ which lies on the side
of the head, is, like that of the young of other forms, an
open groove enlarged at intervals ; if closed between these
enlargements we should have the typical condition. The
mouth is guarded by six cutting teeth—four above and two
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below—which are never replaced. A spiral valve exists in
the intestine, and there is no spiracle present; the gills
are closed in under an operculum, having all the relations
of that of the higher forms, but containing no bones.
There is a nearly simple notochord ; and other modifications,
beyond the scope of these pages, exist, which show it to
be a form standing alone among living fishes.

The Lampreys form another isolated group. Highly
modified Eel-like creatures, with their fins forming a median
fringe, which encircles the tail and may be broken up dor-
sally, they show no trace of paired fins, for just as is the case
with most snakes they have lost them, and are, for these
and other reasons, said to be degenerate forms. They
are mostly free-swimming, and occur in abundance in both
hemispheres. The large and much-prized marine Lamprey
(Petromyzon marinus) ascends our rivers—chiefly the
Severn—in the spring to spawn ; and the river Lampreys,
or Lamperns of fishers, are used both for food and bait. In
all these animals the proper jaws of other forms are
suppressed, and there is developed in front of the true
mouth an immense accessory sucking apparatus, fringed
with small tentacles in some, and bearing horny teeth,
which latter, in that they are formed outside the lining
membrane of the mouth, differ from those of other fishes.
As the result of the development of this sucking mouth,
the nasal sac, which is here single, and which lies in
the young animal on the under side of the head as in
Sharks, is carried up to the dorsal side. The tongue is
long, always tipped with teeth, and rasp-like, and is so
arranged, that the animal, attaching itself by its lips, with-
draws this, and, producing thus a vacuum, holds on in
the fashion of the schoolboy’s sucker. They may be seen
to anchor themselves thus to stones or floating objects ;
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and while the Lamperns feed upon small fish and other
forms, which they take in as best they can, the sea
Lamprey is said to attach itself in this way to either
dead or living fishes,.chiefly of the Cod tribe. This
done, it is said to rasp out a morsel of its host’s flesh and
depart. The Hags or Myxinoids, however, instead of
doing this, usually enter by some natural aperture, and
actually force their way inside the body, for which reason
they are called the “borers.” Often they do not leave it
again until nothing but bones remain, which their horny
teeth cannot touch; they are therefore true parasites, and
here, as always under such circumstances, the individual,
dead to all self-respect, becomes a mere degenerate hanger-
on. Their presence is the more obnoxious, in that their
skin contains stinging organs like those of the Jelly-fishes.
In order to fulfil these functions, it is clear that the gills must
become modified, and this necessity leads up to a strange
series of changes. Firstly, the gills are always pouch-like,
for which reason these animals are collectively called the
Marsipobranckii. In the Lampreys there are present seven
pairs, which open at the sides of the head externally, and
internally they lead into a special chamber, which lies
beneath the cesophagus and can be shut off from the
mouth by a couple of flaps or valves ; if watched, there can
be seen a rythmical pulsation going on, the water setting
both in and out by the gill apertures. Here, once more, we
find a means of separation of the respiratory from the
alimentary functions. In most of, but notin all, the Hags,
the gill-sacs open externally by a single pore placed far
back on either side, and internally into the pharynx itself;
here then arises a difficulty, and they get out of it by
breathing through the nose. For this reason the nasal organ
opens into the cavity of the mouth in them, but not in the
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Lampreys. The vent is placed far back, and the alimen-
tary canal is a straight tube ; behind this there is a papilla,
placing the generative and kidney ducts in communication
with the exterior. The eyes are small, and in the Hags
buried up beneath the skin and useless. The eggs, when
laid, are often buried in the sand after the fashion of the
Salmon’s, and the young pass through a series of larval
stages, which extend over a long period ; as this is so, the
metamorphosing larve were once thought to be a distinct
species and were called Ammocetes. The skeleton is wholly
cartilaginous, an immense notochord being present; this
cartilage contains a deal of fat, and, contrary to the general
rule, is said to yield no chondrin on boiling.

The only remaining group, viz., that of the Mud-fishes, is
one of the most interesting among all living animals. They
are poor swimmers, and though found in brackish water are
restricted to the rivers of Queensland, tropical Africa, and
the Amazon. The three so widely distributed living genera,
are the last survivors of a once great race. The “Barra-
munda ” of Queensland,* and the African Profopterus, are
both cdmmon food fishes in those countries, while the South
American genus Lepidosiren, is but little known. The body
in all is elongated and covered with cycloid scales, and what
median fins do exist are confluent ; the organsof the lateral
line are present, and the ventral fins are abdominal and far
back. The paired fins, unlike those of nearly all living fishes,
are paddle-like, and each consists of an axis, fringed on either
or on one side alone, while in the African genus the axis
alone remains. They have teeth, an intestinal valve,
abdominal pores, and true gills, in common with other

* Specimens of this animal— Cerafodus—can be seen in the New

South Wales Collection, and a well-prepared skeleton of it and other
fishes in the West Galleries.
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fishes ; but they stand alone in being able to use the open
air-bladder as a lung; in accordance with this, the blood
vessels which supply it, contrary to what is found in all
other fishes whatever, are either partly or entirely connected
with the heart itself. These animals, by virtue of this
arrangement, can breathe by lungs and gills, either together
or independently, and are therefore called the Dipnoi.
They thus not only have the power of living on land,
which in fact they do in search of food ; but the African
genus, in time of drought, constructs a mud-hut in which,
leaving air-holes, it lies in a torpid condition, until liberated
on return of the rainy season.* For these reasons the name
of Mud-fish is given it, and the specimens which reach our
aquaria are sometimes transported mud-hut and all, and
liberated upon arrival. These, and a host of other modifi-
cations beyond us here, show that we are dealing with an
animal obviously a fish and yét not a fish, inasmuch as in-
terference with gill respiration, which would be fatal to an
ordinary fish, is in it to an extent optional. We are, in
fact, on a borderland between two great groups, and in the .
whole realm of nature forms similarly connecting any two
apparently well-defined groups are to be found ; we thus
get “harmony in discord” and continuity in all.

While no other fishes have a lung so fully functional as
this, many are capable of living for a time out of the water,
and others cannot live without coming to the surface to
breathe. The failure to live an exclusively terrestrial life,
among them as even to go lower in the scale, among some
Crabs, is not for the want of trying. We have -most of us
heard in our young days of the climbing Perch of India;
this little fish utilizes its spines in ascending the Palm-trees,

* The ordinary Carp, Eels and Tench are said to bury themselves

in the mud during the cold months, a habit, however, not to be con-
founded with that of the Mud-fishes.
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and as to its respiration, it developes from its gill-arches, as
indeed do some Herrings and others more or less completely,
a structure known as the labyrinthiform organ ; this lies in
a pouch above the gills, its walls are folded and refolded after
the fashion of a sponge; and the water held in its meshes
serves to keep the gills moist while on dry land. That it
also performs a respiratory function in the water is clear, as
this Perch, in common with others having a similar
apparatus, is drowned if prevented from coming to the
surface. If the gills of an ordinary fish are bandaged up
certain death ensues, but if these forms are so treated they
live on, so long as allowed to rise to the surface, Among
the Siluroids, some Indian forms attempt a similar thing, by
sending back, as in the genus Saccobranchus* a long
pouch in among the muscles of the body ; here, it will be
remembered, the air-bladder is used for purposes of hearing.
A South American genus, Callicthys, passing the air through
its alimentary canal, hasan intestinal respiration ; in some of
these still other strange modifications in the same direction
occur, in the presence of which even the gills themselves
may be reduced. Some of the Ganoids on the other hand,
rising to the surface, make use of the air-bladder as a
lung, but in no known fishes, except among the Dipnoi,
is prolonged life upon dry land possible. '

This leads up to the Awmphibia, of which the only
commonly edible form is the Frog. Its appearance is too
familiar to need description here, and no one who has merely
seen its skewered hind legs, as offered for sale on the
Continent, would recognise in them the ventral fins of a fish
to which they correspond. The Frog, like the fish, has no
neck, and while the caudate Tadpole is a free swimmer, the
adult is tailless ; the skin is scaleless, but some of the lower

* This fish and the climbing Perch are both represented in the
Indian scction.
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amphibia are, like the fish, scale-clad. The internal organs
are at first sight unfish-like ; but the truth is that in it and
right on up to man himself, there is much more that is
“fishy ” than people are wont to imagine. Under ordinary
circumstances, the Frog may live either in or out of the
water, and for this reason it and all its allies—our Newts,
Efts, Toads, &c.—are called the amphibia ; it must, however,
come to the surface to breathe, and this it does in a very
characteristic fashion. Unlike us it has no ribs,so that costal
respiration is impossible, and experiment shows that it can-
not breathe with its mouth open ; what it does, therefore, is
to depress the floor of the mouth—it first being closed—
whereupon the air is sucked in through the nostrils ; these
are then closed, the floor is raised -and air is forced into
the lungs, which, by their own elasticity in the main, again
expel it as the nostrils are opened. Thus it is that we find,
in place of the movements of our chest, corresponding
movements of the floor of the mouth. The Frog is
carnivorous, but the teeth, which exist in the upper jaw
alone, are prehensile ; no lateral motion of the jaws or biting
is possible, and the tongue is also capable of being protruded
and used as an organ of prehénsion. Eyes, with well-marked
eyelids, are present, as also are the ears, which here, as in
the fish, show no signs of external appendages; contrary
to what is seen in the fish, however, the drum of the ear is
visible behind the eye. The vent is placed at the extreme
end of the body, and on either side.of it there can be seen
as in the Eel's tail, a rythmical pulsation, due to the pre-
sence of a pulsatile lymph-heart.

The bearing of the Frog upon the fish, however, is best seen
in the Tadpole; that, as everyone knows, is a long-tailed,
free-swimming animal, it has gills and a sucking mouth with
horny teeth, and at one period, gill-covers exactly like
those of a fish, and like those of the Herring King not
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supported by bone. It is an animal for which you can

find no name but that of a fish. Later on lungsare formed

from the gullet as is the fish’s air-bladder, the gill-covers

close over; gills, tail, and horny teeth disappear—the

“moult ” is passed—and the animal now becomes a Frog.

Inasmuch as it passes through a true fish-condition, it is

said to have a complete metamorphosis ; but there are

many allied forms, which never get beyond the gill-bearing

stage. In this building will be found one of them, the

Axolotl, an inhabitant of the lake which surrounds the city

of Mexico. If this animal is deprived of access to the water,

that is, subjected to the equivalent of a series of droughts,

its gills disappear, and as it for ever afterwards breathes by
lungs, it completes that which the Mud-fish had begun.

Its eggs, especially when laid on dry ground, often give
rise directly to gill-less forms; in either case the lungs-
alone remain as the organs of respiration, and the creature
becomes terrestrial. Other changes, not the least important

among which affect the colour, go on, and we have a
“species ” produced before our eyes; more than this, how-

ever, for there is here realised the transition from the

branchiate to the abranchiate forms, and the air sac, now a
lung, remains such, right on up to man himself ; and from

this point onwards, just as we saw fish trying to become

terrestrial, so we shall find terrestrial forms which, dis-

satisfied with their surroundings, tired of the new love, go

back to the old one and try to become fish.

First among the higher animals possessed of this ambition
come the Turtles, which as we all know are true reptiles ;
like other reptiles and birds their eggs are enclosed in a
hard shell.

The members of this group of the (helonia as they are
called, like the I.obsters, Crabs, and many other animals,
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carry their “house” on their backs. This great exo-
skeleton is but an exaggeration of what we have already
seen in the fish, and by its agency they often defy
destruction, except by the capacious jaws of the Crocodiles
and certain fishes ; in retaliation for this, some Chelonians
make a favourite repast upon the .eggs of those great
monsters. Among them we find adaptations to almost
every mode of life ; there are land and water Tortoises, but
the marine forms alone constitute what are called Turtles. Of
these there are but three living genera ; they occur chiefly in
the Pacific and Atlantic oceans, and furnish that size gud
non of the city dignitary, and our no less valuable tortoise-
shell. In India, one soft or Mud-Tortoise is eaten,

The general build of their body is well known, and at
first sight it may seem strange that such heavy brutes
should lead an aquatic life ; some water Tortoises, it is true,
are little less heavy than land ones—they have inherited
the “house” and cannot shake it off, so they reduce it,
and in the Mud-Tortoises it is quite soft. In the Turtles it
is less bony than in the solid land forms, and as the capacity
of their enormous lungs must diminish their specific gravity,
it is not surprising to find them living on the surface of
deep water, where their favourite food abounds. On land
they are far less active than their terrestrial brethren, and
this, because the limbs are modified for swimming purposes ;
the clawed-toes of land forms are here bound together to
formh paddles, and as this is most marked in the fore limbs,
from each of these all the claws but one disappear. They
come periodically on land to deposit their eggs, and
as the injunction to crawl on the belly extends to
them, man, taking advantage of their weakness, gets. the
ascendency. All Tortoises have a long neck, upon the
flexibility of which the power of capturing their prey
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depends ; in some it is naked, but the Turtles have head,
neck, and limbs, all covered with horny scales. The “ house ”
is so fashioned in all, as to leave the head and neck, limbs
and tail free; in some these can be partly or in others
wholly retracted, and being the only freely movable organs,
the bony structures which support other parts become
firmly united with the shell. As this includes the ribs, these
animals, having no proper chest, breathe like Frogs—they
swallow the air much as we do a pill. The lips may be
fleshy, but the mouth is generally guarded by two powerful
horny beaks ; and in the case of the Turtle, from which we
derive our tortoiseshell, as the upper jaw is recurved like -
that of a bird, it is called the Hawk’s-bill Turtle,

In its edible confrére the jaws are notched and jagged,
much like the beak of a snail. They have eyes and eyelids,
a tympanum beneath the skin, and are in every respect
reptilian. The Turtle which yields our soups is an enor-
mous brute, sometimes reaching a length of 6 to 8 feet, and
weighing nearly eight hundredweight; from its colour it is
called the Green Turtle (Chelone viridis or midas). While
its house is somewhat flattened and smooth, that of the
Hawk’s-bill Turtle is beautifully sculptured, and the plates
which in the former merely fit together, in the latter are
scale-like and overlap, which for this reason is also called
the Scaly Turtle (Chelone squamata or imbricata). Unlike
its great relative, it rarely exceeds two feet in length, and
although of no edible value an allied species is eaten abroad.
That which. characterises it therefore, economically as
artistically, is its thickened s.caly investment.*

No difficulty is experienced in removing the thin though
similar plates from an ordinary Tortoise, at death. If ex-
amined thus, it will be seen that these horny plates are

* Examples are shown in the Western Galleries and elsewhere.
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neither covered in under an epidermis like young scales and
teeth, nor do they correspond in relation and number to the
bones of the underlying “house.” Proven thus to be
totally different structures to either, they are, as from these
facts they must be, actual modifications of the epidermis
itself. ~Tortoiseshell then is an epidermal thickening,
which, like all similar structures, owes its presence to
activities going on in the skin—we are dealing now with
that which the fish has not.

On the back of the Hawk’s-bill Tortoise there are
thirteen of these large plates, with an edging of smalil ones.
While on the limbs, neck and tail the latter alone occur, it
can be seen upon removal, that of those on the back the
five median ones overlie ten bony elements, while the four
lateral ones have beneath them on either side eight ex-
panded bony masses. These are true bony scales, formed
like those of a fish beneath the epidermis, and for purposes
of distinction are called “scutes.” Owing to the nature of
the changes undergone in the production of a firm rigid
body, the underlying backbone and ribs have completely
united with this so-called carapace. On the ventral side
these scutes keep clear of the endo-skeleton, and give rise
to a defence, as unlike as it could be to that which in dress
but better in warfare, is called a plastron.

Crocodiles and Alligators do, and Lizards will, take to
the water, and there thus remain among reptiles but the
snakes for consideration. The use, medicinally, of viper
soups, broths and what not, practised by our forefathers,
still survives even in Surrey, and let the unfortunate “ Sea-
serpent ” turn out to be what it may, the fact remaijns—that
Sea-snakesdoexist. The common snakes can do everything
but fly ; they climb, run, or swim, with marvellous radidity.
In America there exist non-poisonous, and in south Asia
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poisonous, freshwater snakes. The Sea-snakes occur in the
Indian and Pacific oceans, and may reach a length of ten to .
twelve feet; many of them, unlike the Tortoises, have
adapted themselves exclusively to the new life, and being
poisonous are among the most deadly inhabitants of the deep.

Among birds, Ducks and Swans, not to say Gulls, Waders,
Pelicans, Sea Eagles, and still less the Darters, Spoonbills
and others, are more or less familiar to most people, as being
capable of leading a partly aquatic life or of at least feeding
upon fish. All these, including the Grebes and Divers, are
bird-like ; their plumage has the ordinary characters; their
wings, except that in some they are small, are clad in the
customary long feathers, and the hind limbs are free of the
body. The neck, beak, or legs, may be specially modified, but
except for a webbing of the foot there is n'othing fish-like in
them ; some of them can both dive and swim beneath the
surface, but when we come to the Penguins we find an
adaptation to a temporarily submerged condition, reaching
its maximum among living birds.

To this end something of the nature of a fin is established,
the bones of the fore limb are closely applied together,
and flattened in such a manner that—all power of inde-
pendent movement being lost among them—the limb moves
asawhole. In order that the least possible resistance may
be offered to the animal’s progress, the feathers of the body
are small, of uniform pattern, and scale-like; and while
something approaching this is seen among other marine’
birds, it is only in the Penguins that the fore limb—no
longer bearing the familiar wing feathers—is converted into
a paddle. The hind limbs, modified in some respects,
when compared with those of most living birds, are bound
down to the body, as in the Seals, only the foot being free;
this being so, the body itself is carried erect on land, giving
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the bird a strange and highly characteristic appearance.
The young Penguin is among the most curious of nature’s
productions ; it has shaken off its inherited power of flight,
but the modifications of its limbs render it a most un-
gainly looking animal, as it “waddles ” about until fully com-
petent to trust itself to the depths of the Southern Ocean.

The only group now remaining for - consideration is
the Mammalian. Mammals are so called, because they
possess organs which enable them to suckle their young
which are brought forth alive, and in them, unlike all
other animals, the body cavity is divided into a thorax
which contains the heart and lungs alone, and an abdomen
which lodges the rest of the viscera. They all have
hairs at one or other period of their existence, which,
like the scales of the reptile, are exclusively epidermal in
origin ; not infrequently they may have scutes also. The
skeleton, the organs of circulation and respiration, all have
special characters by which they can be recognised from
those of other animals; in common with birds, mammals
are said to be warm-blooded, as distinguished from so-
called cold-blooded reptiles and fishes.

Our Hippopotami, Rats, Voles, Bears, Dogs and Beavers
all take to the water, but no mammals lower in the scale
than the Otters, are equally at home on land or in water.
These creatures, with their webbed feet and broad flattened
tail, are, in the case of the large Sea-Otter of the North
Pacific, hunted almost to extinction for their fur. Beyond
this, suffice it to say that that animal approaches the Seals
in appearance and habit, and that its skull and teeth have
all the characters of those of a typical carnivorous mammal.
We must most of us know, that if a warm-blooded land
mammal would live in water, it must at least keep in the
heat ; and this first difficulty is overcome by the Otter, for it
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has beneath its skin a layer of fat—a blubber—which effects
the purpose. We ourselves possess this to a less marked de-
gree, and one is curious to know to what extent the success
of great swimmers may not be due to a similar condition.

Next come the Seals and the Walrus. They carry
matters a step further, for now we find that the body is
becoming more fish-like ; obstructions are being cleared,
and in all but some Seals the ear goes. Those which
retain it are called the Otaride or Eared-Seals. The nasal
organs are very large, and in some visibly sacculated ; the
animals have perfect control over their valvular nostrils,
and all now becomes a question of fins. Here an
important difference steps in. In all, the fore and hind
limbs are each bound up in the webbed skin, for which
reason the group is called the Pinnipedia, the hind limbs
are in part similarly bound down to the tail, but, while the
ordinary Seals use their feet, the Sea-Lions use both their
limbs as propellers. The Sea-Lion and Walrus begin by
elongating the thumb, so that it becomes the longest finger
of the five, the others all getting shorter in succession ; by
this means a fin rather than a paddle is formed, and the
hind legs are retained for walking purposes. - This being
so, the animals can support the body on all fours on land,
and they progress by this means in a highly characteristic
manner, walking on the entire palm of the hand and sole
of the foot, both of which members are carried at right
angles to the body. The Sea-Lion, having a long neck,
groome itself after the fashion of a dog, and can scratch its
head with its hind limb,* while the thick-skinned Walrus can
look behind it as readily as can a man.

The ordinary Seals, however, have the hind limbs thrown

* One of aseries of artistically-grouped examples is preserved in
this attitude in the Canadian section.
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back, in which position they are bound down to the tail,
the enlarged feet alone being free ; these they use as a pro-
peller. The fore limbs remain small, and are carried close
to the body. By these, as in the fish, the more delicate
movements are regulated. As they thus have no power
of raising the body on land, they are among the most
helpless of all animals when “beached,” but among the
most active when once in the water. The nails in all are
small, and in some there are extra supports formed for
the expanded flippers. The teeth in most Seals are of the
true carnivorous type ; the familiar large canines, and the
sharp-cutting cheek-teeth like those of a dog, are proofs of
the real relationships of these forms. In some, as for
example the great Bladder-nosed Seal, the teeth show
marked signs of reduction in size, and they are in most
so disposed that those of the two jaws interlock, after the
fashion of a fish’s teeth. By virtue of this arrangement,
the teeth come in some to be nearly uniform in size
throughout ; all are small, and between them there are
great gaps to receive the teeth of the other jaw. All
these animals, including the Walrus, shed their milk teeth.
The Walrus is characterised by its well-known * tusks,”
which are but immense eye-teeth or canines; they are
present in both male and female, and the other teeth are
reduced in proportion as these are enlarged. This highly
intelligent brute presses its tusks into service for purposes
of locomotion on the ice, as well as for both offence and
defence, its only masters being the Polar Bear and man;
their main function, however, is that of digging out the
small-shelled animals from the shores on which it lives.
Walrus fishing is now practically a thing of the past, and
the only parts of the animal now used outside the Arctic
circle are the tusks, which are still in vogue by ivory workers
N 2
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and dentists. It is confined to the North Pacific and North
Atlantic seas, but its remains are found fossilized as near
home as Suffolk. The Finlanders used to make a regal
tribute of it.

From all that we have seen, it is clear that heat must
be kept up, just as nutritive material must be supplied,
alike for the maintenance of our bodies ; and regarded from
this point of view our sealskins, and other similar animal
products used for clothing, are but so many “foods” in-
dispensable to our existence. The inhabitants of the
Arctic circle once used the Walrus, as the Esquimaux
still use the Seals, to supply every imaginable want.
They eat even its liver and blubber ; their clothes, boats,
tents, weapons, and even the “coffins” for their dead are
derived from it; while, having no cotton factories, they
sew with its sinews. Nearly all Seals, wherever they are
plentiful, are used for food; we nevertheless threaten
both to deprive the Islanders of their food and the world
of its Seals, by our systematic, not to say brutal and in-
human raids upon the young, in our greed for finery.

The skin, which in the Walrus is thick and leathery,
sparsely hair-clad, and often scored with battle-marks, is in
the Seals thickly covered in the short close-set seal-fur;
the actual characters of this vary much with age, in some
it is variously coloured, in others almost white.* The body
of most mammals is clothed in “hair” and “fur,” just as a
bird’s is clothed in “feathers” and “down.” In the Seals
and Walrus, as in our more familiar domesticated mammals,
certain of these hairs are enormously enlarged to form the
so-called “whiskers,” which, as everyone fully knows, are not
completely formed until some time after birth. The
customary distinction between “hair” and “fur” Seals,

* Examples can be seen in the Newfoundland Collection.
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therefore, inasmuch as it is often entirely a question of age,
is an unnatural one; the true hair Seals are but those in
which the longer “hairs” predominate, the soft “under fur ”
being reduced, just as in pigeons, among familiar birds, the
“down” is reduced. The Eared-Seals furnish both hair
and fur-kinds. Both they and the common Seals are found
in N. and S. latitudes of the two hemispheres.

The body, in some Earless-Seals hairy even to the soles
of the feet, is in all clothed in the afore-mentioned fur
and hair, and the market value of the dressed skin is
proportionate to the care with which the long hairs are
removed. This is done by a very simple process, underlying
which there is a most instructive lesson, The hair, like a
bird’s feather and a tortoise’s scale, is a modification of the
epidermis, but unlike the scale, its base sinks down into
the skin for purposes of attachment, and forms a so-
called root; as this sinking is proportionate to the length
and size of the hair, it follows that the “hairs” of the Seal
must lie deeper than its fur. The skin upon removal is
pared to such a level as shall destroy the attachments of
the hairs, they are then plucked, and the under fur, un-
injured, alone remains,

When we come to the Porpoises, Dolphins, and Whales,
with their allies, the first noticeable thing is that, like the
Eels, theyhave lost their hind limbs. Only in the Whalebone-
Whales is there ever a trace of them, while all others have
a remnant of the hip-girdle alone left. This is accom-
panied by a-much closer approximation to the fish type
than is seen in the Seals; the tail, short in the Seals, is
here very long and bears a fin which, unlike that of the
ordinary fish, is transversely set. The head is, in all, run
into the body so to speak—there is no longer a true neck—
and here again there is realised a true fish-like condition ;
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in many, the vertebrae of that region all unite into one solid
mass, which may itself unite with the vertebrae behind ; the
articulations of the skull with the backbone are, as com-
pared with those of a typical mammal, highly modified. The
fore limbs are now quite destitute of nails, and converted
into complete fins; they correspond with our own arms and
hands, and while in the Seals, as in ourselves and some of
this tribe also, the joints of the fingers never exceed three
in number, in others, their number may be increased with
the elongation of this “fin.” On the back there is often
present a somewhat large dorsal fin, which like the tail fin
is not supported by bone. The members of this group vary
in length from four to about eighty feet, and they are found
in all the great seas. Some are of a gregarious, roaming
disposition, others follow up fish-shoals, while many feed on
small animals. The “ Killer-Whale ” * will attack anything,
from a Whale downwards, and some members of the group
await the return of the Salmon at the river’s-mouth.
Fluviatile representatives occur in South America and in the
Ganges, The head may be small and rounded as in our
common Porpoise, or as in the Sperm-Whales (Plyseters)
may reach a length half that of the body ; the body itself
is clad in a thick hairless skin.

Highly modified as are these animals, they nevertheless
cannot shake off their identity, for while the adult of one
genus alone—the Inia of the Amazon—has hair about its
“beak,” the young of all have at least traces of the familiar
whiskers of the mammal. The eye, never so large and
intelligent as that of the Seals, may be almost as small in
comparison as the Mole’s, and it never has a nictitating
membrane. The external ear has gone, but the Porpoise
and some two or three others, when young, have this

* Orca. Askeleton of thisanimal is exhibited inthe Swedish collection.
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appendage developed, like that of the Seals, but on a
smaller scale; in the case of the adult Porpoise indi-
viduals have been also known to exhibit a trace of it.
We saw in the Sturgeon, that the separation of the res-
piratory from the feeding process was a matter of con-
venience ; in all permanently aquatic mammals it obviously
becomes a necessity, as we all know what opening a mam-
mal’s mouth under water means. To this end, the larynx
is here, as indeed it is in some land mammals, fastened into
the nasal passage, and thus kept clear of the mouth, The
nasal organs do not generally open at once on to the exterior
as in ourselves, but into a large accessory chamber, which
again opens by a single valvular “blow-hole.” In the Baleen-
Whales, the so-called blow-hole is double, and, as there is in
them no accessory chamber, the couple of long tubes which
put the nasal organ into communication with the exterior,
are really the nostrils, much elongated, Seal-like but not
saccular. The mode of respiration itself, is, in these
animals, exactly that of other mammals ; ribs, diaphragm,
and so on, all exist, and the notion that water is ejected
in “spouting” is an entirely-erroneous one, for, as the
animal begins to breathe before quite reaching the surface,
the water above it is displaced by the outsetting current of
air., The viscera and brain in these animals are entirely
mammalian, and the only thing to be noted here, is that
the stomach is very complex, as is that of many land
mammals. Contrary to the general rule among these, no
act of rumination accompanies this. The Whales cannot
get back to the “gilled” state, but their blood system is
nevertheless curiously modified.

The flesh of many of these forms was formerly eaten
even in this country, and still is elsewhere ; the tongue
being a special dainty. The milk is at times used. The
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skin of the Porpoise, and chiefly of the White-fish
(Beluga),* is still used for shoes, laces, and machine-bands.
The visceral organs are used by the Northern Islanders
for a variety of purposes, ranging from soups to cords,
curtains, and even windows. The sinews, like those of
the Seals, are pressed into service for threads.

The blow-hole and nostrils vary very much in position,
and in any case the shape of the no less variable fore-
head, is the converse of that of the underlying skull;
just as the bony ridge over our own eye—that pet seat of
the perceptive faculties—is of the underlying brain. In any
case, there is in this region an enormous accumulation
of fat, but the mere thickening of the skin of the head is
no new feature, as many fishes, and especially the Sun-fish,
possess this to the utmost degree. In the Sperm-Whales,
there is in this region a great chamber known as the “case”
filled not merely with fat, but oil, from which our spermaceti
is obtained. OQils are also extracted from the blubber
which invests the body, and which serves in life, as already
noted, to regulate the bodily heat, and also as a protection.
Fat accumulates beneath the skin for these reasons, but in
our land forms, our butchers’ shops show us that it does
not do so to a very marked degree, until all the available
space within the body is utilised.

The ambergris of perfumery is obtained from the excreta
of the Sperm-Whales, and is probably derived by them from
the Cuttle-fish, upon which they feed.

When we come to the teeth, we have to face a marvellous
series of phenomena, every bit as much food for the mind,
as the organs themselves are food for our markets.

The whalebone of the Whalebone-Whales—the Baleen

* Stuffed examples of this, conspicuous by the absence of a dorsal
fin, are visible in the Canadian section.
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or right Whales of fishers—not to say the great tusks of that
veritable Unicorn, the Narwhal, are familiar to most people.
These Cetacea are subdivided by naturalists into toothed
(Denticete), and whaleboned (Mysticete) forms. We saw
that the Seals found it necessary to modify their teeth, and
in all living Cetacea they are small and of one uniform
pattern—they never have more than one fang, and the teeth
of the two jaws interlock like those of a fish. Most forms
which retain their teeth, find it necessary to increase
their number ; and while few mammals except these ever
have more than forty-eight teeth in all, we find among
them nearly double that number, in one case nearly
two hundred being present. Others, as the Sperm-Whales,
have no teeth in the upper jaw, and often but few—in
one case* but two—in the lower; still others, as one
Grampus and the White-fish, early lose their teeth.
When we come to the Baleen-Whales, we find that the
enormous mouth, out of all proportion to everything else, is
lined by the whalebone or baleen. In the higher animals,
we have seen that the epidermis has become active in the
production of hair, while beneath this, the dermis still
retains its power-—inherited from the fish—of forming teeth
—mouth scales. On the body the hairs have replaced the
body scales, and bearing in mind that in all this same skin
forms the lining membrane of the mouth, what is more
natural than that it should also carry in with it the power
of forming hair? this it does, and this hair, which hangs
down from the roof of the mouth, we call whalebone.
This is not all, for though in the feetus of these animals
teeth are formed, they do not cut the gum ; they disappear

* That of Sowerby’s Whale. An instructive series of specimens
including this, a Grampus, and other Cetacea, are displayed to the
best advantage in the Swedish Collection,
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and are said to be absorbed, that is, they are dissolved, and
their constituents, whirled away in the current of the blood,
are voided elsewhere. The modification and partial suppres-
sion of the teeth seen in other forms, have in these become
total, and hair has now replaced the mouth scales. Here then,
just as in the case of the Frog and Tadpole, we have in
the life history of the individual, a complete recapitulation
of the changes undergone during its evolution in time—its
so called phylogeny. The like is true of all living things ;
but rarely are the steps so clear as here, where truly
“he may run that readeth it” Similar structures to
whalebone are nowhere wanting, the quills of the Porcupine,
the horny part of horns, and even our own nails, are every day
examples. The tongue of the Whales, unlike our own, is
incapable of motion, and fixed to the floor of the mouth.
On feeding, the animal swims open-mouthed on to its prey,
the mouth is closed, and on raising its floor the water is
drained off through this great “whalebone ” strainer, leaving
the enclosed thousands of lowly Jonahsto beswallowed at will.
Going to the other extreme, the male Narwhal retains only
one enormous canine tooth, which generally grows out on
the left side to a length about half that of the body. Germs

of the two canines exist in the young, and in the female - -

both are absorbed. The two very rarely cut the gum in the
male* The Greenlanders still use this tooth as a weapon,
and we for ornament and in turnery. Mankind, always
ready to ascribe a magic power to that which he does
not understand, has at times applied this organ to a
medicinal purpose; as to its use by the living animal,
the most reasonable suggestion ever offered is, that by
its agency ice-holes are kept clear for purposes of res-

piration.
* An example of this is shown in the Canadian Section.
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There now remain but the Mermaids and their allies—
the group of the Sirenia—for consideration ; setting aside
the question of their fabled charms, their flesh, a royal dish
among the Malays, is said to be good eating. In Queens-
land Dugong bacon is still to be obtained.* Their bones
are very dense and ivory-like, their skins are very tough, and
from these, canes, sticks, and whip-thongs, are severally
made. Their subcutaneous fat yields a substitute for our
cod-liver-oil.

There are but two genera living, and a third—the Great
Northern Sea-Cow—has been extinguished within the
last century and a halff These two are, the Dugong of the
shores of the Indian Ocean, and the Manatee of East S.
America and West Africa. Their bodies, which conform
somewhat to the fish type, rarely exceed 12 feet and never
20 feet in length ; like the Cetacea, they have lost their
obstructive external ears. While they, too, have replaced
the hind limbs by a horizontal tail-fin, remnants of the
pelvic girdle remain. The absence of the dorsal fin, the
short neck, and the sparsely hair-clad skin, all show that
they are not so highly modified as are the Whales; the
same is true of their fore-limbs, which, although modified to
form paddles, are never elongated ; the modifications of the
limb are in fact the opposite of those seen in the Cetacea.
In the Dugong, where they are most marked, the nails,
present in the Manatee, have vanished, and the bony parts
of the limb tend to run together. The larynx is not pro-
longed into the nose as in the Cetacea, and a number of
interesting internal modifications occur.

* Stuffed examples of the two sexes of this creature are conspicuous
among the New S. Wales exhibits.
t In the Swedish Collection, among the trophies of the Vega voyage,
there will be found a beautiful skeleton of this animal,
The Grey Whale has been similarly exterminated in the Lagoons
of California.
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When the muzzle is examined, we find that both lips
are very large and prehensile.

The teeth are strangely-modified; no canines ever
appear, and the incisors are always lost, with the exception
of two in the upper jaw, which become the large tusks of
the male Dugong ; being incisors they correspond to the
tusks of the Elephant and not to those of the Walrus.
The cheek teeth, too, are highly modified; 5 on each
side in the Dugong, there may be 10 in the Manatee,
above and below. Unlike those of the Cetacea, however,
they are not small and sharp, but broad, crushing organs,
such as we find in the herbivorous mammals. Such in fact
are these Sirenia, for they live on seaweeds and certain
plant life.

It is probably known to most people, that our sheep and
oxen, and many other vegetable-feeders, instead of having
incisor teeth in the upper jaw, have a callous pad, against
which the lower incisors bite. The skin, which both lines the
mouth and covers the body, forms this pad, just as it forms
hoofs for their feet ; and in the Sirenia, each jaw, curiously
modified, bears in front a large horny gum pad, in place of
teeth. This is notall, for inside each cheek there is present a
patch of true hair, modified to form neither horn nor whale-
bone ; the roof of the mouth is also produced into a series
of ridges, such as can be seen in that of a sheep in any
butcher’s shop; these are often horny among mammals ;
prolong them, and break them up, and something would
result for which no name but whalebone could be found. 1In
these Sirenia, then, there coexist, in the same mouth, teeth
inherited from the fish, side by side with those later products
in time—horn and hair,
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THE UNAPPRECIATED FISHER FOLK.

THEIR ROUND OF LIFE AND LABOUR.

INTRODUCTORY NOTE.

IT was expected of Sir Walter Scott, when the author of
‘Waverley ’ was in his prime, and his novels and poems were
undoubtedly #%e¢ books of the period, that he would some
day devote his attention to the toilers of the sea, and weave
the round of fisher life, with its perils and privations,
its brief joys and prolonged griefs, into one of those
romantic narratives of which he had become the master
spirit.

It is certain the great novelist meditated at one time
a work of that kind, and that he employed himself on
several occasions in gathering such information as would
give reality to its details, as also in making those
studies of character in which he so much delighted. The
friends of Sir Walter Scott have now mostly all gone
over to the majority; and there can be only very few
alive to-day who have held converse with the “Lord
of Abbotsford.” Probably Doctor William Chambers
was about the last of the men who knew Sir Walter,
and could have spoken from personal knowledge of
that great man’s aspirations, but now the good doctor him-
self, after a life of much usefulness, is sleeping his last sleep.

It was the doctor’s brother, however, Robert Chambers,
VOL. IL—H, o
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who told the writer that Sir Walter had intended at one time
to write a story of fisher life and adventure, and that he had
even gone so far as to mention his project to Constable, his
publisher.

It is our loss that the author of the ¢ Waverley Novels’ did
not include in that grand series of books, a narrative of the
toils and troubles of those who try to find their daily bread
in the treacherous waters of the ravening deep—other than
The Antiquary. No pen can be thought of that would have
touched the subject with greater felicity. During the brief
residence of Sir Walter at the fishing village of Auchmithie,
on the Forfarshire coast, he had many opportunities of study-
ing the daily round of fisher life. Twenty years ago there
were persons in Auchmithie who remembered the illustrious
visitor, and who took note of his anxiety to make himself
acquainted with the eccentric people who formed the little
community, in which for a short time he had taken up his
abode, and some of whom were reproduced in the pages of
The Antiquary. 1In the rude fishing village of Auchmithie
in the time of Sir Walter, the fisher folk were unchanged
from the days of a far back period, and even at this day
they are still much as they were then—a peculiar people.
The superstitions and curious manners and customs that had
been handed down from generation to generation still pre-
vailed—the observances connected with the births, deaths,
and marriages of the people were insisted upon, and in all
respects the fisher life of Auchmithie was typical, and repre-
sented in a broad sense the daily life of the hereditary
fishermen and fisherwomen of Scotland. It is certainly in
Scotland (and in Cornwall as well) that the life and labour
of this hardy and industrious class of persons can be
studied to the greatest advantage, and in some places even
yet their daily round of existence rolls on much as it did a
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century ago. In Scotland, the patriarchal system of work
is still largely maintained; in many Scottish fishing
villages the family fishing boat is as much an institution as
a family walnut-tree is in France. In a number of the
English fishing ports the order of business is somewhat
different from what we see in Scotland ; there is less of
sentiment and comparatively little of the superstitious ele-
ment, but at Holy Island, Cullercoats and some other places
the fisher class are much the same as we find them in Scot-
land or Cornwall. In Scotland, the fisher communities
seldom receive any accession of new blood, and fathers and
sons go on succeeding each other for many generations. The
fisher folk intermarry in their communities, and so preserve
those traditions of labour and the observance of those social
customs which have become stereotyped among the people -
who go down to the sea in fishing ships.

It is interesting to know, moreover, that in nearly all
fishing villages, whether they are in Scotland or in France,
in Spain or in Holland, the life of the fisher people, as of
course it can scarcely help being, is of the same complexion ;
a life mostly of hard work, much danger, and scanty remu-
neration. Yes, the fisher folk of France are the very brothers
and sisters of those of Scotland, their manners and customs,
their modes of life, and all that pertains to their dangerous
occupation on the waters, being nearly identical. The
various communities seem to have set themselves down in
convenient places for following their avocation. There are
villages and little towns upon the shores of the sea that
nature seems to have destined for the abodes of fishermen ;
there is usually a natural harbour—¢a’ bieldy cove,” in
which the little fleet of fishing boats finds, during all seasons,
a happy refuge from fierce winds and battling waves.

It may not, perhaps, be generally known to those who
02
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are not in possession of special sources of information, that
in all fishing communities, the woman is head of the house,
and nowhere, in all fisherland, at home or abroad, is this
more the case than on the FEirth of Forth. The Newhaven
fishwife has become a celebrity, and she is indebted to King
George the Fourth for much of her fame. That monarch
during his memorable visit to Edinburgh, in the year 1822,
said to Sir Walter Scott, that some of the Newhaven
women were the handsomest he had ever seen; and her
present Gracious Majesty has been likewise pleased to
admire them. Indeed, since the Queen’s first visit to
Edinburgh, the Newhaven fishwife, with her picturesque
peculiarities and the dulcet notes with which she charms
the public ear, as she cries her oysters (Caller Ou) has
become quite a pictorial personage. She has been painted
in oil, modelled in card board, made up as a whisky bottle,
given to children as a doll, printed in numerous Carfes de
visite, and generally, has been made much more public
all over the world than any other honest woman. She
is a familiar figure in the Café Greco at Rome, as. well
as in the print shops of Berlin and Venice ; and although
the praises of the Newhaven fishwife with passing com-
pliments to her “shapely shanks,” and the sweet voice
that made the heart of the Ettrick shepherd “dirl” with
emotion, have been .celebrated by Christopher North
in the Noctes Ambrosiane, it has not spoiled her, nor yet
interfered with her determined and ceaseless industry.
She is ruler over her household and chancellor of her
husband’s exchequer; it is a saying, indeed, of the
fishwives, that the woman who is not able and willing to
work for a man ought not to have one.

The labour of the females in the olden time was heavy,
but it is less so now that so much of the fish caught



THEIR ROUND OF LIFE AND LABOUR. 197

by their husbands and sons is disposed of at the side of
the boat in wholesale fashion, to buyers from those
large seats of population, which are always demanding
supplies of fish, and are never able to obtain all they want.
Some of the fishwives make excellent auctioneers; they
possess a rude eloquence which is difficult to resist. The
fishwives of Newhaven and Fisherrow in the days of old
used to bear on their backs in baskets called “ creels ” large
burdens of fish daily to Edinburgh, with which they
wandered from door to door in search of customers—a
practice that still to some extent prevails, but which has
been largely rendered unnecessary by the increase of shops
for the sale of fish. Their achievements in fish carrying
have been often chronicled. When the boats were late in
arriving, two or three of the women would join in carrying a
heavy creel full of cod and haddocks, to Edinburgh. Each
woman carried the creel in turn, and by this means fish
have been heard calling in the streets of the modern Athens,
that had only been brought into Newhaven thirty-five
minutes before. Once upon a time, four women walked, or
rather “ trotted,” with a creel full of fish, from Dunbar to
Edinburgh, a distance of twenty-six miles, in five hours!
And after all, each hundredweight of cod and turbot
carried so gallantly could only realise a few shillings. A
big cod-fish for tenpence in those days was an every-day
bargain, whilst “fine caller herrin’, three a penny,” was a
stereotyped call of the fish hawkers.

In addition to Newhaven there are numerous other
quaint fishing communities in Scotland where the manners
and customs of the people are worthy of study. Newhaven,
from its proximity to Edinburgh, and the fame of its fish
dinners is often referred to, and is frequently visited by
strangers from the most distant places. All fisher folk, no
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matter where they are located, whether at “Fittie” in
Aberdeen, or at Portel, near Boulogne, or in the Rue de Pollet
of Dieppe, are largely imbued with a feeling of superstition ;
they can read the clouds at night or morning, and discern
signs and omens in nearly every passing circumstance.
They have their pet aversions, their likes and dislikes. In
some villages the mere advent of a stranger would detain
the men from going to sea for hours ; the impression of a
mysterious foot on the sand has before now caused conster-
nation in a fishing village; the flight of a few harmless
crows over their boats has struck terror to the souls of
stalwart men who have faced death many a time and oft on
the raging waters, and have courageously battled with the
storm-king in the cause of the dear ones at home. In
fisher villages it is the rule to wed within the community ;
no fisherman would think of bringing home a “stranger
woman,” to be jeered at by his friends and companions.
In some communities there is a wonderful scarcity of sur-
names, and identity is preserved by the use of what are
called “to-names” (added to), or “nicknames” as they
may be called ; thus a family of Fluckers, in which all the
common Christian names have been over and over again
exhausted, will be designated by some personal mark, as
“gley’d Johnnie,” or “dumpie (short) Johnnie,” and so on
ad infinitum through a long range of names of persons,
places, and things; such appellations being necessarily
recognized in courts of law, and in all kinds of civil and
criminal deeds and documents. The following is a rather
curious example of the way of using a fe¢ name. A fisher-
man of the name of Alexander Mair, who rejoiced in the
nickname of “Shavie,” being confined for a debt in the
prison of Banff, had occasion to write to his wife at Port-
knockie, and some wag thus addressed the letter:
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Janet Euing, ¢ Shavie’s’ wife,

Pray pay the cash and save his life,

For poor auld ¢Shavie’ is in jile,

An’ distant frae you sixteen mile.
Portnockie Cullen.”

Often enough these cognomens lead to little mistakes of
an irritating kind, but in all legal documents or communi-
cations of importance the nickname is always used as a
mode of identification.

It was a cause of surprise, when on a recent occasion
His Royal Highness the Prince of Wales entertained the
fisher people who were visiting the International Exhibition,
that the majority of those who had come from Scotland
were teetotallers, who would neither drink beer nor Burgundy.
It is not, perhaps, too much to say that at the herring
fishery a large number of the vessels are now what are
called “teetotal boats,” on board of which no spirits are
ever taken; and the men find they can fish quite as well
without supplies of whisky as when they took two or
three drams every night. It used to be a standing re-
proach to the Newhaven fishwives in the olden time that
they “drank,” and there was no doubt a little truth in the
accusation ; after carrying about a load of fish weighing
from eighty to a hundred and twenty pounds they were
sometimes, as the saying goes, dead beat, and resorted on
occasion to “a dram” to restore their flagging energies.
When Sir Walter Scott witnessed the work performed by
the fisherwomen of Auchmithie—when he saw them rush
into the water to bring their husbands and sons ashore on
their shoulders—he was not surprised to learn that some
of them partook of stimulants. “You take a dram, I
perceive,” said the author of * Waverley.” ¢ Oh, 'deed we dee
that, an’ we hae muckle need o’ ’t tee ! ” was the prompt and
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unaffected reply. Many of the Scottish fisher folk are
deeply religious ; in some communities the men and women
conduct a service of praise and thanksgiving, and the un-
lettered eloquence of a rude preacher of that class would
sometimes shame the cultured rhetoric of the pulpit.

The conditions of their shore life, till within these few
years back, was shameful ; the fishing villages of Scotland
were as a rule devoid of all amenity, their sanitary surtound-
ings were of the rudest and scantiest description; dirt—
otherwise “matter in the wrong place”—obtruded itself at
every corner. Some improvement in these matters has
now been happily effected, and the thin end of the wedge
having been inserted, more perfect sanitary arrangements
will doubtless follow in a short time. As we propose to
describe at some length the chief aspects of fishery labour
in connection with the more productive fisheries, we need
not here refer to the calumnies that have been directed
against the fisher folk, such as the accusations of laziness
and their want of thrift. It will be seen in the sequel that
such accusations are either entirely untrue or have been
grossly exaggerated. “It is no doubt considered by some
to be an easy way to wealth to prosecute the herring or
white fish fisheries, and secure a harvest grown on a farm
where there is no rent payable, the seed of which is sown
in plenty by nature, which requires no manure to force it
to maturity, and no wages for its cultivation. But it is not
all gold that glitters. There are risks of life and property
that are unknown to the industries which are followed on
the land.” *

The fisher folk, taking them all over, will compare most
favourably with other classes as regards the labours of the
men and the virtue of the women ; their humble homes, as a

* ¢Harvest of the Sea’—third edition.
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rule, are clean and tidily arranged, and in some villages a
profane word is scarcely ever heard. The hospitality of
the fisher folk is proverbial, and their charity, at times
when a boat is wrecked, and the bread-winner of a family is
drowned, is active and unbounded. In not a few of our
fishing villages there may be seen in the houses of different
families little boarders who have found a home with the
other children of the place, their fathers having gone down
in the waves on the occasion of a storm overtaking the
fishing fleet and wrecking some of the boats. There is
much that is heroic in these communities, and deeds of
charity have many a time been done, which had they been
blazoned by the press, would have excited the unbounded
admiration of the people,
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THE SCOTTISH HERRING FISHERS, THEIR
WORK AND WAGES.

The capture of the herring, the principal fishing industry of Scotland
—DMoney value of the herring—Scotland’s share of the herring wealth
enormous—Number of persons connected with the herring fishing—
The curer the chief agent in the organisation of the fishery—Consti-
tution of the herring fishery of Scotland—The fishing contracts—
Bargaining—Extent of the netting used in the capture of the
herring—Work of the fishery described—The gutters—The
“hired hands”—Incidental phases of the fishing for the herring
—The sprat fishery.

THE capture of the herring may be set down as the
principal fishing industry of Scotland. The herring harvest
gives employment, at certain seasons, to the whole fishing
population, and the labour involved in the capture of that
abounding fish is very much greater than most persons
would think. Although the herring fishery is carried on
at some place or another all the year round, we shall not
visit the varied seats of that particular industry, but confine
ourselves to one of those great centres which has become a
rendezvous for the fishing boats of many smaller localities.
The wealth derived from the herring is enormous, the
total value of these fish which are captured by boats of
the United Kingdom has been set down at the handsome
figure of about three millions sterling. Scotland long ago
succeeded Holland as the seat of the “great fishery,” and
it has been calculated that more than 150,000 persons
derive some portion at least of their means of living
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from “the herring,” the capture and cure of which in many
places of the United Kingdom, and also in Ireland, is a
long established feature of fishery economy.

The chief agent in the organisation of this very onerous
industry is known in Scottish fishing ports as “the curer,”
two-thirds of the herring which are caught by boats fishing
from Scottish ports, being ultimately sold as cwred herrings,
the other third finding its way to market—by means of
industrious “buyers” who are now to be found at every
fishing port—as “fresh herrings.” Herring commerce is
still to a large extent centred in the curer, who finds the
materials necessary for the cure, and engages persons to
superintend the different processes which are incidental to
its progress. Some curers carry on a really gigantic
business, engaging to accept the fish which are caught
by several hundred boats, besides buying, as occasion
offers, from boats fishing on their own account. It is
necessary to state this in order to show such features
of the business as relate to the earnings of the fishermen
employed, many of whom receive but a scanty share of the
large sums, which at times are paid for the fish. It has to
be said generally of the herring fishery as regafds the
remuneration of the larger number of those engaged in it,
that it partakes greatly of the nature of a lottery, in
which some few fortunate individuals secure most of the
prizes, leaving the blanks to the majority of those who
participate in the enterprise.

Before proceeding to give details of the really hard
labour involved in catching the fish, it will be as well to
describe in a few sentences the constitution of the fishery.
We will assume then that Mr. Peterkin, of Wick—there is
probably no such person, but we shall assume that there
is—has set up business as a curer, has become the tenant
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of a space of ground, has erected upon it a cooperage, and
has imported any quantity of barrel wood, and purchased
salt with which to pickle the herrings, as well as numerous
miscellaneous stores likely to prove useful in the course of
the season, including dye-stuff for nets, nets, sails, oars and
whisky. The curer is of course a man of some means; if
not the possessor of ready money himself he is able, we
shall suppose, to obtain credit at one or other of the local
banks (“ cash credits ” on good security being a leading fea-
ture of the Scottish banking system). ' Every curer must have
money at command, as in numerous instances many of his
payments have to be made long before he can realise the
goods which he deals in. As a matter of fact, the curer
often bargains for his herrings months before he can obtain
them—Ilong indeed before it can be known whether or not
there will be any herrings to capture ; and part of the bar-
gain made by the fishers is a stipulation for so much ready
money—known in fishing circles as “bounty ”"—in addition
to the sum per barrel (or cran, which is a measure capable
of containing 36 gallons of fish) which he binds himself to
pay for the herring, and perquisites of various kinds which
he agrees to provide, such perhaps as cutch with which to
bark, or dye the nets, drying-ground for the nets, and a
quantity of tea, coffee or ardent spirits ; although whisky,
as has been already stated, is not nowadays so much in
demand as it used to be, in consequence of the more tem-
perate habits of the men. The curer usually contracts with
each boat-master to supply him with two hundred barrels of
herrings, if he can capture so many ; and a curer may have
twenty or a hundred boats fishing for him, according to
the amount of capital at his command, and the means he
may possess of disposing of the cured herrings. The
striking of a bargain between the boatmaster—or, as we had
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better call him, the skipper—is often a rather tough affair ;
all parties, as we may say, are working in the dark ; neither
of the men who are engaged in the arrangement can tell
how next year’s markets will formulate—if herrings prove
to be scarce, then prices will be high ; if, on the contrary,
there occurs a glut of fish, prices will fall at once to a
probably unprofitable figure.

These are all features of the coming fishery which require
to be taken into account ; and, moreover, although the curer
arranges for the supplying of two hundred barrels of fish
by each of the boats fishing for him, he is not usually pro-
vided with a stock of salt sufficient to cure that quantity ;
he does not perhaps calculate that he will receive on the
average more from each of his boats than from eighty to one
hundred and twenty barrels—* crans ” are however what are
bargained for, but we prefer to use the word barrel, as the
sale of the cured fish takes place in barrels. Generally bar-
gains are struck on the figures of previous years, the curer
trying as well as he is able to forecast the features of the
season, and to picture in his mind’s eye the fortunes of
“the fishery.” If all the fish bargained for were to be
caught, the chances are that the curer would be * caught”
as well ; his stock of salt would rapidly run out, and his
supply of barrels prove utterly inadequate, as has not
infrequently proved to be the case during previous seasons
when a glut of fish has occurred. Besides these désagrémens,
his gutters would not in all probability be able to overtake
the necessary work, and so a large proportion of the fish
captured would in a sense be wasted, as to obtain the best
official brand, it is absolutely necessary that the herrings be
cured on the day they are caught.

Curers are often blamed for their desire to “force
business” in connection with the herring fishery ; and



206 THE UNAPPRECIATED FISHER FOLK.

probably in the case of speculative curers the blame is in
many instances deserved ; and whenever misfortune over-
takes a fishing community the curer is blamed as being in
some way the cause of it. Young men anxious to become
owners of a boat and to engage in the fishing on their own
account, instead of continuing as the hired servants of other
boatmasters, are often able to indulge their ambition by the
aid of a speculative curer, who will supply all that is re-
quired—boat and fishing-gear complete—on credit entirely,
or partly for cash, and partly on credit as may be agreed
upon, but not of course without some distinct advantage to
himself in connection with such a speculative transaction.
He will charge a higher price for the boat and its gear, and
he will make a harder bargain with the owners for the
produce of their fishings. Such transactions occasionally
terminate favourably for all connected with them ; a series
of fortunate seasons enables the buyer of the boat to pay
off his debt and to become a free fisher, at liberty to dispose
of the proceeds of his industry to whomsoever he pleases.
This will not appear in the least improbable when it is
taken into consideration that by one evening’s work a boat’s
crew may draw from the water a hundred pounds’ worth of
herring. On the other hand, the owners of a vessel may
work hard for a whole season, and scarcely obtain a larger
sum than will pay the wages or shares of those hired to
assist them. It is not to be expected that the industry of
herring fishing will be barren of such incidents, so long as
young men are ambitious and curers are willing to specu-
late. The cost of aboat and a suite of nets, it may be added,
is much greater than it used to be ; herring boats are of a
larger build now, most of them being decked or half-decked
vessels, in place of the open yawls that were in almost
universal use for the shore herring fishery twenty years ago.
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The herring boats of the period, with all their fittings, will
cost on the average about £270, whilst nets will cost about
43 each.

When the bargain has been made, the labour of fishing
begins at the proper season, the fishing on the Scottish
coasts being at its height in the month of August. The
fishing-boats engaged in the herring fishery are frequently
being improved, and will doubtless some day be much
better than even the best of them are at present, far
ahead as these are of the old “Clinker” Leith built boats
once so much in favour.* As has been hinted, many of the
boats are “family concerns,” and, that being so, come to
be worn out in time, the money earned being all required
for the use of those dependent on the vessel, and as
repairs are not always made when necessary, the boat in
due time becomes unfit for the work incidental to the
herring fishery, and in the end is laid up a sheer hulk
quite useless for any purpose whatever. A number of the
boats engaged in the herring fishery are still the open

* As to the superiority of large boats over small ones, we have
gleaned the following information from a report of the Scottish fishery
board, in which the fishery officer at Eyemouth states that those crews
who fished from large decked boats with some amount of perseverance,
made from £200 to £300 for the season, whilst the crews of adjacent
ports were not fortunate, not being so well prepared. In a few
instances, sums of from £ 500 to £700 were earned by the decked boats.
Open boats with inferior netting made only from f£6o to £120. In
a few boats homing pigeons are carried : they are let off as soon
as the catch is determined, to let the curer know what number of
barrels he may calculate upon. One drawback in connection with the
use of the larger boats is that, should they be becalmed the herrings
with which they are laden will not be received in time for the cure.
Steam tugs should, in such cases, be kept in readiness to bring
in the boats, till the time comes when steam vessels are regularly
employed in the fishery. This, we believe, is now being done.
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clinker-built boats that have been so long in use; they
are usually manned by four persons in addition to the
skipper, who may be ecither sole or part owner, and all
on board find plenty of work to do on each evening of
the fishery, for although the boat is provided with a large
shoulder-of-mutton sail, it often enough happens that the
oars have to be resorted to in order to reach the supposed
haunts of the fish, and always as a general practice when
the nets are being “shot ”—that is, paid overboard. Dur-
ing late years the labour of herring-fishing has been
greatly augmented by the increased quantity of netting
which is thought to be necessary as compared with the
net power employed twenty-five or thirty years ago. Some
very interesting details regarding the nets used by the
herring fleet were collected and published by the Com-
missioners who inquired into the condition of the Scottish
herring-fisheries six years ago. As giving some idea of
the labour which the nightly distribution of the netting
entails, we beg to lay before our readers the following
summary of figures, relating to the increase of net power,
and the revolution which has been caused by the substi-
tution of finely-woven cotton for hemp nets :—

Twenty years ago a boat carried 24 nets made of hemp,
each net forty yards long, with 28 or 29 meshes to the
yard, 10 to 12 score meshes deep, and weighing 25 Ibs.
Each boat carries now 50 to 60 nets made of cotton,
each net 60 yards long, with 35 meshes to the yard,
18 score meshes deep, and weighing 12 to 14 lbs. A boat,
in other words, used to carry 960 yards of netting ; it now
carries 3,300 yards. The netsused to be about six or seven
yards, they are now over ten yards deep. They used to
present a catching surface of 3000 square yards; they now
present a catching surface of 33,000 square yards.
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Such is the formidable instrument of fishing which the
crews of the herring boats have to handle on each night
they are at sea. The nets of the fleet of herring boats which
on some nights may be found fishing off the coast of Aber-
deenshire could reach six times across the North Sea, and in
instances the suite of netting which is cast overboard from
one boat will extend two miles in length. The herring-
boats usually commence to leave the harbours for their
fishing stations early in the afternoon ; if there should be
a favouring breeze they hoist their sail, and reap the
advantage of a speedy run to the spot selected, which
however is not always the place where they find the fish.
Often enough a boat proceeds to fish at a place that may
be from thirty to forty miles distant from the port of
rendezvous, and it is all a matter of luck whether or not
the men hit upon the shoal. '];he work of shooting the
nets usually begins at sunset: the mast is struck, and, two
men taking the oars, the boat is moved slowly across
the tide; the skipper of course keeps possession of the
helm, having first of all selected his theatre of opera-
tions ; the remaining two men of the crew have the duty
of throwing over the nets into the sea. As the writer is
well able to testify, having more than once personally
taken part in the work, it is a laborious process, and
requires some care, occupying a considerable time,
so that when it is concluded the men are ready
for a little refreshment and a few hours’ rest. They
partake of a frugal supper, and in some boats the skipper
will ask the men to join him in singing a hymn, and he
may perhaps offer up a simple prayer, asking the blessing
of God on his enterprise. Ordinarily the men who have

been working at the oars, as well as their fellow-labourers
VOL. IL.—1I1, P
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at the paying-over of the nets, speedily fall asleep, and
enjoy an hour or two of “blessed rest.”

But the skipper, who may himself be either the owner of
the boat or hold a share in it, seldom sleeps ; he is all too
anxious about the venture, and sits throughout the silent
watches of the night speculating on the number of “crans”
of herring that he may see brought into the boat when the
hour of hauling in the nets arrives. Before that time
however his curiosity as to the good or bad fortune of the
night may have culminated in a desire to see whether his
nets have been so fortunate as to hit the shoal, and so he
pulls in a few yards of the floating fabric, to see if there be
fish ; or mayhap he may be tempted to examine the nets
attached to a neighbouring boat, to find out what degree of
fortune has attended it. Sometimes it happens that after
the nets have been shot, and the boat has been drifting
with the tide for an hour or two, there are no signs of the
shoal having been hit upon, so that a new departure
becomes necessary, and the whole of the labour has to be
incurred a second time ; the nets have to be hauled on
board, the boat rowed to another pitch, where the huge
fabric of capture is again cast into the waters in search of
prey : again the men lay themselves down to their rest;
again theboat, with the watchful skipper at the helm, floats
about for an hour of two, when comes the final test of the
night’s fortunes. Let us assume that success has at length
been achieved, and that the fifty or sixty barrels of fish
which have been enmeshed adds to the labour of the en-
terprise. Two mileslength of netting, often enough heavily
laden with newly-caught herrings, have to be hauled on
board, the fish have to be shaken or picked from the
meshes, and the boat, wind or no wind, has to make its
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way home to port in order that the curer may obtain
possession of the cargo. Many a time and oft the poor.
men have, on their way back to their harbour, to row a
good part of the way; and when the sea is lumpy and
the boat laden with fish—a delightful burden in the eyes
of its owners—the toil is severe. Nor is the labour over
when the port is reached, for then begins a new duty—
the fish have to be landed, and it is the work of the crew
to carry them to the curing stances, which may be at a
considerable distance from the place in the harbour where
the boat has found a berth. After the fish have been
duly consigned to the charge of the coopers, the nets
have then to be hoisted ashore and sent off in a cart to the
drying ground ; and not till all these duties have been duly
accomplished may captain and crew seek repose,

And thus the toilsome work of the herring-fishers goes
on day after day; on some happy occasions they may
be so fortunate as to fall in with the shoal a few miles from
the shore, and fill their nets with such speed as to enable
them to return before breakfast-time, and so obtain a few
hours of welcome rest; or, on the contrary, they may not
find their finny prey till they are far, far at sea ; and not
infrequently, before their labour ¢an be brought to a close,
a fierce storm may break on the waters, causing the men to
hurry to a place of refuge, if they can find one, in order
to save their lives and property, a feat which cannot
always be accomplished. Many a fishing boat on such
occasions is swamped by the angry waters, and many a
gallant husband and good father perishes whilst at the
post of duty. The public are not unfamiliar with stories
of the dread disasters which occasionally overtake the
hardy fishermen of our coasts, although in Scotland it

is happily the case that the death rate from such causes
P2

.
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is considerably less than it is elsewhere, the hereditary
Scottish fishers being an anxious and careful body of men.

But although the men who caught the fish are in bed
asleep the industrial drama of the herring cure still goes
on; as the boats reach the harbour a new phase of work
begins. As has been stated, the greater portion of the
herring taken are cured, which involves their being gutted
and salted as well as being packed in barrels. These
processes are all organised by the curer and his confidential
assistant, the head cooper ; the women who are entrusted
with the disagreeable work of eviscerating the fish per-
form their part with great celerity, and will go on working
for several hours in the most active way. They are paid
according to the tale of work they do, which is a great
incitement to industry. A woman has been timed to gut
two dozen herrings in a minute, so that she can fill a
barrel in the course of about thirty-five minutes.. When
it is considered that over a million barrels of herrings are
cured in Scotland every year, and that each barrel contains
over seven hundred and fifty fish, it will be apparent that the
females ehgaged in the work of evisceration have plenty of
work cut out for them, seeing that the season on the north-
east coast of Scotland, where most of the herrings are cured,
only lasts for about eight weeks. We do not know any
other kind of labour for women that could be classed with
the curing of herrings, and we dare say it would be rather
difficult to find females in inland places who would consent
to work at the herring troughs. The rate of payment for
this kind of work used to be at the rate of fourpence for
each barrel of herring filled with the gutted fish; and
hundreds of persons fishermen’s widows and others, were
very glad of the work, so that they might earn a few pounds
during the course of the fishery. At such times as there is
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a large fishing—*“a glut of herrings ”—active gutters are at
a premium, whilst the wages paid for the work are increased ;
an expert party of six women will make up over one
hundred and thirty barrels in a long day.

It may be as well, before going farther, to state more
definitely than has been done the figures pertaining to the
herring fishery, so far as wages and allowances are con-
cerned. Premising that the terms agreed upon may not
be alike in any two places, it may here be chronicled, that
agreements at the rate of a pound per cran for the tale of
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