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The Biology of Angxuilla roatrata, with Reference to the Commercial Fishery
ABSTRACT .
~

The feasibility of n;&blhhiu ‘a commercial eel

(Angville rostrata Le Sueur) fishery on the west coast of Newfoundland
ia deterwmined and rocm*nom submitted. Fishing techniques are
evaluated and holding and tranaporting procedures for 1.1\'- eals are
described. The lutgut’eonemtunom of eels were found in brackiah
wvater areds, ‘l!‘uhly ’unlﬂem_t differences in fat content lf\d total
wercury were found between broad-nosed and aharp-nosed eels, Whether
the differences between these two typeg are s;ncttcnlly or environ-
mentally determined is discussed. Analysis of variance of fat content
batween five colour types of sela resulted 1:: . ‘ngninennt F value,
Bronze sala were found to have a aignificantly higher fat content
v than all other colour typea. A wathod of handling, freeazing and

atoring frozen eels designed to achieve and ntgtn;n a high quality

frosen product, is described. A awmoking tachnique is descrided th;t

ptoguces a swoked sel product acceptadle to wmost European tastas,
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RESUNE

On a dtudié les posaidilités de la plche commerciale 2
1'anguille (Anguilla rostrata Le Sueur)sur la cBte ouest de Terre

"~ Neuve; at on a soumia certaines recommandatioils. Lea techniques

de plche sont évaludes et les woyens de conservation et de trans-
port dss anguilles vivantes sont décrits. Les plua grandea
concentrations d'nlquulc se trouvent dans lea rd‘gtom d'eau saumittre,

On a trouvé des différences trds otmlneluxvn dans e
taux de graisse et le mercure totqai entre les mﬁhllu A muaeau
lll';. et celles A museau -!lnlh on se demande u‘jeu différences ‘
sont dues ‘A des causes génétiquea ou écologiques., On mesura la
ﬁthbtltt( du taux de graisae chezx des anguilles de 5 types da
couleurs; les rdsultats obtogui donndrent une valeur F aignificative,
L¢a anguilles bronzées ont ut; taux de graisse beaucoup plua élavé ’oiuo
'les autres.

On a décric une methode de tultmi\t. de congélation at de
stockage des anguilles coungelées en vue d'gbtmu et de conserver un
produit de haute qualité. Omn a décrit {galement un procéddé de fumage,

qui donne des anguilles fumées au golGt de la plupart des européens.
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-1 PURPOSE OF STUDY .

!
The project was conceived by the author and fallow graduate’

student, Dean McKenzie, The aim was tv determine the feasibility
. of establishing a commercial eel ﬂthcryron the west coaat d:i
Newfoundland. Stephenville was selected as a base of opcr;Eion .
because of'cYailablo processing facilities and ready ,ccg‘ivto road,
water and air transportation. An eel fishery had already been est-
! ablished with a 1972 catch exceeding 32 600 kg. The vast majo;;ty
|~ of this catch was not however procn;lcd in the area, but trutked
live to New Brunewick, Economically and 1ogilt1€ully Stephenville
was considered & prime area to establish a processing facility that
eQuld export live, frozen and fresh smoked eels to the ready maékct

‘ ‘in Europe.

The prime fishing areas had to be determined and the various ' 7

fishing kochniquoa and gear cvlluat;d. Proccdq;ea for holding 1&;30
quantities of live eals had to bc‘conaidcrcd and sorting and freezing
tufhniqucn developed to produéc the wmost economical :op quality frozen
eel. Testing various containers for shipments of live eels was under-
takfn ind experimentation with smocking recipes aagatcchniqucc carried

out to produce a smoked el pro&uct acccpiibln tdmﬁhc European market.

L]

Biological data pertinent to a commercial fishery were collected
and analysed to asseas the area's potential yearly production of
{mmature and mature eels as well as a coupataéiv.lanlolcncnt of their

market quality.
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II  HISTORICAL INTRODUCTION
/

Throughout recorded history, the eel has besn & culinary
delight to man and an enigma to many of the acientiats who apec-
ulated upon the mysterious method of eel reproduction.

Aristotle, some 350 ydars before chriat; contended that eels
were born from earthworms, Lumbricus terrestris, which, in turm,
were produced spontaneously from mud and soil. About 400 years
later, the Roman scholar Pliny the Elder expressed the belief that
young eels were produced from fragments rubbed off by the adults
against the rocks. In 1555, Rondelet maintained that young eels were
produced from putrified matter and also by eggs produced by the cop-
ulation of the male and female. Marcello Malpighi ( 1628 - 1694 ) /‘)
failed to identify the ovaries of eels correctly, believing them to
be deposits of fat. Many obsetvers, seeing "young eels" inside the
adults expressed belief in their viviparity. Some of the wore imagin-
ative explanations were reproduction from dew, and spontaneocus gener-
ation from horse hairs that had fallen in water while the horsea were
drinking. .

' Francisco Redi, in 1684, refuted the theory th;t rul: were born
from decaying matter and also showed the "young eels" to be intestinal
uot‘.. He firmly contended that eels reproduced by the spawning of eggs.
Christian Frary Paulleni agreed with Redi but neither had observed the
eggs or sperm within the eels.

It was not until 1777 that the ovary was correctly identified

by Carlo Mundini, professor of anatomy at the University of Bologna.
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Some 96 years elapsed bafore th.‘upotnnﬁic organs of the eels were

"described by Syraki, Director of the Museum of Natural Science at

Trieste and profeasor of the Untv,r:itf of Lemburg.

The confirmation that eels w.rq!ovlparoui led to speculation °
on where they breed, It had long bnf&rc been rcc9¢n1:cd that in the
fall of the year adult eela migrate downstream and in the spring great
numbers of tiny eels (6 - 7 cm) appear in coastal waters and begin
swimming upstream into the fresh vater. Smaller eels had nevef been
seen. In 1896, Grassi and Calandruccio reaported that after keeping

!
alive a specimen of the peculiar ribbon-like fish described by Kaup

in 1856 as Leptocephalus brevirostria, it changed into a young eel.
They concluded that this Leptocephalus was the larva of ‘the European
eel. Since young larvae had never been found inshore, they atatoﬂ
that the sel nust apawn at great depths, where the lcptoceéhali live
and develop. -

Professor Johannes Schmidt first caught npccimcns of Lepto-
cephalus in 1904 while fishing for cod-fry to the west of the Faeroces.
Schmidt speculated that the source of supply of these larvae, the
breeding place of A. anguilla, was further to the west. Because of
the importance of the cgumercial freshwvater eel fishery to Demmark,
and because fears of overfishing the eel stocks existed, the Inter-
national Commission for the Exploration of the Sea &ully a;pporccd(
and encouraged Schaidt's investigation.

After 20 years of axtensive observations, Schmidt's 1925

publication, "The Breeding Places of the Eel", appeared, the first
\




//,\_/ -4-

O thorough systematic acientific paper on eel breeding, Schmidt
separated the larvae of the European eel ( A. anguilla L. ) from
the American eel ( A. rostrata Le Sueur ) on the basis of the numbers
of vertebrae, and proposed separate btniung locations in the Sargasso
"sh. He.stated that, "In the case of Yhe American esl, the pelagic stage
is terminated in about one ysar; conseaquently the larvae have not time
to make the journey to Europe, the distance being more than they can
* ‘ cov“r in that period. It is otherwise with the European eel, which
takes nearly three times as long over the larval development, as a
r result of which practically all A. anguilla larvae are far away from
the western (American) portion of the Atlantic when the time comes for
them, as elvers, to seek the coasts. ’
"We can thus indicate both a geographical and an ethological
‘ cause for distribution of these two species of frcfh\ntcr eels, The
‘ former lies in the fact that A. rostrata has its centre of production
somevhat further west and south than A. anguilla. The latter is the
different duration of the pelagic migratory stage. These two facts, h\
conjunction with the ocean currents as an aid to transport, and later -
once the earliest stages of development are passed - the active m‘svements
of the larvae themselves, must be regarded as the causes which lead the
two Atlantic lpcci.ea of eels t(’ find each its own side of the ocean,
despite the close proximity of the breeding grounds."
Schmidt's conclusions ware not disputed until Tucker (1959a)
- ~publ.hhocl his article on "A New Solution to the Atlantic.Eel Problem".
Schmidt's assumption that the European eel ( A. anguilla ) returns to
' I the Sargasso Sea is rejected by Tucker ( p+496 ) and he proposes:
"That the European eel need not and do not succeed in returning to the

L4

' /
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ancestral apwnin; ground area, but perish in their owm continental ,
wvaters; 2) That the American and European eels are not distinct apecies,
but merely eco-phenotypes of A. anguilla, their apparent diltimilhipng
characters bc*ng environmentally determined (Li.n the wanner of nmroxia‘
pz_'occdmtu ) by demonstrable differences in the temperature conditions
encountered during the ascent from different parts %e the American q._l‘a
spawning area to the "urfacc.. and their distribution by demonstrable co-
incident differences in the subsequent transport of the surface-water
masses; 3) That the pqulatiom of the so-called 'European' eels,
A. anguilla, are therefore minta‘ined by reinforcements of larvae of
American A. rostrata 'parentage'."

Bruun (1963) pointed out that Tucker founded his “hypothesis on
only part of the existing nt.cnturc without any new observations of
any kind.

Tucker cites the difference in the number of vertebrae as the only
distinguishing morphological difference between the two spacies, Schmidt
made a such wmore thorough study of the taxonomy of the genus Anguilla
Shaw using numerous morphological characters to show consistent differences
between A. anguilla and A. rostrata. These data were brought together in
a wmonograph by Ege (1939) after Sch:idt'o death.

| In atating hia belief that A. anguilla is unable to migrate to the
spawvning lt“: Tucker overlooks the population of A. anguilla in the
Azores ( Schmidt 1909 ). The migratory distance that the eels from the
Agzores would have to cover is roughly 2000 miles, or approximately the

same distance that A. rostrata from Canada must cover,

<
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’

Tucker states (1959a, p. 496) that "Differences between morpho-
logical and physiological states of the European and American eels on
‘their descent to the sea are rmrknhlc‘ in a context quite apart frc_:m
taxonomy. The Europ;ln eel is already well advanced towards being a
reproductive oceanic fish, and this despite the long journey \wh:lch .
supposedly lies before it, The American eel, with a much smaller
distance/time to go, is yet relatively retarded. The two conditions
are the reverse of what any reasonable consideration of adaptive
characters and natural selection would predict,"

In support of this, Tucker, citing only Vladykov (1955), claims
that the American eel is, on the average, larger and four times heavier
* than the European eel, although he considered it more rqtarded. ”
To make the statement quoted above, Tucker must have used

Vladykov's data for adult females ( by far the larger of the sexes )
from the province of Quebec (where the largest eels in North America
are caught). Tucker's choice of comparative data (Vladykov (1955) ),
was from an atypical population and not valid for comparison, Bruun
(1963), 6n the other hand, uses more typical populations of A. rostrata
résulting 1:: a close gimilarity of sizes between the European and
American eel,

In the Kuropean essl, thare are marked changes that occur during
the transformation of older yellow eels to silver nin. besides the
noticeable cthmgi in colorfttoﬁ. These include a thickening of the skin,
accﬂ-uht.lon of fat, reduction in the production of mucus, enlargement

of the eys, alteration of body flexibility and locomotion bshaviour,
f

*

L




0 pointing and mrrwin;lof the pectoral fins, development of the gonads,
increased endocrine activity, cessation of food consumption, reduction
of the digestive tract, m«:ﬁu.d man:u of chloride cells in the gills
and changes in oamoregulatory capacity (D'Ancona, 1960).

This tramfom;ion has not been studied extensively for the

American eel, Similar changes probably occur in A. rostrata although

the parallel is not exact, The moat noticeable difference between the

two species is in colorat e migrating adults., The American eel

does not show the s degree of hthalmia and displays a bronza

rather than silver ( A. anguilla ) hua (Vladykov, 1955). He has suggested

that a more apt term for migrating aduly (A. tgtnta)uh would be "bdronze

L
eels", Nevertheless it should not be cbnsidered that only the bronze

coloration occurs in A. rostrata. I have observed numerous male and
s L

. ferale silver adult migrating eels ( A, rostrata ) caught on the west

&>

coast of Newfoundland and fu'nlo silver eels from the province of Quebec,

The bronze coloration is however, predominant (82% of the ?\unting eals

sampled from the south-west coast of Newfoundland).

Viadykov (1955) assumea that the bronze eel atage in North America
corrasponds to that of the European silver eel, A bronzy-black coloration
has occasionally been observed in the migrating European eel (A. anguilla)
but it ia rare compared t‘o the silver migfant (D'Ancons, 1959). As
stated above this situation is the ;cwfcc for the American eel (A. rostrata),
the bronze coloration being dominant. Bruun (1963) stated that after having -

\ sxamined ten live bronze eels from Canada, the egg dismeters ranged from
0.20 to 0.35 wm while those of the Eurdpean silver eels very rarely exceed

AN
' 0.20 sm. Bruun concluded: "that they ( the bronze eels from Canada ) are
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certainly more advanced r.hfn the European silver eel',

Comparing the fat content of silver and bronze eels from Newfound-
land, I found bronze eels to have a significantly }:i?ghor mean fat content
(15.9 va 12,1 %), ( see section on ,l-‘r‘at Content bclt;w). McCance (1944) '
found the fat content of silver European esels ( A. anguilla ) gd\bq
26 - 30%, considerably higher than bronze eels ( A. rostrata ) from -

Newfoundland, It is reasonable that the migrating European eals would
»

v

require more stored energy to complete the longer migration. These facts
add’ support to Bruun's (1963) belief that the bronze North American eel

{s more reproductively advanced than the silver European eel. This contra-
dicts one of Tucker's key points in his Fheoty. that the silver European
eal is the more reproductively advanced, and therefore less likely to
:ut’vlve the longer migration.

It is my opinion that the differences in egg diameter and fat content,

already cited, lead one to conclude that the silver Europsan eel is not as

adva;tccd reproductively as the bronze American eel and that this physiol-

ogical difference would increase its chatice of returning to the Sargasso

~

spawning area.

Criticisma of Tucker's hypothesis were published by D'Ancona (1939),

Jones (1959), Du\ldcr (1960) and by Bruun (1963), who submitted the most '
thorough and best subatantiated objection, Tucker replied to his first

three critics in subsequent publications (1959b, c, 1960). Although

Tucker's "New Solution" is not generally accepted, he did show that many

of Sclmidt's assumptions concerning the spawvning areas were based on

circumstantial evidence rather than proven facts ( Vladykav 1966 ).

\
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Nevertheless Schmidt's conclusions appear to be preferadble to the Tucker
view,

Vliadykov (1966) raises no objection to Schmidt's findinga on the
duration of the larval stages, on distribution, on migration of A. anguilla
leptocephali nor to his outlino ot‘/tho presumed spawning area of A. anguilla,
but he questions Schmidt's proposed spawning area of A. rostrata. The
presence of adult A. rostrata as far south as Trinidad and the Guianas
sake it difficult to isagine how leptocephali could reach this southern
area from the spawning area proposed by Schmidt. The likelihood that
leptocephali can cover 900 miles in a southerly direction and cross the
Sough Arerican equatorial current is remote, Vladykov (1964) therefore
suggests that the tr;xe apawning place for A. rostrata {s much further to
the South (5°N) than Schmidt had suggested.

The freah water part of the life cycle of the European eel,

A. anguilla, is well documented, mainly because of the importance of the
commercial eel fishery. Although the American eel, A. rostrata, is widely
distributed, its commercial importance is minor and the details of its
biology have been little studied. Useful information on the biology of
the American eel can be obtained in Bigelow and Schroeder (1953), Smith
and Saunders (1955), Bertin (1956), Wise (1959), D'Ancona (1960) and
Eales (1968).

Whether A. rostrata spawns vhere Schmidt (1925) suggests, or
further south as suggested by Vliadykov (1964), spawning is generally
believed to occur in midwater at a depth of about 400 m. Eales (1968)
suggests that females can produce up to 15 - 20 million eggs of about 1 mm

diamater, After fertilization the eggs develop into transparent ribbon-
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shaped leptocephali with small pointed heads and long teeth. These ’
leptocephali are very weak swifners and are carried pal!;valy by the
ocean currents towards the coast of North America. Af;ek abdut a
year of planktonic life, they reach 6.35 - 7.0 wm_( 2:’5 :;‘2:3 inches )
in length, at which time they arrive at the edge of the tontinental
shelf. The slow metamorphosis to the glass eel boslna.duting the
early vintef months. Glass eels tucmwa non-pigmented small eel.

Az the glass “)f. approach the littoral regions, pigmentation develops. .
At‘ this stage ttfny are called elvers,

The elvers either migrate upstream or populate estuarine areas
(tidal marshes, brackish-water ponds, harbours, areas behind barrier
beaches) or live in the vicinity of‘nlguu ( Zostera ) (Bigelow and
Schroeder 1953 ). This migration occurs at different times depending
on the"aren. I noted the beginning of the elver migration during the
first veek of June along the south-west coast of Newfoundland, in the
Stephenville area. Most of the elvers entered during the first three
weeks of June.

Generally eels tend to prefer shallow warm water lakes to cold
watesr _ITkn or streams. Standing crops of sels in Maritime lakes are
extremely variable. Smith and Saundera (1955) reported estimates of
standing crops of eight Maritime lakes varied from 0 to 70.8 pounds
per acre ( 79.3 kg/hectard ).

Miles (1968) showed in laboratory experiments that elvers /

displayed a stronger positive rheotaxis to fresiweter than to salt

water, and the attractiveness to various types of stream water wvas
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‘:) found to differ greatly. The attractiveness of the fresh water was
due to disaclved and particulate organic matter, that he found to be
bio-degradable, heat stable, and non-volatile. Mile's report that
the attractiveneas of a water simple inc;oaacd if adult eels had been
placed in the water for a time, and the presence of elvers made it

_less 20, is very interesting. Unfortunately he did not include

[
X

drackish or salt water samples in the above tests, but it is probable
that the attractiveness of brackish and salt water would show similar
results. This auggests that elvers may evaluate a variety of “clues"
and show a preference when confronted with a choice of water types.
The above findings are insufficient to show that elvers display

3
a homing tendency. Sufficient evidence has been given demonstrating

' the homing ability of transplanted European eels (Tesch 1967, Deelder
and Tesch, 1970). Taesch (1967) tagged and transplanted 1,538 eels frum'
: the Garman Bight in different areas of the southern North Sea during
June - August 1966, Five percent of the eels were recaptured, 647% of
these captures were made over the home area. Transplanted eels have

returned to their home area from as far as 200 kilometers ( Deelder ‘

and Tesch, 1970 ).

The homing ability of the American eel (A. rostrata) has been

demonstrated by Vladykov, 1971. These transplanted eels were forced to

! discriminate betweaen the river of release ( Kouchibouguacis ) and the

7
home stream ( Shediac River ) seemingly utilixiuiﬁ; keen olfactory

A

perception,

It should be noted that the Koﬁhhibouguacls River (transplanted
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0 area) and the Shediac River (home area) are separated by eight rivers
&N at least four brooks.

The explanation of how eels transported from their home range
to new areas relocate their home water is not very clear. Taeasch (1,967)
speculates that the homing tendency of the eels is probably based on
long-term non-genetic adaptation to the snvironment at the home area,
and concludes ' the successful re-migrations observed cannot be cxpla:nod
on the basis of the eel's olfactory capacity alone; other sensual abilities
such as salinity preferences, sensitivity to light, and -ggnetic compass -
orjientation may be involved." It is clear from the above statements
that Tesch considers the sensual knowledge of the howme area observed in
eels to be "learned" from their presence in the home area.

It would be necessary for this sensual knowledge of the home area
to be transferred genetically to the egg, to enable elvers to home,
In this case the larval distribution would be predestined rather than
random. The possibility of this seems remote and it is more likely a
case of the leptocephalus larvae arriving randomly in a coastal area and
then as elvers selecting, on some unknown basis, one of the available
freshwater or brackish water areas wl':ich will then become their home area
for the duration of the trophic stage.

Vladykov (1966) found that the size of elvers and the number of

females in the population increase from south to north. Of six eels
exanined from southern Greenland (Jenaoq, 1937) all were found to be
females. Cray and Andrews (1970) found 93.7% of the eels they examined

from Newfoundland vaters to be female.
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| o
Oi\ As the wide distribution /of A. rostrata ( 5‘°N to 62°N ) would
indicate, ee¢ls seem to readily adapt to a wide range of environment
which, as elvers, they find themselves.

During the growth stagea of the American eel, there exist several
colour phases. Bertin (1956) states that four kinda of pigments, caroten-
oids, flavones, melanins and guanins, are present in the eel. Eels can
display a yellow, green, brown, bronze or silver coloration, or, as is
wmost often the case, a combination of colours. These different manifest-
ations of colour are related to maturity and can be simply grouped,
especially for commercial purposes, into the following tvc; categories,
Yellow-stage: Body pigment is dull, does not glisten. Upper parts

(above lateral line) are grey, brownish or greenish.
Sides (below lateral line) are usually yellowish. The
‘ belly portion is dull white or grey and often mottled .
with yellow. These eels are sexually immature and their
whole activity Is devoted to feeding.
Silver-bronze stage: A glistening layer exists underneath the skin.

This causes the whole body to have a metallit glint or

glisten, especially the sides and belly. Upper parts are

Pt

usually greyish (silver eels) or browmish with a purple

—_——— -

sheen (bronze eels). Along the lateral line, dark pigrent
develops, resembling a black line. The pectoral and caudal
fins darken and the fdimtet c.>f the aye snlarges considerably,
The silver-bronze eels are sexually maturs and have generally
ceased feeding. In tha fall they will begin their catadromous

. ) migration to the Sargasso Sea. This wmetamorphosis from
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yellow” (immature) to silver-bronze (mature) entails
® many other changes which are described for A. anguilla

by D'Ancona (1960). ‘

Bertin (1956) desc;ibes two characteristic variations in the
shape of the head found in the immature yellow-stage of the European
ee]l. These two types, broad-nosed and sharp-nosed eels, also exist
in the’' immature yellow-stage of the American eel, A. rostrata. Recorded

here for the first time, the physical differences can be summarized for

A. rostrata as follows:

i

Broad-nosed Sharp-nosed

1) short, blunz muzzle 1) long, narrow muzzle

2) eyes and nostrils wide apart 2) eyes and nostrils close together
3) broneﬁnced lower 1lip 3) small lower lip

4) bump behind eyes . : 4) smooth contour of the head

Physiologically, the broad-nosed eel is distinguished from the
sharp-nosed eel by its slower growth and by the larger size it can
attain/in the course of a longer existence (Bertin 1956). The fat
con\entgpf the broad-nosed eels from Flat Bay was found to be significantly
lover than that of the sharp-nosed eels (see Fat Content). A

I have not seen one specimen of a silver or bronze eel ( A.t;strata)
with a broad nose, nor have any observations of this been poted in the

literature for either A. ggggiila (D'Ancona 1960) or A. rostrata. A

h—
further discussion qf this appears below, (Section V - Fat Content).

s T




(l
O %Since the details of the growth period of A. rgstrata, whether

it be in fresh or brackish water, are poorly documented, and since
these will probably vary with location, information on this stage will

be discussed in "Behavioural Charncteru;tics of the Loftl Eel Populations',
" p. 65 /
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Figure 1: Dif ferent head configurations of the |
Sharp-nosed and Broad-nosed members, :lmathxre
(yellow stage) of Anguilla rostrata.

SHARP-NOSED BROAD-NOSED
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IIT PRESENT EEL FISHERIES AND METHODS

-

Introduction ) .

|
The Europeans have maintained an active eel fishery fagr '

hundreds of years. It is natural then that most of the fishing
techniques used in Canada are identical to or modifications of the
European methods. The fishing tec‘hniques are usually conceived to
utilize a facet of the eels' behaviour. 'Eels are captured in
commercial quantities as elvers, yellow eels (immature) and as
migraiing silver or bronze eels. These three stages have distinct
behavioral characteristics ( see Section V - Biological’obaetyatiﬁns ).
Fishing for each type requires different fishing gear and techniques.

In Europe, the emphasis is on catching the migrating /'silver
eels and the elvers, In Eastern Canada by comparison, only the
Province of Quebec has a fishery geared for the capture of migrating
bronze or silver eels. The ee{l fisheries in the Maritime Provinces
are generally poorly organized and less intense, with the majority of
the catch being yellow immature eels. There'is, however, a well
otgmt:ized basically yellow eel fishery in New Brunswick operated by
Rivers and Nolan.

To date there has been no commercial harvest of elvers in
Canada (Eales 1968). The Europeans and Japanese have shown sporadic
interest in obtaining Canadian elverls. The capture of large quantities

of slvers for export is not looked upon favorably by the Provincial and

Federal Governments. 8
L .“, . ,A

!




Fishing Methods

' Descriptions, photographs and drawings of the various fishing

gear and techniques appear in Eales (1968).

‘

A summary of fishing methods appears below.

4

FISHING GEAR . \

ELVERS
a) purse seins

b) dip nets

YELLOW EELS
’ a) baited pots

- b) baited hooks

BEHAVIOUR

-~

migrating up stream

(late June and July)

c) buite‘d traps *
d) unbai{ted traps -~ actiyely feeding in

1) fyke nets . ] xt slow moving

i11) wing nets , rivers, barachois and
e) beam trawling estuaries ‘(June - Sept.)

f) electrofishing

. 8) spearing | \/\

SILVER OR BRONZE EELS

a) river weirs

b) hoop nets
/
c) estuary weirs

d) pomtable traps

/

1) St. Lawrence box trap

11) Swedish box trap

actively migrating down
\
streams or out of barachois

or estuarine areas '

(SCPC. - ”o) N
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The psbvincial govermments and the Federal Department of tg\e
Environment, Fisheries Service, coMtrol the regulations concerning
the coumer?ﬂ‘ eel fishery.

In Newfoundland, nets cannot be fished in designated salmon
rivers. River weirs, traps and hoop nets could not, therefore, be
used in the rivers from Fox Island to Port aux Basq%fs ( Fig. 7 ).

A quantitative assessment of the downstream migration of silver or
bronze eels was impossible.

Hoop nets were permiesib{e outside the mouths of these rivers.
The Fisheries Service set markers to designate the fisping boundaries
and controlled the number of nets in each area.

The success of bajted eel pots in the Maritimes ( Eales, 1968 )
" and specifically in the Grand Bank area of Nevfoundlg.nd ( Axelson,
personal communication ) warranted their us’é in this project to obtain
spring and early summer samples of yellow eels,

General deeriptions of these two fishing methods appear below.

For detailed specifications see Design and Materials ( Section IV-A,

-

p. 30 )

Baited Pots

Baited eel pots are used in the Maritime Provinces and
odcasionally in Quebec, Bait is used to attract the eel to the pot.
Entry is via a wide funnel which narrows rapidly to & small orifice
and leads the eel to an enclosure containing the ‘bait. The eels enter
readily to feed and have difficulty finding the exit. Oc\casiomlly,

two funnels are used in making the chances of escape more remote,
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Figure 2: Design of Baited Pots
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Most pots are homemade and extremely variable in design ( Eales, 1968 ).
Pots are constructed of wood, barrels, baskets, sacks and nets. The
choice of design and material is generally due to personal preference,

cost and availability of materials.

Hoop Nets \

Hoop nets are typically, grn;ually tapering cones with various
types of supports and a number of interior funnels made of netting.
The lengths and diameters vary conaiderably. They are made of either
one mesh ;ize or decreasing mésh size from mouth to cod end. Hooé
pets can be set in "wing" o}‘"fyke", "fyke-wing" and "hooded" styles.

wWing nets usuaily have win er 2,44 metérs ( 8 feet ) in

length which are attached to th¢ primary (first) hoop.  They are
usually "set to form a 90° angld at the mouth ( Figure 3.1 ), A
knowledge of the local eel habits is essential in successfully fishing
these nets. In estuaries and barachoises th; eels tend to run with
the tides, usually close to shore. Wing nets are set singly or often
in series to guide moving eels into the cones ( Figure 4 ),

Fyke nets havema single leader attached to the primary ring
of the hoop net instead of two wings. These are generally set at
right lﬂglea to the shore, but this may vary\with local Lel habits
and curéent conditions ( Figure 3-2 ), The leader and hoop nets are
held in place by stakes. The leader is weighted to lfe snuggly on
the bottom. The leader blocks the passage of eels up or dowm stream.
The eels will try to go atodnd the leader and eventually follow the

lTader to the mouth of the hoop net,

)

1
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9 Figure 3: Four designs of hoop nets .

| . 1) WVing Net




1{ Figure 4: Wing-nets set in series.
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A combination of two wings and a leader is often used to

improwe fishing efficiency ( Figure 3-3 ), More elaborate hoop
nets often have a "hood" of netting attached to the wings and leader
on the top and bottom ( Figu\te 3-4 ). This hood reduces the chance

of eels swimming over the top of the hoop net and is useful in deeper

water.
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EEL MARKETS

A wmarket survey of the major eel importing countries in
Europe was undertaken in April 1972 by the Department of Industry,
Trade and Commerce, Fisheries and Fish Products Division of Agri-
culture, Fisheries and Food Products Brdnch. The information
compiled can be obtained from them entitled "Eel Market Analysis
1972". This report was intended to assist the .eel industry by
evaluating the export market potential, market requirements and
preferences and to indicate how Canadian exporters could success-
fully !increase export sales to the major eel consuming countries,

To summarize briefly, the overall world decline in eel
landings, especially the high quality Baltic Sea Silver eels
coupled with an increasing consumer demand, increased the export
potential and price for Canadian eels, Germany, ‘orway, France,
Switzerland, The Netherlands, Britain, Sweden, Denmark and Italy
are all now potential importers of Canadian eels. In order of
national consumption, the eel connoisseurs of Eurcpe are the
Germars, Dutch, Danes and Swedes, Japan is the largest producer
of eels mainly due to its tremendous I&utput of farmed eels, which
accounts for over 85% of its total production. The Japanese,
however, are "buyers" and have showm interest in live elvers,
young eels and live brounze ee}a from Canada, but the shipping
logistics to Japan from mte;n Canada have caused considerable
problema, The fact that the Canadian and European catches peak
at roughly the same time reduces the demand for live Canadian

esls when the European fishery is at its height. Canadian




-2 -

-

processors can either freeze a proportion of their catch or hold

the catch live until the market demand improves again near the
middle of December, Holding large quantities of live eels during
tﬁe early winter months can, in Canada, however, be rather risky.
Over 502 of the European importers that this author contacted
requested frozen eels. Some of these European buyers were hesitant
to purchase Canadian frozen eels because of previous experience with
very poorly frozen eels from some Canadian suppliers ( see Freezing,
Introduction ). The European seasonal production peaks require
the utilization of frozen eels to assure year-round continuity of .

eel products. It is felt that the profit potential for the Canadian

exporter 1is approximately equal for both frozen and liye eels if

* they are of consistently high quality.

The potential also exists to export fresh smoked eels and

/
canned smoked eels to Europe. Experimentation would be rgquired to

achieve a smoked eel product acceptable to the various European
markets.

An eel market analysis, by country, from Anon (1972) appears

in Figure 6,




Figure 6: Summary of Eel Market Analysis 1972 (from Anon 1972)
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IV METHODS: A. FISHING OPERATION

PRE-OPERATIONAL PROCEDURES

A partnership under the name of Anguilla Enterprises
Registered'was legally established and registered in March, 1973
in the Province of Quebec. Marketing in!qrmation was obtained
from the Federal Department of Industry, Trade and Commerce.
Contacts .were made with, Canadian fish ‘brokers as well as direct
communication with European buygrs concerning the marketing of
the expected catch. The projsct was financed jointly by the
author and Dean McKenzie. °

In Stephenville, freezing and processing facilities were
leased frow Jan Strangeland (Canada) Limited. All eel fishermen
in the area were contacted aand arrangements made to purchase
their catches. ihe local Fisheries Inspection Officer, Mr, Jim
Cheeseman, was notified of the proposed operations and arrange-
ments finalized to have all stages of the processing inspected.
Hﬁ' Ken May, Department of the Enviromment, Fisheries Service,
St. Ggorge's, was informed of the cgmpany’s plans and activities
throughout the fishing season. Permission was obtained from

Mr. Ben Alexander, Manager of the Harmon Corporation, to use a

+

small pond adjacent to the fish plant, for the storage of live eels.

A Jeep wagoneer was chosen as a work vehicle because of the
relatively high load capagity and four wheel drive traction. A
10' x 4' trailer with hydrolastic suspension was used to transport
both fishing gear and live eels. A\4,57 meter (15 foot) Grum%n
sluminum boat equipped with a 10 H., P. Mercury outboard -oto; was

used to rob pots and fyke nets,
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Figure 7. Map of the south-west coast
of Newfoundiand.
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DESIGN AND MATERIALS

Baited Pots

Eel pots were constructed of ¥ inch (1.27 cm) mesh 16 gauge !
wire screening. The pots were cylindrical, measuring 36 inches |
(91.4 mm) in length and 12 - 14 inches (30.5 - 35.6 cm) in diameter
(Figure 2). {A 2 inch (5 cm) overlap was used to make the wire
cylinders and 1 inch (2,54 cm) wire U nails used to crimp the edges
together. This gauge Of wire screening was chosen because it would
hold the cylindrical shape without further sup;orts. The cod end
and funnels were made of X inch ( 1.27 cm) stretch nylon netting.
The cod ends were 18 inches (45.7 cm) long, cylindrical, and equipped
wit; a drawstring closure that looped over the top of ‘the pot and
hooked tightly to the wire mesh. The funnels were 15 - 18 inches
(38 - 45.7 cm) long, tapering to 2% inches { 6.4 cm) in diameter and
suspended by nylon cords. Cod ends and funnels were tied securely to
the cyliﬁder of wire screening. Herker f%oats were a;tached and rock
weights tied to the interior of the pots to facilitate handling and

storage.

The preliminary fishing trials revealed some flaws in design.

Eels were observed escaping, tail first, by spreading the drawstring {
closure at the c;d—end. A’half-hitch knot, tied with the drawstring 4
ai:ound the cod-end, and hooked tightly, preventéd these escapes. N ‘
The fumnel support strings were also modified. The tapered
ends of the funnels were originally supported by four nylon cords
attached to the end of the fumnel netting and tied tautly to the wire
e

o

screening., This resulted in a clear entrance and exit to the pot of
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between 2 and 2.5 inches ( 5 to 6.4 cn) in diameter ( Figure 2 ).

The number of supporting cords was reduced to two, which were tied

2 inches ( 5 cm ) back from the end, leaving a "loose sock" effect
(Figure 2). It was observed that the eels in the pots tended to

stay on or near the bottom. The funnels were re-designed to "pour"
into the upper portion of the pot, further reducing the possibility
of escape,l(Figure 2). The eel fishe;men stated that any bulge in
the lower'ﬁgrt of the funnel reduced fishing efficiency. It is
suggested that the eels' poor eyesight ( Bertin 1956 ) causes them to
bump the bulge frightening them away. On this advice, cafe was taken to
ensure a sﬁoth surface on the lower portion of the funnel netting.

A comparison of the fishing efficiency of the "original" and
"modified" pot designs was undertaken. Twelve pairs of pots were set
at twelve locations in Two Guts Pond and fished for seven consecutive
nights. The twelve pairs consisted of eight pairs with one pot of

B & .
each design, and two "control" pairs of each design. The paired pots

were set parallel, one met;rlapart, facing the same direction. Each
pot was baited with 1 kilogram of frozen chopped herring.

The "modified" pots outfished the "original" pots by 30 perceng
during the trial fishing period. Differences in catch with;n %Pe
control pairs of "original' and "modified" pots were 5.4 and 6.6 percent

and 11,2 and 7.9 percent, respectively.

A total of 80 pots were constructed at a unit cost (materialf
\

and labor) of $§4.25.

»
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0 Hoop Nets

Two sizes of hoop nets were pur:hﬁ‘sld from J. P. Forgie
Limited, Moncton, New Brunswick. The smaller net, #30/18, had'

a primary ring 30 inches ( 76.2 mm ) in diameter followed by &
tapered rings with two net funnels suspended inside. The hoo.p
net wag 18 feet ( 5.49 m ) 1&ng, with 2 6-f?ot (1.83 m ) wings
and a 50-foot (15.24 m) leadgr extending out from the primary
semicircular ring. The netting used for the hoop net was 1 inch
(2.54 cm) stretch nylon and the leader and wings 1% inch ( 3.8 cm)
nylon netting.

The larger net #40/22 had a 40-inch (1.02 m) diameter

primary semicircular ring followed by 4 tapered rings with two
inside funnels, The net was 22 feet ( 6.7 m ) in length and was
‘ equipped with an 8-foot (2,44 n) hood and 50-foot ( 15.24 m )
leader. The hpoop net was made of 1 inch (2.54 cm ) stretched
nylon and the leader 1% inch ( 3.8 cm ) nylon netting. Both nets
were dyed black and treated. ~
The funnels in these nets were modified to ensure a smooth
lower portion ( described above in baited pot.a ). Five-foot sections
(1.5 m) were added to the cod-end of the nets to increase their

catch capacity. .

Holding Traps
Two sizes of floating holding tigps were constructed, The
larger traps, with a volume of 48 cubic feet ( 1.34 m’) measured
4 feet ( 1.2 m) in }ength, 4 feet (1.2 m) in width and 3 feet ( 0.91 m)
‘ deep. The smaller traps had a voly-z of 24 cubic feet ( 0.67 m3 )
“knd were 4 feet x 2 feet x 3 feet ( 120 x 61 x 91 cm ). Six traps

. of both sizes were built. These traps had a frame of 3" x 3"

¢

- o— o+ -
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( 7.6 x 7.6 cm ) lumber with tops and bottoms of % inch (1.27 cm)
plywo;d. The t&p had a hinged 2 feet x ? feet ( 61 x 61 cm ) trap
door with a lock latch. The sides were 1/2 inch ( 1.27 cm )
galvanized 16 gauge screening. These holding traps were placed

in locatigns where ;ater exchange would be greatest., The traps
could safely hold a maxienm of 700 and 350 pounds ( 317 and 159 kg )

\ .
respectively,

‘5‘-\

s

'
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SIRING FISHING " .

Bajited eel pots were the only fishing method used in the
spring due to a late delivery of the hoop nets. Twenty baited l
pots were initially set during the last week of May, 1973 in the
back of the following locations: Two Guts Pond, FLx Island River,
Stephenville Crossing and off St. George's. The pots were hauled
daily and baited with 1 kilogram of frozen herring., Fishing depths
ranged from 1 to 6 meters. Empty pots were moved daily attempting
to determine the areas of highest eel concentrations.

The cod-end closure cord ( see Design and Material p.30 )
was always hooked to a specific row of the wire mesh frame, so any
incident of tampering or theft could be recognized. The theft of
eels from one-third of the pots set in Stephenville Crossing and
St. George's was observed on the 10th of June. Fishing was

w . .

terminated in the above areas on June 16th after continued theft
of eels and pots. Fishing was terminated in Fox Island River on
the 27th of June due to insufficient catches, Fishing effort was
cqncentrated in Two Guts Pond until the 14th of July. Five baited
pots were set from June 18th - 28th in the following fresh water
areas : Noels Pond, Gravels Pond, Gull Pond and three unnamed small
ponds east of Noels Pond ( Figure 10 ).

On June 16th, fifty eels of various sizes were weighed and
meéasured and placed in a holding trap in Two Guts Pond. The

objective was to obtain estimates of weight loss over several

)
wonths' starvation. These eels were stolen from the holding trap
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on the 1l4th of July along with nine pots. The/ remaining eels being
held in Two Guts Pond were transported to the pond adjacent to the
fish plant ( Figure 10 ) and fishing terminated. These eels were

subsequently used in the various processing trial runs.

FALL FISHING ACTIVITY

To avoid any conflict of in}:erest with the nine local eel
fishermen we participated in the f[all fishery as buyers and not as
fishermen, Hoop nets and holding traps were loaned to the fishermen.
As previously described, this fall fishery was basically catching
yellow eels moving into the mud holes to over-winter.

The author and Dean McKenzie attempted to persuade the fisher-
meri to set their nets to catch bronze or silver' eels migrating down+
stream. None of the eel fishermen had seen a silver or bronze eel
nor did they really believe they existed. This was understandable
due to their lack of knowledge of the life history of the eel and
because nets were set to catch yellow eels going upstream. Only the
occasional bronze or silver eel would be caught by these nets and
would go unnoticed by the fishermen. About fifty bronze and silver

eels were caught by chance at Crabbes River. These were held live

to show the fishermen the distinguishing differences between bronze
or silver and yellow eels, | I

The importance of fat content was explained and the significance
of the fat content data clearly demonstrated by the author to the

fishermen.




——

-3 - ‘ -

The fishermen were of fered double nthe price for silver and
bronze eels as further incentive, but only one set his net to fish
downstream migrating eels. The second night 'of fishing resulted in
approximately 18 kilograms ofthigh quality bronze and silver gils.
The next night was the beginning of the large yellow upstreayx
migration and the net was re-set, )

The fall fishing began during the middle of August when the
fishermen set a few nets to indicate the beginning of the fall run.

The thkree main fishing areas were Grand Codroy River, Crabbes River

and Muddy Hole in Flat Bay ( Figures 13, 11, 9 ).

@

FISHING RESULTS

Spring Fishing Results

Few eels were caught until the end of the first week of June.
The 20 baited pots set in Two (;uts Pond were the first to catch aay
qulnl;ity of eels. Two Guts Pond was the shallowest area fished with
a maximum depth of 2.5 meters and an average deﬁth of 1.25 meters,
Tidal fluctuations were approximately 45 cm, The bottom was mostly
muddy with near shore concentt;tions of eel grass and other vegetation.
Two very small streams fed into the pond ( Figure 8 ).

C?incit;ent with the gradual rise in mte;: temperature eel
activity and catches fhcreased. The catch data for Two Guts Pond
can be summarized as follows: ‘

The greatest weekly catch averaged 2.3 kg/pot/day. The
largest single day catch averaged 3;7 kgllpot. The greatest daily

!
catch by a single pot was 10,12 kilograms. The total catch during
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Figure 10: Map of fish plant location and ponds sampled
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the fi.hing period was 849.96 kilograms, *

Fox Island River produced bnly 3.9 kilograms of eels
during the fishing period. The catch data from Stephenville
Crossing and St. George's are not comparable because of the
continued Jncidence of theft and subsequent shott fishing period.
The total catches in Gull Pond and Noels Pond were 3.4 and 2.6
kilograms, respectively. No eels were caught in Gravels Pond, or

the three ponds east of Noels Pond. ( Figure 10 ).

Fall Fishing Results

The catch data for the fall fishery appear in Table A-13.
The first area to produce sizeable catches was Crabbes River
(Figure 11). During the last week in August and the first two

weeks of September approximately 906 kilograms of eels were caught

per week, The catch dropped sharply to 86 kilograms during the
third week of September. Fearing thé run was over in Crabbes River,

the two fishermen moved their nets to Muddy fole.

v

The two figshermen fishing Grand Codroy River firsr set their
nets during the last week of August , catching 169 kilograms in
three nights. These men were game wvardens and becuge of their work
had to stop fishing for two weeks. Five nights of fishing during the
third week of September resulted in 164 kilograms. The catch peaked .
the following week to over 1 630 kilograms and then dropped the first
week of October to approximately 272 kilograms., Small catches were

made during the second and third weeks of October at the end of which

fishing was terminated. ' |

¢
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Figure 11: Map of Robinson's River and Crabbes River
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Initiallf’, three fishermen had nets in Muddy Hole. The catch

~

for the second week of September only 272 id.logtama. This figure

m ks v Mdee

increased to 1 223 kilograms the following week and peaked the fourth

week of September to 2 400 kilograms. During this week there wexI ‘
five fishermen in the small area fishing 31 hoop nets. Fifty nets
were fished the first and second weeks of October but the weekly

3

catch fell to approximately 815 kilograms, Fishing was terminated

at the end of October when only 317 kilograms were caught.

‘The fishermen expressed concern over the seemingly higher )
percet{tage of small eelzf ( under 200 gm ) in the l1'973 catch. The
abundance of small eels and a reduction in large eels is an indication
of overfishing and pareﬁiels the Dutch situation ( Deelder, 1965 ).

/

The yearly catch statistics for the years 197] - 72 - 73 were

16 300.0, 22 650.0 and 10 420.0 kilograms, respectively. Fishing effort
and intensity increased steadily over these three years.
’ The data suggests that the area could only support an intense

yellov eel fishery for three to four years before being 'commercislly"
e

—

fished oUt. Once this occurs the area must be allowed to replenish
itself through natural elver recruitment.
A yellow eel fishery was operated by the Boﬂnavilta Cold
Storage Company Limited in the Grand Bank area from f962 - 65. The
yearly catches were 16 300.0, 35 790,0 and 2 983.0 kilograms, respectively.

!

No eel fishing was nttienpted in 1966 because of insufficient eels |

available in the shallow warm-water barachois to which the fishery was

confined. The above data indicate that the Bay 8t. GCeorge eel fishery

will folldw a ¢imilar pattern.

L
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Gray (1971) found the average age of silver eels sampled
from Conception Bay to be 12,3 years. His data also suggests that
yellow eels between 150 - 200 grams would have an approximate age
of 6 years. Any eel smaller than 200 grams would not be of commer-~

.cial size and would be thrown back. It would therefore require

!

|
approximately 6 - 7 years for a fished out area to theoretfcally

‘

recover its original eel standing crop.
) The data presented seems to indic.:te strongly that the Flat
Bay, St. George's Bay area has already been doomed to this recovery
period and the prospects for the eel fi;hery in the near future

would be considered poor. d

HOLDING LIVE EELS
/ \

Introduction

Generally, eels lwia;ning in the wild are of top quality and
great ;u:e must 'be taken by the fishermen and processor to keep them
in perfect condition. ’

' The fish should be kept in holding tanks for aiinimuy of
7 to 8 days before attempting to freeze or 'M,P live eels. Eels
must have an empty gastrointestinal tract befolre being frozen. This
Yswimming' allows the eels to void their stomachs m\ad intestines _
and reduce the quantity of digestive juices in their lyltﬂhc Eelak ,

that are not swum or slowly frozen will have badly stained abdominal

cavities due to the -to-ach\diguting itself. This greatly reduces

the market quality of the eals. A further aWp of the swimming
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process is that:. eels become tame very quickly and thi; facilitates
handling and for live shipments greatly increases the survival rate.

Weak, diseased, or injured eels will usually die during this
"swimming period' serving as a preliminary culling before shipment
or processing. It is therefore necessary to swim all eels including
the silver or bronze migratidg eels, which ?re presumed to have

stopped feeding.
i

Although processors should adhere to this swimming period,

" it is also advantageous for the fishermen to hold their catch for a

few days. Freshly caught eels that are trucked immediately to the
fish plant also tend to. have a greater mor?ality rate ( 4% vs 1-27.)
than eels that have been swum for a short period, This can cause
a shortage of holding{ tank space for the fishermen especially during

peak landings, but adequate foresight and planning will kep mortality

to a minimum,

X
Description of Method Used

"
v

L3,
Four large holding tanks designed to hold catches of herring

were available from Jan Strangeland Limited in September and October.
(1 8
The building housing these tanks was 46 meters from the leased cold

storage and freezing facilities. ’These tanks were semicircular steel
structures, 18 meters long, 3.5 meters in dismeter and sloped to feed&
into a common cement trough which fed the processing lines with herring.
Each tank had a 3-£x;ch (7.6 cm ) diameter fresh water line entering at

the back, Large plywood doors were constructed to block the sluice

L
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ttodghs of each t;nk leading into the concrete trough. These doors
were constructed so that the minimum depth at the shallow end was
1.5 meters. Wire screening, 30 cm high at the top of the doors,
allowed the overflow to escape into the trough. A 1% inch (3.8 cem )
diameter hose with‘a X inch (1.27 cm) wire mesh bucket inside of the
tank allowed water and debris on the bottom to leave the tanks. This
J;ltem allowed fresh water entry at the rear of the tanks and removal
at both the top and bottom at the front of the tanks. Depending on
water pressure fluctuations, total water &eplacement times varied
between one and two hours. Each tank could hold approximately 3 200
kilograms of live eels.

Eels were transported by the fishermen to the fish planﬁ in
converted lobster holding boxes, These boxes measured 3' x 1' x 2'
( 91.4 x 30.5‘x 61 cm) with 3" (1.27 em) wire screening at both
ends. These were stacked {n back of their truck, and wetted down.
The holding boxes were then éoveted with a heavy canvas to reduce
drying by wind or sun. 1If the distance wa# over 50 kilemeters, the
fishermen would stop at a stream and rewet the eels. Upon arrival,
the eels were weighed and placed in the cement trough. The cement
trough was equipped with a fresh water intake so the eels could be
kept there for many hours without .danger or stress. The eels were
allowed to "rest” a few hours in the trough before being dip netted
into the appropriate holding tank. '

When the eels had been "swum" for at least seven days, tge

-fresh water intake was turned off and the water level allowed to

I
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Y

’

drop to about 18 inches ( 45.72. cm ). At this water level the doorﬂ
could be pulled away from the wall of the tank and the eels':arllowed
to flow into the cement trough. They were then dip netted into 1.8
cubic n;eter aluminum bins and transported by fork 1ift truck to the
processing line. ’

This holding tank set-up worked quite well, requiring only

one man to drain a tank and dip net eels into the aluminum bins as

they were needed by the processing line for freezing.

Results

(Y

Thirteen percent of the eels died while being '"swun" in thepe
taiks. This extremely high figur\e requires an explanation., THe fish
plant was supplied with water from the Harmon Filtration Plant.
Normally the chlorine content in the water at the fish plant was /
negligible due to its distance from the water treatment plant. A
shortage of chlorine reaulte.d in a cons{derable reduction in chlorine
treatment for a period of two weeks., When the late shipment of chlorine
arrived, an excessively large dose was administered to "clesf out the
system'. This caused the deéath of 1270 kilograms of eels. The dead and
sick eels displayed a loss of slime, greying of the skin and severe
contraction of body muscles, especially in the abdominal regiom,

Dr. P, Montreuil, of the Montreal Aquarium, confirmed that these
symptoms are indicative of chlorine poisoning.

An arrangement had been made with the manager of the water

works for notification to be given prior to any increase in chlorine

e S e Ml el Bt e N v ik R

o Ml e . 4.



- 49 -

treatment. An alternate salt water system was avajilable to supply

water to the tanks but no warning was given, nor was it admitted

that this action had been taken until one month after the fincident,
Swimming mortality was 1-27, other than this accidept. The

only other noticeable single cause of death vas a minor incidence

of "red disease' that occurred during early September. This

bacterial diseﬁée mainly affects large eels and occurs when water

temperatures at;ISOC or higher. This disease causes the fins and body

to become raw and red and, internally, the instestines, liver and

l

kidneys are affected ( Usui, 1974 ).

TRANSPORTING LIVE EELS

i
Live eels can be succesafully/tranapotted long distances
by air, land and by ses, )
Eels can simply be put in wooden boxes lined with wet sacking
or seaveed for short journeys of one to three hours in cool climate.

Ice should be added to keep metabolic activity low, if the
travel time {s longer ( up to 6 hours ).

In Japan, live eels are sent from the-culture ponds at
Hamanako to Tokyo and Osaka by truck., The eels are placed in double
polyethlene bags with ice and filled with oxygen, then packed in
cardboard boxes ( Usui, 1974 ). Packed in this way eels can easily
survive for 30 hours.

Tanker trucks are used to carry live eels within Europe and
Canada. These trucks were originally designed by th Dutch eel flgr

of Joh Kuijten of Spasrndam.’ The most modern trucks weigh 15 000

| ' !
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kilograms empty and carry 15 000 kilograms of live eels i@imning
in 15 000 kilograms of water. A compressor (with back-up system)
supplies air bubbles continuously into eachvtank, the water serves,
more or less, only to keep the eels wet, For long trips the water
is replaced every 3 to 4 days. Using this method, trtps.of 14 days
are possible. Holding densities &n the tanks vary with the temper-
ature, for example: 485 kg/m3 at 130C, and 243 kgy;3 at 20ocC,

Special barges with perforated sides and bottoms are used
(especially in Holland and England) to store and transport live eels
(Eales, 1968; Usui, 1974 }. This method is very susceptible to
various "pollution kills" and its use has been reduced.

In the early 1960's, live eel shipments to Europg were
ayﬁenpted by boat from Canada but high mortaliéiea occurred, Initial
;%fortl to ship live eels by air in 196P also met with poor results
ilth mortality rates in some cases 100%, Inadequate'containers and
the poor h4ndling methods enplpyed were the causes of the high
-ortalid§?,

Through the efforts of the Department of Industry, Trade and
Commerce, eels exporters and a carto;1 manufacturer, a cardboard v
container, economically priced, was developed to transport litve eels
by air. Air Canada, realizing the potential freigﬂt business,
analysed their ground handling and aircraft storage methods to provide
the safe handling and carriage of the eel traffic, Through this comb-

ination of} action, mortslity rates in air shipments have been reduced

to approximately 1%.
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The cartons are oblong, fully telescopic and measure
28" x 125" x 8" ( 71 x 32 x 20 cm ). The bottom fiberboard section is
wax impregnated. For further protection, a 3 mil polyethylene liner is
placed inside the bottom section of the carton, These cartons hold
approximately 14 kilograms of live eels and 0.5 - 1 kilograms of fresh
water crushed ice.

With regular flights to most major Furopean cities, air trans-

portation is now the best means of shipping live eels overseas,

IV.B PROCESSING PROCEDURES
FPREEZING EELS

Introduction

)

The concensus of opinion of scientific investigators is that
freezirng rates used commercially appear to have little effect on
qﬁlity, providing they are not unreasonably slow (Dyer, 19(91).
Investigations by taste testing have found it impossible to distin-
guish any differences in qua.lity in fish frozen to -50C in the centre
in efight hours or less (Dyer and D‘ingle, 1961; Fennema and Powrle,
1964; Connell, 1964; Lane, 1964 ; Love, 1966), Greater freezing
times than this result in a lowering of quality in texture and appear- -
ance due to the formatiom of larger ice crystals (Dyer, 1971).

The freezing process /m fish is gradual because as water is
removed as ice, the concentrations of dissolved organic and inorganic
salts increases gradually, lowering the freezing point. The "critical
freezing ;mc" occurs vhet,z most of the water is frozen and {s usually
between -10 gnd -S°C. The length of time to pass through this critical

zons varies grut7y ( See Figure 14 from Dyer, 1971 ).

-
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’

‘{ Figure 14: Typical freezing curves for fish products (from Dyer, 1971)
/
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Liberation of relatively large amounts of heat vhen vater .
chinges its form to ice crystals causes the sl¢;w fre;izing throygh the
critical zone. Once this is passed, the temperature drops quite
speedily in all cases because the sensible heat liberated in cooling
the fce once it is formed is comparatively much less.

Rapid freezing c&u;es small crystals to form both inside and
l:etveen the cells. By coninrison, in slow freezing the ice crystall-
izes first outside the cells and the crystals grow by accretfon from
the water which diffuses out from the cells. This process causes the
cell to be pushed in by the crystals, leaving a mass of dried protein
and salt solution in the cell (Dyer, 1971). The degre‘e of damage to
the water-holding capacity of the protein determines the degree of
re-hydration oh thawing. Slow freezing should thus be avoided
because of the increased dehydration and subsequent thaw drip.

Reay et al (1950) using panel assessment found that little loss of
palatability occurred unless freezing time was longer than 4 - 10
hours. For subsequent smoke curing, this investigation found that

the time through the critical zone has to be less than éto 3l hours for
bes€ quality. The smoking quality of eels {s thus very sensitive to
slow freezing rates and since the majority of the world's eel catches
are smoked, this i{s highly significant e? the eel ptoceuorq.

Eels are frozen by many different sethods with varying degrees
of quality control in Eastern Canada. The majority of the buyers of
“Canadian frozen eels request that eels be frozen vhole and live. 'i'he~

benefits of this are: 1) minimm :u.rfm sres exposed to freezer "burn"




o _or dehydration, 2) a thin layer of protective slime is secreted as

the ecel is frozemn, 3) the gutting procedure is easier using thawed v

vs fresh eels, and 4) the buyers are more usur:d of & quality (fresh)

éroduct.
Processing techhiques differ as do freezing rates. Dyer (1971)

describes three general categories of freezing rates:

\—"’
1) slow or sharp - room ( ofr coils )
f’ 2) quick or rapid - plate ( or blast )
3) ultra-rapid - 1liquid nitrogen, etc.

Live eels are generally first culled (damaged or injured eels
discarded), grafied (yellow or silver-bronze), weighed, and de-slimed
before being frozen. Common freezing methods are: pan, block, plate
and stick freezing. The essential difference in these wmethods (aside

‘ from the appearance of the frozen product) is the rate at which the

eels are frozen. Freezing is achieved in 20-30 hours when eels are
block frozen and in 6-8 hours when pan frozen., Due to these slow
freezing rates neither method is suggested, although they are in
common use in small fish' plants {in l'.utérn Canada.

The stick freezing technique was developed by the Japanese,
Eels are killed by electrocution or heavy brine, elongated, blast

frozen and glazed. Freezing and thawing times are rapid. Disadvantage-
N \

ous aspects are: 1) damage through tail breakage, i) easier breaking
of the glaze, leaving spots of skin unprotected during storage) and 3)
more difficult and bulky packaging requirements. The quality is
excellent if the above cdn be avoided.

. | | ‘E‘:
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Contact plate freezing rates “f very short, approximately
2 hours. Live eels are packed in alumfthum pans and placed in a
contact plate freezer. For complete details of this method see
below ( Description of Freezing Method ).

<«

Proper atoi'age of frozen eels is also idportant. If cold
storage temperatures are allowed to fluctuate between ~120C ;ad
-300C, ice crystals can enlarge to the detriment of the frozen fish. ‘\)
This occurs because the small ice crystals formed during quick freezi/n’g
are more unstable due to a lﬁgber surface energy; temperature change‘s
thus cause re-crystallization, increasing crystal ai& (Kiet zmann,1969).
Under these c%ons an increase in evaporation can also occur. If
temperature fluctuations are great, the very rapid heat transfer in
the frozen product allows it to warm very quickly to the critical
freezing zone (Fennema,1966). If this occurs, deteriorative reactions
reach their maximum rate (Dyer,b1967).

The fact that eels are a "fatty" fish further dictates proper
storage procedures. The rate of fat oxidation is t;e-perature dependent.
Although fat oxidation cannot be eliminated at temperatures normally
occurring in commerci{al cold storage facilfties (Kietzmann,h1971), a

constant temperature in the -30 to -40°C range will retard this

detrimental process considerably.

Description of Freezing Method N 1
/
A system of electrically stunning live eels was developed so
they could be easily handled for sorting, weighing and packing. After

such experimentation with voltage and amperages levels, fresh water vef:u:

9
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measuring 108 cm l.ang, 25 cm wide and 5 cm deep. These pans vere /uncd

- 56 -
saline and duratiop of shock versus Hurction of effect, thé following
procedure was developed. A 4' x 3”x 1' ( 122 x 91 x 30 cm) pla-t}c
container was filled with f;esh water., Two 20 cm long, 9 mm diameter,
stainless steel electrodes were ‘placed in, diagonal corners. Approx-
imately 12 kilograms of live egln were dip netted frowm holding bins
and placed in the plastic bin, ’nmining in the dip net. An entering

electrical currenc measuring 440 volts at 2.5 amps was held "on' for

.. 20-30 seconds. The eels remained stunned for 10-20 minutes, depending J

G

on their size, the smaller eels recovering more rapidly.

The stunned 5212 were then de-slimad using high pressure water

4

guns. They were then weighed individually and placed in one of the

!

following weight categories: ' $ . ! 4
1) 230 grams and under
2y 230 grams - 500 grams

3) 500 grams and over , .

.

Two Toledo over and under type balances, }u;dcl 3021, were used. The

'

eels were then placed, by weight group, in Aluuinﬁm,tro)ozing pans
\ . Y
with ovaruppln; ahuu of 1,5 mil polychm. A winimum net weight of
13 kilograms was pucod in each pan., A tlt}moo. Type 326, scale was
used to veight the full pans. Cold water was then added to each full
pan to provide & glaze and subsequent uniform rocuﬁmur frozen b‘lock.
The polyt‘l'am sheets were then folded over the esls and the pans placed

in an Amero contact plate freezer with a 1400 kilogram capacity, N
. .

Treszing time was approximataly 2 hours st -40°C. The frozen blocks were
¢

’

ol
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removed from the freezing pans and two frozen blocks placed in
each master carton of corrughged iardbonrd. The size range and
date’ vere stamped on the cartoms which were then stapled cloicd.
These master cartons were stored on wooden palettes in the cold
ltorngk. The cold storage was a ''thermos' design so air currents

inside vere negligible aﬁd the storage temperature kept at -3 .
1Y -

.

80mtty
1.’ The rapid cbntsct'froczinz,tcchniquc reduced the probability
of fi.azing damage/nnd resulted in a conntstcntiy high quality
frozen product.
2, The maintenance of a conlccgt ( t 3Q'C) cold stqrage temperature
reduced the detrimental cffo;to of temperaturs fluctuations.
3. The procedure of ‘'topping up" tra;zing pans with cold vater just
prior to tro;;ing resulted in the following benefits:
I. covered eels vttﬁ & protective glaze '
II..rclultcd in & solid rectangular frozen block with square
. corners and uniform size, allbwing tight packing ( £ .1ta
spaces ) in’§h0 master cartons
111, reduced cxgplod surface area by having flat surfaces
IV. actéed as a lupnrot:ucturo, réducing the effects of potential
| Y rough handling because water inherently freezes harder than

the flesh,

421 Banefits of packaging msterisl: polythene sheeting & “corrugated

cardboard master certons:® - ‘

V4 '
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prevented blocks from freezing together

protected frozen eels from light exposure, thereby
preventing photochemical oxidation

reduced possible evaporation and dehydration

left rio surface of the frozen block directly exposed

to air and possible gas vapour precipitation ( example:
1] ' I’

-

asmonia )
protcctid the surface from damage
provided a surface for proper labelling ofztﬁ;/;;£ormntion\

required for quality control.

|
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SMOKING EELS

Introduction

The/vult majority of the world's catch of eels is eaten
smoked. B&oking techniques and national ( as well as regional )
preferences, such as type of smoke, texture and fatness differ
grfltiy. For example, Joh Kuijten, the founder of the famous ;el
firm Joh Kui jten of Spaarndam, Holland, referring to smoked eel
eating habits, describes the Dutch as 'suckers” and the Germans as
“biters’”. When a Dutchman eats a smoked eel he like to feel the o1l
trickling out the corners of his mouth and down his chin, while the
German like to bite into something big and solid. A drfef ry
by country of the preferences from Anon (1972) appears in Figure 6.
Tha.cllvct European eel is considarca best for swoking because of
its high fat content. ‘ .

There 1s a slight demand for smoked eels in Canada, ususlly
vhere higher densities of European {mmigrants (Cerman, Italian,
Latvian and French) are located. The largest such area 1is Toronto,
vhere it 1is estimated at least 68 000 kilograms of CAnnqgnn-caught
and Canadian-smoked eels are consumed annually, Small amounts are
smoked in Montreal and approximately 4 500 kilograms are smoked and
connu-odwin Halifax and Vancouver. The author knows of no Canadian
smoked esls that are exported to Europe.

The difference in price betwesn frozen dasls and smoked esls
illcnor-ouo. For .;:2§Q:: good quality smoked silver sels were
retailing for $18 - $22 per kingra-,in Hemburg in the fall of 1973,
The Germans were buying frozen Cansdisn eels for approximately $1,30
to $2.20/kg at this time, The economic possibilities of smoking eels

- :

F s
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)

in Canada for export to Europe as fresh smoked or canned smoked

eels is very promising. Export possibilities for these products
also exist in the United States, especially to cities like New
York where there are large European populations.

It is felt that a Canadian processor could under-sell
European competition because of the foilouing:
1) lower raw fish cost .
(Canadian eel fishédrmen receive between $0.44 - $1.10/kg,

y
while German and Danish fishermen receive $1.85 - $2.90/kg

(3973 figures). )
2) 1lower labor costs
3) reduction in the number of '"middle men', thereby
increasing profit margin '
4) 1f Canada's rate of inflation remains lower than that of
“ most of the Zuropean countries this will further widen
the price advantage of Canadian export products.
»
Benefits fo)Canldiun Eel Fishermen and Processors )
1. More consistent year -round utilization of labour force.
This i; very significant in the Maritime Provinces, especially
in Newfoundland, vhere thoto,;xtnt. extremely high vinter
unemployment of small, independent fishermen. These men
[ could be givem jobs as éuttor-. packers and general lnbourcén,

2. Better yonr-rounﬁ utilization of processing facilities.

3. Advantage of selling products when the market demsnd snd price are
greatest in Rurope (Dscember through to sarly summer).

r

v
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4, Reduced shipping costs (roughly 407 due to weight lost {in

j \ gutting and smoking). ,

5. 1Increase in market possibilities ( Canads, U, 8., Europe and Japan ).
{

Processing Profedure: for Smoking Eels
The following smoking procedure was developed by this author and
Dean McKenzie, ‘ruentyf’-cix trial runs were /'conductch using in excess
of 1360 kilograms of eels,
1. De-sliming
K. Live eels . .’ )
a) stun sels electrically

b) de-slime with high pressure water guns ( cold water )

c) wipe cledn with cosrse towels
- -

B. Frozen esls

; a) " thaw frozen blocks with ¢bld water spray
b) de~-slime with lhuh pressure water guns ( cold water )
i ¢) wipe clean with coarse towels snd 17 smmonis solution
(frozen eels are more difficult to de-slime; the asmoriia

solution facilitates slime removal).

>
’

2. Gutting

8) “pin" eel huda to the cutting board ( the use of goarse

. ¢loth or sawdust will improve the cutter'’s grip )‘. ‘€

/ b) slit open bellies from the throat to one t\nchn beyond the
sous (kidneys extend béyond the anus) with s kaife,




/
c) scrape out guts with the back of the knife and be
{

- 62 - - i

careful not to break the gall-bladder or cut the

abdominal wall. The cut at the neck i{s made as small

* as possible to reduce the chances of the body falling

sway from the head during uoklng.'

d) carefully wash eels in cold water to remove all traces

of blood and slime.

3. rrining

a) mix brine solution (270-300 gms of salt Aot litre of water)

b) immerse eels in brine for 10-15 minutes, depending on size.

¢

4. Racking

v
a) thread brined eels on 0.5 cu diameter rods by pushing

the ;;c;tntcd end of the rod through the throat from side

3 to side,

b) dip eels for approximately 15-30 seconds in very hot water
(90° - 100°C) to flare out belly flaps. This allows smoke d
to penstrate the body cavity more w;nly. (8mall lengths
of stick can be used to keep belly flaps apart, but this
was found to be time-consuming and the sticks had s tendency
to fall out during smoking). ,

¢) hang full rods of eels to drip dry, (spproximstely 30 minutes).

! . ~
/ K D s

A
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5. Smoking Procedure P

a) hang the full rods of eels in the kiln and follow

the temperature, ti.iu, smoke density schedule below:

Y
TEMPERATURE SMOKE DENSITY , IDME
359C (959F) slight 60 min.
| 50°C (120°F) wedium ' 30 min, \
/ 739C (1700F) " heavy 20 min.
739C (170°F) slight 40 min.

b) remove eels from kiln and allow to cool slightly before
packing (reduces possibility of mold formation).
¢) brush the sels lightly with edible oil and.wrsp in

plastic film or vacuum pack in polythene bags.

‘Results and Conclusions 3

I

This gradusl increase in temperature permits / ru)onnﬁly
uniforms drying throughout the thickness of ths fish., 1f the temper-
sture 1s alloved to rise too quickly, the eels may become "case
hardened" ( skin becomes dry and hard but flesh ga\uiu vet),
pcrlicuhrly vhen the fat content 1is low as with yellow eels. It

1s often difficult to sccomplish proper drying om hot humid days if
a traditionsl type kiln Ls used. Poor drying leads to & very un-
desirable “mushy” flesh. Smoking 1is tl;uo more cm:o{ubu during
the winter months when the relative humidity 1is low,

Very u;huuuud smoking kilns are svailable that sllow

- 4 '
total control of the internsl kiln environment. Temperature, relative

1

/
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humidity and smoke density can all be time-programmed with some

of these kilns., They are understandably very expensive,
Broad-nosed eels were found to be unsatisfactory for smoking due

to their low fat content. The sharp-nosed eels smoked by this pro-

cedure had a good smoky flavour with a slight .tute of salt and the

flesh vas firm, yet delicate, with a buttery texture.

scmlplea vere taste-tested by fifteen Europeans (German, Danish,
and Svecﬂ-h) , living in Stephenville. All stated that the texture,
flavour and appearance vere conpcnb'lc to smoked eels they had eaten
in their home countries. Their overall opinion was that the above
process produced very good quality smoked eels, wvhich would be
scceptable in buropc.

Anyone considering smoking eels for export should carefully
analyze the different regional preferences and determine which can
most readily be fupuuud. It 1s thought that the major difficulty
vill not be the problem of ut‘chins smoking techniques, etc., but
rather the marketing aspects of thja venture.

The cid of the Department of Industry, Trade and Commerce
should be solicited to assess ragional market potentials in the
various Buropesn centrés. The Department will make muuf contact
with potentisl buyers and srrange for meetings. It ‘f strongly
er that direct personsl j:ﬁu'ct be made vith potential
buyers in Europe and the precise charscteristics of the smoked esl
)‘rotluct:\J that they c;ould retail be explicitly defined. A price

advantsge could exist if s putchase agreement couﬁ‘ be consummated
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with a large retailer rather than a wholesaler or processor of
smoked eels.

The main centres of eel buying and selling in Europe are,
in order of importance: SPur;:dm, Holland; Hamburg, Germany; and

Copenhagen, Denmark.

V. BIOLOGICAL OBSERVATIONS

BEHAVIOURAL CHARACI‘EISTIFS OF LOCAL EEL POPULATION

Information recei(.vcd from the eel fishermen »of the ares
and my own observations indicate that the grestest concentrations
of eels occur in the estuarine sreas in the summer ‘-onthc ( see
Spring Pishing ).

Night observations using spot lights and the spring fishing
data {ndicate that eel sctivity in 1973 began during the first week
of June., Active eels were first observed and caught in Two Guts
Pond ( Figure 8 ). At this time, the renge in surface water temper- -
atures in the pond was 10 to 12°C. Dpolan (1973) reported simtler
utor temperatures and eel activity (n the muuk River, along the
north shore of Quebec., Similarly, nl- ( A. japonics Temminck &
Schlegel ) in Japanese culture ponds vill not feed at water temper-
atures below 120C (Usui,1974). This I:ohuvolﬂ hi‘h temperature
roqutnuu for the initiation of tuuu; is probably a reflection
of the subvtroptul origin of the genus.

Seven night absmctun were made in Two Guts Pond during
Juoe 1973 by rowing s boat, fitted with two bow-mounted spot lights,

slong & 200 meter transect. mly' observations were made between

R T S
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‘ 1700 end 0500 hours. The 1lights provided a clear view, spproximately

1.5 m in width, of the bottom area., Observations could not be made

during heavy rain or vhen the water was choppy. The data appear in

/

The greatest number of sightings occurred bctve;n 1900 and

. Table A-1S,

2300 hours, the mean value for this time period being 10.5 sels per
hour. The majority of the eels spotted during this period were
observed swisming, vhile fever numbers were sighted lying stationary

“ on the bottom vegetation. The mean number of eel sightings for the
period 0100 to 0500 is 5.0 eels per hour. Eels npott;d at these
times vere generally stationary, lying in amongst the bottom

vegetetion, Swimming eels vere more veadily visible than stationary

eels, especially in the case of the latter.

‘ © These night observations suggest that feeding activity may
be greatest between dusk and midnight. It was decided to verify
these preliminsry oblcrvst;.om by fishing the baited eel pots at

-/-”cifiq time {ntervals. The twenty pots could be hauled, eels

counted and pots rebsited in one hour., This was done three times
daily at 1600 ~ 1700 hours, 2300 - 260\) hours, snd 0500 - 0600 hours. !
The fishing time {s thus the time-period diractly preceding each F
bauling time. This procedure was followed for seven consecutive f
days. A summary of the data appesrs in Table A-16.

" The greatest number of esls were caught vhen the pots were
heuled st 2300 - 2400 hours - & total of 1804 esls and mesn nightly

value of 257,7 esls. Masn u;&o.ot 95.1 and 24.6 eels were csught
.
. /\ at 0500 - 0600 bours aad 1600 - 1700 hours, respeetively.

o
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These date {indicate that during the ﬁ-hing\ period the feeding
activity was greatest from dusk to nidnight\und least during

the daylight time, These observations are in agreement with

Medcof (1966) and Eales (1968). !

; 0n June 12, while 1 wvas looking for el‘ven in Flst Bay,

i

"1 observed many eels swimming downstream. Approximately 300

meters upstream from the mouth of the river an unusual sighting
vas made: & ball ( less than a meter in diameter ) of tl‘;ttly
interwoven eels was seen tumbling downstreas in the main body of
the current. A rock thrown st the centre of this ball quickly
dispersed the mass of eels and ¢t continued singly downstreas.
I can give no explanstion for thkﬂwb Mr., Ken May of the
Fisheries Service in 8t. George's stated he had observed eels
migrating downstresm in rivers along the vest coast and saw "balls"
on two occasions, both in early June. A literature sesrch revesled
that fishermen in MNova Scotis had made similar observations (Medecof
1969y, This downstream spring migration is not s typical behavioural
charscteristic of A, rostrata.

it 1s ouuuuci that the eels migrate to ths estusaries
becauss these sress provide a greater svailibility of food than do
the rivers and lakes. The small drainags areas, ( less than 394
square kilometers ) of the rivers from er Is River ta Grand
Codroy River, suggest that such a -f&ratton tof the estusries
would be s relatively simple procedure, probadbly requiring only

2 - 4 days. L




/
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Eels feed actively throughout the summer months on s variety
of organisms: wvorms, crayfish, crustaceans, larval fish and small
fish.

This is the trophic stage, during vhich eels undergo growth
and sex differentiation. The growth of eels is strongly tnfluucéd
by environmental conditions, especially by tempersture and the
availability of food snd spsce (D'Ancons, 1960). Remsrkible individ-
ual differences in growth have been observed among eels in the same
enviromsent (Frost,1950). D'Ancona (1957) observed that the degree
of voracity varied considerably, the extreme being cannibalism.

The feeding activity of eels, as previously stated, i{s known
to vary with wveather conditions., The largest weekly catch in Two
Guts Pond ( 2.3 kg/pot/dsy ) occurred during a week characterized
by five rainy days, continued cloudy conditions ( day and night )
and daily temperatures of 14 - 180C, The ldrgest single day catch
3.7 k;ipot/day ) occurred after an afternoon and evening of very
heavy rain ( no thunder or lightning ). The smallest catches ( 0.0
to 1.1 kg/pot/day ) followed hot sunny dsys and clear nights.

In agresment with: Esales (1968) and Fletcher and Anderson (1972),
these observations suggest that feeding sctivity is greatest during
cloudy, wet conditions. \ |

The fall fishing dats revemled another behsvioursl characteristic
of the area’s eel population. The immature ulid? display mass -uru-\
ioms to specific muddy areas for the purpose of overwintering. The
best kaown of theee sress is Muddy Hole, sdjscent to Flat Bay Brook
(Tigure 9 ). Muddy Wole is approxisately 17.4 hectares in ares,
snd 1s shallov, with s bottom of desp mud, ¢

A s . o
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The size of the pre-fishin® migration was calculated by

comparing the total catches, fishing pressures, estimates of the

percentage of small eels released by the fishermen and estimates

of the loss of Jl’gr'iting mature eels for the years 1970-73. The
estimated veight of this pre-fishing migration is 90 600 kilograms. l
This is an enormous concentration of eels in such a sall area, estim-
ated at 5 207 kg/hectare. The fishermen state that random spearing
in the mud through the ice anywhere in Muddy Hole throughout the
winter will result in a catch of a barrel of eels in 30 minutes.

This suggests that the eels remain Buried ‘tn the mud throughout

the winter. ' . . '

Similar but smaller fall runs of immature eels are known
to occur in the muddy areas of Grand Codroy River, Crabbes River
and Robinson's River ( Ken May, personal comn[c;t.iax Y.

The fall run of yellow eels to msuddy, overwintering sreas -
appears to be temperature inducod. The first two nights of frost
occurred at the beginning of the fourth week of September, as did
the mass yellov eel migration. The fishermen state that the peak
catches of the puﬁoua three years coincided with the first frosts,

The Flat Bay fall fishing data revesaled that the majority
of the ;;oak run wvas composed of eels over 2so/¢n-. After the
pesk Tun of & week's duration, the majority of the esls caught
were under 250 grams.

The size of the migrating populstion and knowledge of the .
factors affecting the -untiu /at silver-bronze eels from this ares

: )
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are deficient at present, The departure of the n;turinﬁ esls -

‘ is balieved to occur from mid-August until November. Dc?.cih of
the migrations of A. anguilla@urc nvniubl; from Deelder (1934),
Bostus (1967), Frost (1950) and Lowe (1952),

Pactors affecting the upstream migrations of elvers lrc'
‘ equally obscure. Elvers have been séen by river wardens in all
the rivers of the west coast from Fox Island to Grand Codroy River
but ,'tho largest corfccntrntionn observed are reported from ¥lst Bay

Brook ( Figure 9 ), Information on ths slver migrations of A.

anguille can be found in Lowe (1951) and Deelder (1952, 1958).
&
« LENGTH-WEIGHT RELATION OF THE CATCH ‘
w
Samples of eals ( over 300 mm ) wére caught by the two
) ) ££hh1ng~ methdds. Eels under 300 mm could escape becaise of the
¢ mesh sizes used, (0.5" vs 1" ) ( 1,27 va 2,5 cm ) in the bsited
poc\n and fyks nets. Random samples from these catchas vere

measured for total length kctp of lowver jaw to the posterior end

of the aiddle caudal ray ) and wet ‘weight ( Table A-‘l ).
‘gu length-weight relationship was calculated from the
. cxpo:uatul equation W = Al", vhere a= con‘uant, lw» lmmf: and

n = slope,

Length-weight regressions wers calculated 't:o- spring and'
tall catches of esls and are respectively, logi = -7.81 4-'3.733 '/‘ .
log 1 and log W » 6,123 + 3,131 log 1. Colblutﬁn 'ol e‘. data
resulted in an oversll regression of logh'= 7,30 + 31.55 log 1.,

4

Tov sels under 400 mm or over 750 mm appear is the samples (Tsble A-7),
[

/ ’ .
. ' /! ! 'l"
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The above regressions are therefore representati ve of esls in
the 400-750 mm range only.. The, growth (length/weight) of sels
in Flat Bay between 400-750 mn.is allometric since the slope is
greater than three.

By comparison, the slope of the length-weight r:;uuion
for esels from Lake Ontario between 483 and 792 mm was 3.7‘; (Hut;lcy.1972).
The difference in the slope of the regressions for Flat Bay eels '(3.55)
and Lake Ontario (3.77) indicates the eels from Flat Bay weigh less
per given length than do the Lake Ontario eely,

Gray and Andrevs (1971) reported the length-weight regression
for es}ls between 159 and 84;0 mm in Burnt Berry Brook, Mevwfoundland,
to be logh -’-3.1791 + 33,2706 log 1. In cho‘ulmon,livor they
reportad that the eels wers between 291 and 571 mm, and the length-
viuht regression was logi = -2,8955 + 33,0812 lc’m 1. These regressions
shov that eels from Flat Bay are heavier per given length than eels y
from the two Rivers, TFletcher snd Anderson (1972), comparing tl;c
length-veight regression for Flst Bay eels with regressions for
eels in the Terra Novs, GCambo, Cander and Ixploits Rivers of New-
foundland, similarly reported the Flat Bay esls were heavier per

}, ,

The greater productivity of 7lat Bay water compared vwith rivers
in Newfoundland 1is no doubt one of the faetors responsible for tb;
greater veight-for-length increment observed in Flat Bay sels,
| Comparing the catch data of the two fishing methods, it was
observed that over 63% of the eels esught in baited pots wers in the
400 ~ 499 sm length vangs. ( Table A - 2) ,

e ;B U
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The fyke nets caught a greater number of large eels vwith 80% of the
catch measuring between 500 - 699 mm ( Table A-3;). These figures
are significant to the sel fishery boc:uu ssls under 500 nm are

usually too small for sals.

‘ ’
JAT CONTENT
Introduction
The fat content of eels 1is extremely important to the eel T

, 3

fishery beoause it represents one of the few definitive and measur-
/
able evaluationd of quality. Vieweger (1928) supposed .that the

‘sel accunulated its fat for the most part in its muscular tissue.

McCance (1944) verified chi; with undfnu of 117 and 26-307% fat

(in the muscle) of European yellow and silver eels A, MLI_). \ é
respectively. The skin was found to contain 5-67% fat for both 1
immature and mature eels. . Mo detailed reference to fat content i
in Anguills rostrata was found in the literature nor could

quantitative values be obtained from other eel processors,
Information on ﬂ?c fat content of immature and mature sels

was needed to evaluate their relative market quality, The colour

phuul found in half-grown and ddult specimens of eels are th:mt

n{ubh indicators of their stage of maturity, Morphometric / {

characters ( length c/u.vudu ) of eels ﬁu poor indicators becsauss ‘

great variability exists in grovth tates between populations,
betwesn sexes, and even smong individuals in the same environsent

(luzley, 1972, Tieteher and Anderson, 1972), ° . | - ’ |
‘ NP
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Analysis 1 -

-

Eels often display a combination of colour phases, as the
tumi/tian from one to another 1is occurrin;"( See ngt.otf.cul
Introduction, p. 13 ).

The ms jority of the eels I:mlmd from Ylat Bay could be placed
in one of the following catlcgoriuz yellow, yellow-green, bronze-
yellow, silver and bronze,

A desgription of the yellov, silver and bronze eels appears
in the Historical Introduction,(p.,13), The yellow-green and bronze-
yellov phases display a mikture of colours, neither b'llng dominant.
Broad-nosed ul_: vere not Y{ncluded in the cmf’)‘ul because they
vere obacrv;d only in the ,}auow ph;u, and their charscteristic
lov fat content (ses belov) would have biased the dats.

' -

1
Analysis II/ .

Several Luropsan b;nn had requested information on the
percentage of I‘u'ou'uoud sels um:l;a catch and remarked on their
"poor! quality. Assuming this referred t/o lov fat content, I "
undertook a comparison bctwgcn broad snd sharp-nosed esls, Tor s
description of these two types u; Historical Introduction ( p., 14 ),

/ / p v
Nethods and Material _

u"-plu of sharp-nosed eels were collected that displayed
asch of the above colour pheses. Different sized bread-nosed sad
Sharp-nosed eels vers eollected, . Individual deseriptions were
gzosorded and oels numbered, 7The specimens were gutted and skioned |

L

I
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carefully, leaving any subcutaneous fat deposits on the flesh.

Segments of flesh for unilylu vere taken frowm the dorso-anterior

part of the sbdominal region. Two determinations were made for -
v

sach fish and the results averaged. The procedure for fat analysis

was as follows:

1. veigh 9 gms of ground flesh on a triple beam bslance
2, place sample into s Paley type Babcock cheess bottle (Kimble
Glase No, 508, 207 size) i
3. add 25-30 ml of fresh reagent ( 1 part glacial acetic acid and
1 part 70-727% perchloric acid ) |
b, stiopper bottle and place in boiling water bath for 20-30
minutes until digestion is complete. swtrl' bottle every
3-4 minutes vhile in the vater bath f .
5. " remove bottle from the water bath and add enough reagent to
“  have the fat level near the top of the n'ulc‘ ( on bottle neck )
6. Centrifugs for 5 minutes and record the % fat'on the scale
-

Results and Discussion - Comparison of the fat content of broad
and sharp-nosed sels

The .sampls of Proad-nosed eels consisted of yellov phase eels
wvbile the sample of ahcrp:mu osls included sll the colour phases.
The sasples of bread-nosed sels and eharp-nosed sels contained
ami:u‘u that reaged in size from t.oo-;m = snd 300756 mm,

respectively,

“The mess persent fat eontents for the broad and sharp-nosed

/ . ' : -
.
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Ristagrem of fat comnteat im Broad-mpeed and Sharp-amceed esls from St. Georges

Higere 36t

Bay, lufmind.
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eels were 3,88 and 12.3 respectively ( Table B-1 ). A student "T"
test verified the highly significant difference in fst content
between the two types. The obvious question arising from these
results 1s whethér these physical and physiological differences are due
to environmentgl influences ( habitat and diet ) or sre these two
types conspecific morphs and the differences .c;;:ically controlled,
It is well known that the composition of fishes 1s affected
by their environment. Tiis is particulsrly true for fat content and
fat composition and has been discussed by Ackman (1967).Dugal (1962)
and Karrick et sl (1956)J3porccd relatively large differences in
fat content of samples of one species collected from two different
lociiionl. Thurston (19§2) found the fat content tb be extremely
variable in two sub-species of the lake trout ( Salyelinus namaycush
Waldbaum)., These two varieties, a lean one and a fat one, are

accepted by biologists as representing two distinct sub~-species:

Cristivomer ( or Salvelinus ) namaycush namaycush and Cristivomer

pamaycush siscovet, respectively ( Thurston, 1962 ),
“ From Bertin's (1956) discussion of brosd-nosed and sharp-nosed

individuals of A, apguills , it seems that both types are found in
similar habitsts throughout the range of that species. Thurow (1958)
concluded; “That esls (A.gaguills) vith sither pointed or broad heads
are varieties of a uniform stock, showing a great plasticity of

the calulcéartoetc. The ossurrence of one or the other fors dapnnda.
om eavironmeatsal fsetors.” Ms states that in the case of sbundsnt
foed, eols mataiy foed on worms sod 1ittle ersyfish aad develop

~a
poisted heads.,-
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In the case of limited food, eels aré compelled to’tccd on
crustaceans and fish but they can only consume that food once they
have attained a certsin size then the crenial psrts begin to trans~
form their shape resulting in broad hesd specimens.

Thurow's conclusions do not negate the possibility of
several such changes in head form occurring during the trophic
stage {f the yearly sbundance of food varied significantly. This
implies an extreme plasticity in a group of eels 1in a short period
of time and 1is unlikely even 1if one believes in Lemarckian evolution,

Thurow (1958) found broad-nosed forms to have s lower fat
content and mature at s later date ( and attain s greater size )than
sels with pointed heads. Thurovw (1938) and Bertin (1956) both conclude
that the differences displayed by thaese two types sre environmentally
controlled. But the evidence is not conclusive and genetic differences
may exist. |

1t the broad-nosed uricty is a morph then presumsbly it seens ;
1) only e cmuntehmmuu of the eels would be broad-nosed and
2) that this morph exists becsuse the morphism has some selective
advantage(s). The longer presigrant u/utmo, grester size and
poessible different dist of ths brosd-nosed / form may have s stabiliz-
ing effect on the ecosystem, thus heviag cvalutu;ury advantages.

‘Nuxley (1955) eoncluded that morphism frequsntly serves as sa

sdeptation to the extremes of envirommental variation. 7The differ-

] <
ense in diet reported by Thurow (1958) ss the esuse of the differences
botweon the twe forme msy be the adaptive valus of the morphism,
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incressing the range of hsbitats that can be profitebly occupied.,
‘ It would be interesting to carry out fesding experiments
designed, through diet vnrintio;a, to see whether it is possible

to cause a/jurp-noud ssls to change to the broad-nosed form or

vice vcr/u. 1f this change cannot be induced, then genetic

\ differences would seem to be influencing this characteristic more

4
v

than environmentsl factors.
One of the changes involved in the metamorphosis from the .
yellov to silver stage in the Europesn eel (A. anguills) 1is the
narroving and increased pointednsss of the eel's snout (D'Ancona,
1960). 1 have observed the sbove change in silver and bronze
American esls (A. rostrata). Mo brond-noui‘ migrants have baen
reported for either A. anguills or A. rostrata, It is probable
that broad-nosed eels undergo & narroving and increased pointedness
of the snout in the metamorphosis from the ismature (yellow) to the
mature (bronze or silver) ‘l‘tl“. ’
R Althpuh little reference to brosd and sharp-nosed members
of A. roptrats appesrs in the literature, they seem to exist through-
out the specises’ rangs., For exsmple, Viadykov (1973), discussing
macrophthalsis, pictures an immsture (A, [optrsts) femsle from Shark
River, Trinidad, that 1s clesrly a brosd-nosed type (Viadykov,
Tigure 2 right), Both types wers caught in estusrine sreas in New-
vbul‘hn‘, approximately 907% of the sateh deing sharp-nosed esls.
It 1s not known whether this figure tepresents the u\uun susbers
of the twe types or whether it is an indieation that the fishing aress
were sot the primsry hebitat of the bresd-nosed sels. The fishermes

suggest that the broad-nesed esls spend sensidessble time feeding in

/ ‘ s ’ Y
i .
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o . sslt water areas, but this could not be verified. Boyot;w these N

goneral statements, no definite statement of habitat and diet

differences can be offered. A tagging prograsme, ss described

by Vladykov (1970 P.R., no. 5) or an ultrasonic tracking prograsme

88 described b)" Stasko and Rommel (1974) may shed some light on

the b‘cluviour and possible habitat preferences of the tvo types.
Whatever the cause for these differences, the significant N

difference in fat contmt/ is extremely important commercially,

becsuse although the brosd-nosed eels sampled visuslly sppeared to

be robust and of good quality, their low fat content meds them

N totally unsuitable for smoking purpoda and therefore of little

wﬁcrcul value.

|
| . Comparison of the fat content of five colour types

' The compiled data for the five colour phases appears in

| Appendix C., Analysis of variance ‘resuleed in @ significant ¥ vslue,
Duncan’s multiple rangs test waa curu/d out to co-pni the

no;n fat content of ssch colour type with thst of every otHer colour

' type (Table C-13)., The results of this test sre summarized as follows:

x

Yellow Yellow Sronse Silver Broncze
Oreen Yellow

£% 82 2J Al.2 12,1 15.9

Any two mesas underseered by the same 1ine sre not sigeificantly
éiffezent, Any two mssns seb\undesseored by the same 1ise sre sipnific-
® satly sifferent,
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Histogram of the mean fsat comtents of five colour groups of
sharp-nosed eels (Anguills rostrats), from the Flat’Bay ares

Yigure 17:
of Newfoundland.
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The sean fat content of the bronze eels wu the only mean
value significantly different from all other means, Relating fat
content to commercial quality, the bronze eels are thus considered
the highest quality,

Vladykov (1955) found that 1/3 of the eels he examined from
five areas in Mew Brunswick had some degree of bronzeness. However,
eels displaying all the bronze characteristics ( see Historical
Introduction, p.l3) constituted an average of only 2,67 (0.7 to 6,2%)
of the eels examined. Viadykov's (1955) findings snd the present fat
content dats suggest that the metamorphosis from yellow to bronze 1is
;nduih, requiring probably 2 to 3 years. Commercislly, only those
eels displaying all the bronze characteéeristics -hou}d be termed
“bronze" sihce the fat content of bronze-yellow eels was not i
significantly different than that of yellow eels. ' N

It can be concluded that as sharp-nosed eels grow and develop,
they sccumulate incressing quantities of fat ( Figure 16 ), As they
grov and develop, they also display different colour phases which
are thus natural indicators of their relative fat content. As would
be expected (Bligh,1971), the absolute values will, however, difter
to some exteat with environmentsl differences from one sres to b
another ., _ ‘

It can be assumed t.u‘t since a cessation of feeding coincides
with the onset of the sdult eels’ catadromeus reproductive migration,
mmuyutduuuuuyuuuﬂnuasym#m
sols during their axtemsive migration. Due to Bhe greater disteace

?
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" Introduction p-8 )l <
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involved in the European eel's returs to its spawiing sres 11; ;
the Sargasso Sea, it would be expected that it would requide more
energy reserves (stored fat) gh;n the American esl. Thurow (1959)
and Usui (1974), have cited fat content yslues of 25 to 307, for )
the Zuropesn esl. By contrast, the sverage fst content of
sigrating btm;c eels ( 4. rostrats )from Flat Bay was 16%.

The higher mean fat content found in the Europesn eel i
(A- snguilla) seems to add support to Bruun's (1963) criticiss
of Tucker'’'s (1959s) theory and suggests that chc'.!utomn esl 1»

capable of returning to the Sargssso Ses to spswn ( see Historicsl

Yurther sampling and fat snalysis is nseded from other aress

to detersins whether migrating Americsn eels (A- poptrats) do, on
the whols, have s lower fat contest than their uromu cmmnru.

Understanding thé importance of fat muat in uh is
essentisl for eel processors, The knovliedss of tu content ensbles
processprs to describe more pucmly the quslity of their product
and motre uwn'uly svaluste the product's market vslve,

“ -



*

L

F

4
P—
e

.
-~
r
RN -
‘_‘_“‘L“~

- 84 -

‘.

MERCURY ANALYSRIS

Introduction

Mercury pollution in fish was first detected in Ninamata
Bay, Japan (Irukayama, 1966) and later a aimilar inatance was
reported at Niigata, The oﬂgin of mercury was traced to chemical
plants uaing mercury catalysta, 3erglund (1971) balieved the
methyl eow;pound to b‘c the principal causative agent in tho' asuro-
logical diseases at Ninamata and Niigata. Sweden haa alac

experienced problema with mercury in fresh water fiah and has

closed many areas to fishing (Johnels,1967). Hannera (1948)

suggests that the chemical nature of organic wercury compounds ia
easily changed in natural waters. Nercury is avnhbli for uptake

by biota as a nixture of compounds no matter what chemical form the

- mercury was initially. Nethylation 1a affected by bacteria using

any mercury source avﬂ.hb‘h. The rate of uptake of mercury in fiah,
from both water and food, is fast, while the rate of elimination i
alow, giving high concentration factora ( Rucker and Amend, 1969;
Rannerz, 1968 ), Hanmr; ‘(1960) found that for the different mercuric
compounds tested, mthy‘l mercury waa taken up wmost readily dy fish,
It has deen shown in Sweden that woat mercury in fish ( on the average
92% in fresh water and 82% in marine fish ) exists as methyl-mercury
(Norén mdl WestLv, 1967; Johansaon at al, 1970) t '
Ocourrences of fish containing mercury have desn reported in
Canada (Wobaser et al, mo;dnm NS, 1970; Ritko et al, 197]1) and
-pocmenu,gn the American ael ( Freeman and Horne, 1972). ‘Much

of the mercury found in Anguills COESEAtA Wes in a form other thanm
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s . .
wethyl-mercury and Freeman and Rorne (1972) concluded “aince

- these eela contained hiu than 1,0 ppm total wmercury, it is \

posaidle that thzy are fit for human consumption",

The Food and Drug mne:;u:'o of ‘the Department of National
Nealth and Welfare states that any fiah with total wmercury vﬂun.
over 0.3 ppm (mg. nrcut; per Kg Wet wt.) are not allowed to be.
sold in Canada or ta ba exported, and must be destroyed. Thia law
te enforced under a section of thc. Pood and .Druc A’ct and Regulations.
The mercury content 'tn fish is therefore of great concern to the -
;mrelal fisheries,

e
[ v

Nethods : . .

Twenty specimens of droad-nosed esls (’437 = 819 mm) and
twenty specimens of aharp-:;o:gd eels (410 - 790 wm)ware -collected
from Flat -hy. The eels were pan frozen ( see l‘nnfng Kels, peS1)
in two uou'po (broad and sharp-nosed), packaged, labelled and
shipped via air express to the Fish Inspection Laboratory in St,
John's, Newfoundland, where thay were umlyn;d for total marcury
from ;;ortlom of the flesh only; all internal organs were discarded,

Thias is the standard procedure of the Fish Inapection Laboratory,

unfortunately. ‘

Results . 4 .
The results from the Fish Inspection Laboratory are:

el Type / Tosal Meccury (flseh)
broad-nosed 0,09, - 0.1) ppm
sharp-nosed 0,32 - 0.48 ppm




Pigure 13: Concentrations of total mercury found ia . .
lhbnoood and Sharp-nosed sela (Anguilld
LOR%LAtA) from the Flat Bay ares of ,
Newfoundland. ‘
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O Diacussion: - A S '

‘ The eels uaed for fat and mercury A\\l.lylll ware caught

{n the Flat Bay - Muddy uol:arn duftm late Saptember. Both
typea had been ea‘ught in the area throughout the late summer but
‘ the Mﬁ-n«cd eals constituted approxiwately 90X of the catch,
This fact may indicate either the relative abundance of the two
types or, that this area was not the primary Mbn‘nt of the

broad-nosed eel,

| All eels analyzed pare under the 0.3 ppm permisaible
level although some of tla aharp-nosed eels were very close to

this value. ( Figure 18).

)

The source of this mercury way be a pulp mill located
. i;\ Stephienville, or several p\}lp mills 72 kilometers dunnt'. or
other unknown sources. Since mercury can enter the cnvuo:\unr.
/u either vater-borne or air-borne mercury (Tajning MS., 1967) a
v precise location of the source may be difficult. Bligh (1972)

" states that wmost Canadian milla had ceased vaing wercury 'conpounda
such as phgnyhnrcuuc cc.n?tc as slimcides by January 1970, At
the tiwe of writing, the author does not know whether these New-
foundland wills have ever used mercury compounda, or if they had,

wvhen their use was terminated,

&




These data show a highly aignificant difference in the
total mercury levela found in the flesh of the two typo;. The
data are adeqdate for the commercial fishery decause the mﬁlu-
idble limit of .3 ppm refers to portions of fleah ounly. ltolélteilly.
however, it cannot be atated that the total mercury levels in the
total dody masa of the two types i{s different since the tutcr!}al
organa \un. not analyzed., There is sufficient evidence that wmercury
compounds are found concentrated in the livers and kidnays of fiah
exposed to a mercury aource ( Wobeser et al, 1970, for fish in the
kohtchw\n River ) and apecifically in eela ( Anguilla japonjce )
(Ridiya and Opuri, 1961)., Rucker and Amend (1969) expoaed raindow
trout to a “single dose" of wmercury and deacribed the uptake as
occurring u;td y in the gills first, then quickly increasing

&

in the bdlood ( hours ) with a alower {nernn in the liver and
'

Ridneys. Elimination of mercury in the liver and kidneys to normal
-h\nh uqu‘tnd ‘20 and 28 weeka, roap;ctxvcly. Many factors are
involved in the jéte o; uptake of wercury compounds by fiash dut
these d'u;\o\ e aeem to be related to both food hadits and haditat
(Loeﬁhu:. 1972) . Hannera (1968) reported that the uptake of mercury
compounda \n'n‘cthctod by the concentrationa of slectrolytes in
the watar (uptake of methoxythyl wmercury was lower in brackish wuto}
than in salt water) and that eonc.nutnuon factors differ for
different organa, and for the different mercuric conpounda"tnnd.

- Another posaible vnhbﬁ in thla mercury isaue Gan be
suggested from my present findings. The relative proportions of fat

A

\
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and total marcury (portions of flesh) for the two types of eels
are very similar. The total mercury ranges were .Q - »13 ppm
for the bdroad-nosed and .32 -~ .A8 for the shavp-nosed eelas; gho
corresponding fat contents were 3.88 and 12.3% respectively. It
is prob‘bl. that a rcln:ténahtp exiata between fat content and
mercury concentration. '

Ninton et al (1973) atate that the liver is the primary
organ of detoxification. Generally, the lthr is also the most
important organ for controlling fat utilimzation by the dody.
When an excesa of glucoae occurs, axtra glucose pasaes into the
liver and is converted to fat, the fat then leavea-the liver to

be stored in fat depoaits throughout the body. If this occurs in
un/col with high liver eoncﬁntration of mercury compounds, an
a.agciation of these mercury compounds with the fat molecules may
occur. The functiona of the liver may thus provide a pathway for
mercury compounds to gnt.t the fleah of the fish. ’

It is not clear, as previocualy discussed (see Fat Content,
P. 77 )vhether the observed difference in the fat content of broad
and sharp-nosed eels is genetically controlled or ia due to
environmental influences. This difference in fat content between
the two types is consistent throughout the range of the European vel
. M) (Bertin,1956; D'Ancona, 196Q). This alao seems to be
the case with the American eel (A. pogtrata). Further research s
needed to determine whether wmercury compounds can be associated with
fat molecules in the liver and can subaequently be distributed to fat

&
deposits in the body.

Uthe et al (1973) reported that the rate of wodbilisation of mercury




frcq the bottom mud was 2o low during the winter that fish roadgly
excreted all mercury taken in. Hi‘lu"tittd that cold depreasion
of wmetabolism wfthln the fish lowered uptake more than it aid
sxcretion. It may thua‘bn gg.atbl. that eela ovtrwlntnr:;;*tn the
mud have a ncé 1088 of mercury compounds,

Freemin and Horne (1972) found that the nothyl-no{eury
compounds ( the principal cause of Ninimata dtai‘o. ) constituted
less éhln,so percent of the total wmercury in eels ( Anguills rostrata ).
It has been reported by nnny_r.aoardhcrl that the methyl-mercury
conpounﬁa are the moat veadily taken up mercuric compounds in fish
(Hlnecrl. 1968 ; Noren and Weatdd, 1967; Johana.on‘ct al, 1970;
Veatdd, 1966; Uthe at al, 1973). The sel thus seems to be an
exception., Uthe et al (1972)suggested that fish do not methylate
/n;rcury after {ntake so that accumulated mathyl-mercury was from
direct u‘ilkt from the ;nvironmtnt.

Eela, due to a lack of large protcctlv”iéaica. carry out
up to 60% of th: reapiratory procesa throu‘h the skin (Usui, 1974).
Thua the total respiratory proceas in eels, unlike wmost other freah
water fish, doeas not take rlacc exclusively at the gilla. It 1;
suggeated that methyl-mercury dcrlvntlv‘i. although rapidly absorbed
by the gills, may not be readily taken up at the surface of the akin,
and that this wmay ;ccount for th;ir lower wmethyl-mercury content,

The adove findings are significant to the commercial fishery.

If the proportion of methyl-mercury compounds is in fact lower in eels
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than in other freshwater fish, then parhaps the methyl-mergury

content should replace “total" wercury as !ht‘ligll definition of .

marcury contamination in eela. <

Conclusion

The flesh of Sh. bronze and ailver eels in the sharp-nosed
sample had consiatently the higheat total mercury levels as wall
an correspondingly highar fat contents. The migrating bronas and
silver eels command the greatest ncrkot‘prten representing the
procesaor 'a greatest profitc potential., They aleo rcp;tccnt hia

greatest posaidle loas jif thay are condesmed because of high wmercury

levels,

s
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Vi, GENERAL SUMMARY . i

1) The largeat concentrationa of eela were found ac:tviiy feeding
throughout the aummar montha in brackish water dreas.

) The fall migratiod of yellow (immature) eels to muddy areas
to overwinter in the mud is describhed and appedara to ba co-
incident with the first frosta.

3) Bel activity i{n the spring began when water temperaturesa reached
10 - 12°C,

4) Hoop neta were found to catch a higher percentage of "commercial

sine" eels than daited pota, HNoop nets also caught more eela

per unit fishing effort.

3) The future prospecta of a viable esl fishery aloni the asouth-
weat coast of Nnvf;undland are considered poor. Previoua fishing
of yellow eels during 1970-72, haas severely depleted tha eel
stocks of "commercial size' fiah. A recovery period of 6 to ?
years is predicted,

8) It is recommended, for biological and socio-economic reasons,
that the fishing for immature yellow eels be discouraged; the

slow growth rate of eels and behavioural characteristics wake

over=fishing an almoat certain result, -

13) It is recommended that the fishing for migrating mature eela
be encouraged. The commercial quality of theae wature eels i
far superior to that of immature eels and their total capture
representa no unnatural depletion of our eal popylationa. The —
fishing for migrating mature eels is also wore ntltcl'nt and

controllable,



"

16)

11)

12)

13)

s =9 -

|

A highly significant difference in fat content was found

between broad-nosed and aharp-nosed eels, with mean values
of 3,88 and 12.3% respectively. whﬁthﬁr theae differences
are envitonmentally induced or genetically controlled ia .

(3

not clear,

Bronsze sela wers found to contain a significantly higher
fat content than all other colour types., Commercially,

dronae sela are the highest quality.

A significant difference in total noreury/eontint (portions
of flesh) waa found between droad and sharp-nosed eels; the
tormer 0.09 - 0.1 ppm and the latter 0,32 - 0,48 ppm. The
relative proportions of total mercury and-fat were very
aiwmilar, suggeating the posaidle sssociation of marcury

compounda and !;; in the liver.

!

A procedure waa developed for stunning, sorting, packing,
freeaing and atoring froren eela, to achieve and maintain

a high quality product,

A smoking procedure was developed that resulted in a smoked
eel product acceptable to most European tastes, Broad-nosed
eals could Pot be processed into an aceoptlbli product due
to their low fat content,

The poasidilities for, and adwantage of, exporting Canadian
smoked eals to Burope ia dtncuaacd:
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VII. FISHERIES RECOMMENDAT IONS

the fishermen and the proceasor to have a ¢

It 1a biologically aound and economically beneficial to both

shery that concentrates

on the capture of ailver or bronze migrating éels. The advantages

of a stlver-hronee eel fighery are summarized below:

n

2)

3)

L))

Biologically, migrating ailver=bronze eels represent an

. unavoidable loaa of biowmass to an area, their total capture

therefore repreaent: no natural atanding crop depletion and
aﬁould be encouraged. It is probadle that as alvera display
& non-homing, random type migration (see Nistorical Iatro-
duction, p.2 S annual elver recruitment to any river syatem
should be unaffected. Since there are vast areas in Rastern
Canada and the United States whers eels are not fished, a
lowering of the species’ breeding potential is definitely

not axpectad,

The ailver-bronze eel is preferred for export because of
its asize and fat content. The price .obtained {a alao

conaidered higher than that for yellow eela,

Tﬁc fishing season extends for only a few months in the fall
and comes at a time when the amall independent Newfoundland
fisherman has little else to fish. Through the tﬁcomc sarned,
hia U.I.C. benefits can be extended to the next spring when

he can start fishing again,

River weirs are the moat efficient means of catching silver
eels. Although construction time is gf.atcr‘ once set up,

the fishing effort is wuch reduced. Example: The river weir

vt e e
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in the Richelieu River, Quebec, catches 1ppro§1nltcly

A4S 300 kilograms annually and is operated by 3 = 4 men.

Provincial governmants should be urged to discoutage yallow
eel fisheries and to implement legislation allowing river
wei¥s. This would encourage silver tol‘ttahxn;. Exponents
of the theory that weira would greatly interfere with the
downatream wbvement of salmon smolt should dear in mind that
this wovement occurs primarily in the apring, also that
smolts prefer the deeper part of the river while ;cla prefer
the ahallow parta. Properly implemented, experimental weira

should be conatructed and the potential problems assesaed,
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APPENDIX A '
TABLE A-1
¥ 4
) I

EELS CAUGHT IN FYRE NETS * . n‘IBLS CAUGHT IN BAITED POTS
Length Weight Length #oiqht = Length Weight

nn _gna mm LI nR gms

4

679 $72 550 267 s 495 199
620 400 600 489 457 142
660 470 @o 292 419 8%
520 216 0 368 4813 142
$50 241 500 191 432 8%
460 133 600 386 4813 143
700 6335 580 308 407 as
670 $27 540 317 470 114
630 432 520 241 394 8s
670 589 570 298 481 170
630 476 530 26?7 432 4 113
640 418 40 267 $%9 . 284 T
720 673 20 229 572 312
720 622 480 197 584 340
6558 S08 700 6713 A4 6338 397
5§70 124 690 soa 405 113
540 229 700 - 654 1 448 114
570 298 680 482 k31 | 85
530 260 660 S14 1 449 113

L0 ]¢] 210 610 444 6R6 624
780 1041 530 330 4813 170
€90 698 670 482 . 572 340
580 362 | 710 730 445 114
690 584 650 432 457 142
710 628 690 508 458 114
640 495 589 312

‘ -2
o
‘ ¢
2




3
TABLE A-2
NUNBER OF EELS OF DIFPERENT LENGTH CLASSES (NN) cavckw IN
BAITED POTS
Length-Range N“lg.t Nean \\\hrcrccntnqo
{mm) ’ {mm) * i
i
200- 99 . ;
. 300-13199 2 394 6.7 ‘
- 400-499 17 453.9 65.4
o $00-599 s $69.2 19.2
o / 600-6%99 ° 2 660.5 7.7
700-799 * ‘
800-899 .
!
3
“ TABLE A-3 .
. NUMBER OF EELS OF DIFFERENT LENGTH CLASSES (MN) CAUGHT IN
FYRE NETS
Length-Range Numbar Nean Porcontiqc
(mm) ' (mm)
200-299
300-399
400-499 , 2 470 . 3.9
500-599 20 $44.5 39.2
; 600-699 21 ¢ €53.9 41.2
700-799 8 717.5 15.7
800-899
‘ 3
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TABLE A-§ /

CONBINED SANPLE§ OF EELS OF DIFFERENT LERNRGTHCLASSES (NN)
CAUGHT IN BOTH FYKE NETS AND BAITED POTS

Length-Range Number Nean Pexrcentage
(mm) (mm)
200~-299
300-399 . 2 394.0 2.6
400-499 C19 454.6 24.7
500-599 2s 549.4 32,5
600-699 23 653.5 29.8
700-799 8 717.5 10.4
800-899
N
1 - - ’ ~
J S
;> ' -PAREE A-5 R
s '
PERCENT UTILIZATION OF TOTAL CATCH
Weight (lbs) Percent
Weight of eels purchased 25,079 100
Weight of eels processed 21,779 86.84
Wejight lost (death or damage) 3,300 13.16

—

' o TABLE A-6

WEIGHT CLASSES Or PROCESSED EELS

Weight Classes Total Weight Total Weight Percent
(gms) (1bs) (kq)
200-25Q-.- 8,613 3,907 39.6
250-500 9,744 4,420 4.8
500 Gp 3,422 1,582 15.6
21,179 9,879 100

TOTALS
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Table A-7: Raw data for length-weight equations

Length ‘' log L\* Weight log W log L x log W {log X..).2
nM jn ,
670 2.82607 572 2.75740 7.792608 7.986671
620 2.79239 400 2.60206 7.265966 7.797441)
660 2.81954 470 2.67210 7.534092 7.949805
520 2.71600 216 2.33445 6.340366¢ 7.376656
550 2.740136 241 2.38202 6.527592 7.509572
460 2.66276 133 2.12385 5.655302 7.090290
700 2.84510 635 2.80277 7.974160 8.094594
670 2.82607 527 2.72181 7.892025 7.986671
630 2.79934 432 2.63548 7.377604 7.836304
670 2.82607 - 559 2.74741 7.76437%2 7.986671
630 2.79934 476 2.67761 7.495540 7.836304
640 2.80618 438 2.64147 7.412440 7.874646
720 2.85733 673 2.82802 8.080586 8.164334
£]20 2.85733 622 2.78379 7.982779 8.164334
650 ° 2.81291 508 2.70586 7.611340 7.912462
570 2.75587 324 2.51055 6.918749 7.594819
540 2.73239 229 2.135984 6.448003 7.465955
570 2.75587 298 2.47422 6.818628 7.603087
$30 2.72428 260 2.41497 6.579054 7.421701
500 2.69897 210 2.32220 6.267548 7.284439
780 2.89209 1041 3.03330 8.772576 8.364184
690 2.83886 698 2.841386 8.073320 8.059126
580 2.76343 362 2.55871 7.070815S 7.636545
690 2.83886 $84 2.76641 7.853450 8.059126
710 2.85126 628 2.79796 7.977711 8.129683
640 2.80618 495 2.69461 7.561560 7.874646
550 2.74036 267 '2.42651 6.649510 7.509%72
600 2.77815 489 2.6893) 7.471306 7.718117
$S40 2.73239 292 2.46538 6$.7361379 7.465960
590 2.77085 368 2.56586 7.109613 7.677609
500 2.69897 190 2.27875 6.150277 7.284439
600 2.77815 356 2.55146 7.0883138 7.718117
580 2.76343 305 2.48430 "6.865189 7.636450
560 2.74819 318 2.502423 6.877183 7.552548
520 2.71600 241 2.38202 6.469566 7.376656
570 2.75587 298 2.47422 6.818628 7.594819
530 2.72428 267 2.42651 6.610492 7.421701
540 2.73239 267 2.42651 6.630171 7.465955
520 2.71600 229 2.35984 6€.409325 7.376656
480 2.68124 197 ‘2.29447 6.152024 7.189047
700 2.84510 673 2.82802 8.045999 8.09459%94
690 2.83886 508 2.70586 7.681557 8.059k26
700 2.84510 654 2.81558 8.010606 8.094594
€80 2.83569 483 2.68396 7.610878 8.041137
660 2.81954 514 2.71096 7.643660 7.949805
610 2.78533 444 2.64738 7.373826 7.758063

-



e ot R
R

.

Table A-7 Continued
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-

Length log L Weight log W log L x log W (log L)2
nm gm v ?
530 2.72428 . 330 2.51851 6.861126 7.421701
670 2.82607 482 2.68306 7.582515 7.986671
" 710 2.85126 730 2.86332 8.164069 8.129683
650 2.81291 432 2.63548 7.413368 7.912462
690 2.83886 50 2.70586 7.681557 8.059126
495 2.69461 199 2.29885 6.194504 7.260923
457 2.65992 142 2.15229 5.724919 7.075174
419 2.62221 85 1.92942 5.059344 6.875985
483 2.68396 142 2.15229 5.776660 7.203641
432 2.63548 85 1.92942 5.084947 6.945754
483 2.68395 142 2.15229 r 5.776638 7.203587
406 2.60853 8% 1.92942 5.032949 6.804428
470 2.67210 114 2.05690 5.496242 7.140118
394 2.59560 85 1.92942 5.008002 6.737139
483 2.68396 170 2.23046 5.986465 7.203641
432 2.63548 114 2.05690 5.420918 6.945754
559 2.74741 284 2,45332 6.740275 7.548261
572 2.75740 312 2.49415 6.877369 7.603254
584 2.76641 340 2.53148 7.003111 7.%653024
35 2.80277 397 2.59879 7.283810 7.855519
406 2.60853 114 2.05690 5.365485 6.804428
445 2.64836 113 2,05308 5.437294 7.013810
394 2.59560 85 1.92942 5.008002 6.737139
445 2.64836 113 2.05308 5.437294 7.013810
686 2.83632 624 2,79518 . 7.928024 8.044711
483 2.683986 170 2.23046 5.986465 7.203641
572 2.75740 340 2.53148 6.980302 7.603254
T 445 2.64836 114 2.05690 5.447411 7.013810
457 2.65992 142 2.15229 5.724919 7.075174
457 2.65992 114 2,05690 . 5.471189 7.075174
559 2.74741 312 2.49415 6.852452 7.548261




o ——— T Y

- 12 -

Table A-8: Summary of Table A~7

log L ‘ log * log L x log W {log L)z

July Data |E= 69.74393|I= 57.30524{ I= 154.10499 I= 187.189122
Sept. DatJ£-142.00412 I= 132.32829 &= 368.955315]| I+ 395.554674¢

Combined |[E=211.74805|I= 189.63353] &= 523.060305 E-\582.743796

v
¢

Table A-9: N :

Length-wWeight Equations s
I. *July Data log W -‘-7.31 + 3.733 log L

II.*Sept. Data log W = -6.123 .+ 3.131 log L

III.éonbined log W = «7,30 + 3.55 log L

* July samples caught in baited pots.

* September samples caught in fyke nets.
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Table A-10: CALCULATED VALUES OF WEIGHT
FROM THE JULY SANPLE OF EELS

log W= -7.81 + 3,733 log L

Length log L log W Weight
(mam) (gms)
200 2.30103 *.779744

N 250 2.39794 1.141510 13.9

300 2.47712 1.437088 27.3

350 2.34407 1.687013 48.6

400 2.60206 ' 1.903489 80.8

450 2%5321 2.094432 12¢.3

500 2.69897 2.265255 184.2

. 550 2,.740136 2.419763 262.9

600 2.77815 2.560833 363.8

650 2.81291 2.690593 490.5

700 2.84510 2.810758 646.8

750 2.87506 2.922598 836.8

800 2.90309 3.027234 1106.5

850 2.92942 3.125524 1133.5

900 2.95424 3.218177 1165.3
Table A-11: CALCULATED VALUES OF WEIGHT 3

FRON THE SEPTEMBER SAMPLE OF EELS
log W = -6,123 + 3.131 log L

Length log L log W Weight
{mm) : . (gms)

200 2.30103 1.081524 _ 12.7

250 2.39794 1.384950 24.2

300 2.4772 1.632862 42.9

350 2.54407 1.842483 69.6

400 2.60206 2.024049 105.7¢

450 2.65321 2.184200 152.8

500 2.69897 2.327475 212.5

550 2.74036 2.457067 286.5

600 2.77815 2.575387 359.3

\ 650 2.8129) 2.684221 483.3

\ 700 2.84510 /A} 2,785008 609.6

750 2.87506 2.878812 756.5

800 1 2.90309 2.966574 925.8

850 ; 2.92942 3.049014 1112.0

900 ﬂ 2.95424 3.126725 1113.9

g
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CALCULATED VALUES OF WEIGHT FROM TRE
CONBIN SEPTENBER AND JULY SANPLES
OF EELS

log W\= -7.30 + 3.55 log L

Table A-12:

Length log L v log W Weight
{(mm) (gms)

~ 200 2.30103 0.868656 0.7

+ 250 2.39794 1.212687 16.3 '

300 2.47712 1.493776 31.0
350 2.54407 1.731448 53.9 :
400 2.60206 1.937313 86.6 .
450 2.65321 2.118895 154.5 !
500 , 2.69897 2.281343 191.1 i
550 2.74036 2.428278 268.1 \
600 2.77815 2.562432 365.1
650 2.81291 2.685830 » 485.1
700 2.84510 2%800105’ 631.1
750 2.87506 2.906463 806.2
800 2.90309 3.005969 1101.3
850 2.92942 3.099441 1125.6
300 2.95424 3.187552 1154.0
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Table A-13:. PALL PISHING CATCH DATA, 1973 €
FISHERMAN DATE OF SALE FISHING NUMBER OF NUMBER OF CATCH 1IN LBS/NET/NIGHT
LOCATION NIGHTS NETS LBS,
FISHED PISHED
’ «
A.H., &« M.L, Crabbes 1 4 633 158.3
A.H, &« M.L. Crabbes 3 4 587 48.9
G.C, & W.B, Grand Conroy 3 s 14 334 8.0
A.H., & M.L. Crabbes 2 5 375 37.5
G.C. & W. B. Grand Condroy 3 18 229 4.3
A.H. & M.L. Crabbes 3 4 529 44.1
A.H. & M.L. Crabbes 3 4 452 37.7
A.H. &« K.L, Crabbes 3 8 1346 56.1
A.H. & M.L,. Crabbes 3 8 1293 53.9
A.H, & M.L. Crabbes 3 8 665 27.7
E.B,. Muddy Hole 5 8 225 5.6
C.B. Muddy Hole -5 . 13 362 5.6
A.H., & M.L. Crabbes 4 8 5.9
E.B. Muddy Hole 5 8 0.0
C.B. ddy Hole 5 13 6.0
G.C. & W.B, nd Codroy 5 19 3.8
E.B. Mu Hole 3 8 6.3
C.B. Muddy Hole 3 13-
G.C. & w.B, Grand Codroy 3 19
C.B. . Muddy Hole 2 13
E.B. Muddy Hole 2 8
A.H. & M.L. Muddy Hole- 7 . 10
G.C. & W.B, Grand Codroy 3 19
G.C. & W.B, Grand Codroy 3 19 915 16.1
A.H. & M.L. Muddy Hole 5 19 1015 20.3
E.B. 10-01-73 Muddy Hole 7 8 437 7.8
C.B 10-01-73 Muddy Hole 7 14 341 3.5
G.C. & W.B. 10-03-73 Grand Codroy 3 19 579 10,2
E.B. 10-04-73 Muddy Hole 2 8 366 22.9

CONTINUED

'3




Table A-13 Continued

FISHERMAN DATE OF SALE PISHING NUMBER OF NUMBER OF CATCH IN LBS/NET/NIGHT
LOCATION NIGHTS NETS LBS.
, FPISHED PISHED
C.B. 10-04-73 Muddy Hole <2 15 - 617 20.6
G.C. w.B. 10-09-73 Grand Codroy 5 19 355 - 3.7
A.H. M.L. 10-13-73 Muddy Hole 8 27 858 3.8
E.B. 10-14-73 Muddy Hole 9 8 367 5.1
Cc.B. . 10-14-73 Muddy Hole 9 15 526 5.5 .,
A.H. M.L. 10-19-73 Muddy Hole 6 ~ 29 595 3.4
- G.C. w.B. 10-24-73 Grand Codroy 14 19 277 1.1
A.H. M.L. 10-21-73 Muddy Hole 2 27 225 4.2
E.B. 10-27-73 Muddy Hole 12 8 329 3.4
' C.B. 10-27-73 Muddy Hole 12 13 397 2.6 ,
4,
N >
:7 = s
- ‘ s
<.
Al
- < —
N : 3
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VALUES (WEEKLY) OF LBS/NI
BY FISHING LOCATION

T/NET

~

" FISHING WEEK FLAT BAY GRAND CODROY CRABBES RIVER
August 3
August 4 6.15 81.56
Sept. 1 45.96
Sept. 2 5.60 40.80
Sept. 3 15.77 3.8 5.90
Sept. 4 41.12 21.20 ceased fishing
Oct, 1 13.70 10.2
Oct. 2 4.80 3.7 .
Oct. 3 3.80 1.1
Oct. 4 3.00
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TABLE A-15: Hourly night observations of eels in Two Guts Pond.

TIME . NUMBER OF EELS SIGHTED
DAY DAY DAY DAY DAY DAY DAY  TOTAL NUMBER  MEAN
. [ 11 111 v ] 124 129 ' OF
! - . _ 08S.
- ‘ . :
‘ -
1700 6 # 7 3 . * 1 6 33 5 6.5 '
1800 4 6 5 0 * 10 ° 12 37 6 6.2
1900 1 13 8 6 16 19 19° 92 7 133
, 2000 12 14 7 9 \15\\; 17 88 7 126 .
2100 ., 4 n * 1 9 16 58 ¢« 6 9.7 E
2200 16 5 * 3 18 16 bl 58 5 11.6 ‘
2300 g wa 6 6 n 13 a 45 5 9.0
2400 6 13 2 7 12 14 16 70 7 10.0
0100 8 0 2 9 7 12 42 7 6.0
0200 2 3 3 4 9 k7! 7 4.9
" 0300 3 5 1 6 7 " N 33 6 5.5 \
0400 3 5 3 0 R 6. 23 6 3.8
0500 * 7 2 0 n * 4 24 5 4.8 y
Weather clear cloudy clear clear cloudy cloudy cloudy
- ) and and
. rain rain

* water too choppy
** rafning
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TABLE A-16: Daily eel activity in Tw% Guts Pond * ' 3
L% * / ' !
: . /
DAY TOTAL NUMBER OF EELS CAUGHT AT ‘ : j

2300-2400 hrs 0500-0600 hrs 1600-1700 hrs.

s 1 203 \ 76 36

| 0 ; |
() 2 312 179 . ‘19 !
i 3 ias’ 8 23 |
/4 262 57 . 14 - |

5 216 n g

6 386 87 3R

.
7 & 239 153 29
TOTAL 1804 666 172
MEAN | 257.7 951 24.6

* Twenty bailed pots were hauled thrice
daily for seven consecutive days. ~

] ;
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APPENDIX B

. _ TABLE B-] .
: x

Fat Content of Eels, Anguilla Rostrata, from the
Stephenville area of Newfoundland, in Per Cent®*

x1 (broad nose) x2 (sharp nose)
2.0 30.0
3.5 25.0
2.0 17.0
. 2.0 15.0 (>
» 8.0 \ 2.5
1.5 15.5
) 1.0 10.5
4.0 11.0
1.5 11.5
1.5 10.0
3.5 11.0
2.0 ' . 2.0
2.5 T 9.%
- 7.0 11.0
" . 8.0 6.0
5.5 B 12.0
10.5 14.5
. 10.0
15.0 T
‘f 1 yO ¢
‘ 11.0
12.0
7.0
6.5
. 11.0
£IX 66.0 307.5
tx?387.6 4,538.75
¥  3.88% . 12,38 d

* Per Cent values were not transformed to arcsin values
because of extremely large differences in the x  and X,

‘ 1
‘® - |
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For the 95% confidence interval for uz-urxz—! +t_05 sk, - X,

) -2 -
Table B-2: STUDENT T TEST

- tx12 - (:xl)2 - 387.6 - (66)% = 131.6

"y 17 .
’ 2

- 2 \ 2 = 4,538.75 - (307.5)° = 7s6.

- :xa - (‘T.xz) ; 3
qz 25

2 2
- txl + 2:2 = 131.6 + 756.5 = 888.1 = 22.2, an
(n;-1)+(n2-1) (17-1) + (25-1) w0 .

estimate of the common 02

.

{
sz(n1+n2) - 22.2 (174959 = 22.2 10.0988)
n, n (17+25) B

1l 2

A
2.1936 = 1.48%, the standard deviation appropriate

to the diftnronco_b.tvo;n the sample neuns‘

R

‘, ‘aw
- 3,88 - 12.3 = -8.42 . = -5.689 ,; 4f 40.
1.‘8 - 1.‘8 /

4
a=

»

1] -

= -8.42 + 2.021 (1.48)

1 5.429%

1

12 = 11.411%

e
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APPENDIX C
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ANRALYSIS OF VARIANCE

PERCENT FAT CONTENT FOR YELLOW GREEN EELS

.

PERCENT FAT ARCSIN x:j
11.0 19.4 376.4
12.0 20.3 412.1

9.8 18.2 331.2
6.4 14.7 216.1
9.9 18.3 334.9
11.4 19.7 388.1
7.6 16.0 256.0
4.5 12.2 148.8
/12.4 20.6 424.4
6.3 14.5 210.3
7.9 16.3 265.7
9.4 ° 17.9 320.4
5.6 13.4 179.6
6.7 15.0 225.0
11.2 19.6 384.2
10.0 18.4 338.6
9.0 17.5 306.
4.3 12.0 144.
2.1 8.3 68.9
6.4 14.7 216.1
IX = 163.9 IX - 327.0 Ix?= 5,547.1
X = 8.195 A= 16.4 i
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Table C-2: PERCENT FAT CONTENT

7!‘OR YELLOW EELS

PERCENT FAT [~ ARCSIN xij
14.1 22.1 . a88.4
12.0 20.3 . 412.1
9.5 18.0 324.0
-~ _ 11.0 19.4 376.4
‘9.6 18.0 324.0
8.9 [ 17.4 * 302.8
, 6.4 14.7 “ 216.1
11.2 119.6 384.2
7.8 16.2 262.4
8.9 17.4 302.8
11.4 19.7 3ds.1
9.1 17.6 309.8
, 9.0 17.5 306.3

o 12.5 20.7 428.5 SN
7.8 16.2 262.4 A\
11.1 19.5S 380.3
4.35 12.1 146.4
2 [ 4
£X = 164.65 IX = 306.4 :x:; 5615
X = 9.69 % = 18.0
e
. ¥,
/
a
I"‘“"‘""""““ -

—
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Table Gg3: PERCENT FAT CONTENT

FOR BRONZE YELLOW EELS

PERCENT FAT " ARCSIN ) x:j
- - .
10.5 18.9 . 357.2
12.0 20.3 '412.1
11.4 19.7 388.1
14.3 22.2 492.8
9.8 18.2 , 331.2
7.9 16.3 265.7 .
9.7 18.1 T 327.6 ’
15.4 23.1 533.6
11.4 19.7 388.1
12.6 20.8 432.6
13.4 21.5 462.3
7.1 15.5 240.3
4 [ -
IX = 135.5 Ix = 234.3 xxi- 4,631.6
2 « 11.29 }: - 19.5 > N
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Table C-4:
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PERCENT FAT CONTENT

FOR SILVER EELS

PERCENT PAT ARCSIN xij
'
19:8 18:4 338:%
17.0 ;o24.4 590.5
15.0 P 22.8 519.8
15.5 23.2 538.2
14.5 22.4 501.8 ©
10.0 18.4 338.7
15.0 22.8 519.8
11.0 19.4 376.4
11.5 19.8 392.0
. 11.0 19.4 376.4
7.0 15.3 234.1
6.5 14.8 219.0
12.1 20.4 416.2
14.1 22.1 488.4
IX = 181.2 £IX = 303.0 txi- 6,226.3
% = -20.2 3

x = 12,08
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Table C-5:
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(
PERCENT FAT.CONTENT

FOR BRONZE EELS

/

!

PERCENT FAT ARCSIN xij
30.0 33.2 1102.2
. 25,0 30.0 900.0
6.0 14.2 201.6
14.6 22.5 506.3
11.9 20.2 408.0
13.8 21.8 475.0
16.4 23.9 571.2
17.1 24.4 595.4
9.8 18.2 331.2
12.4 20.6 424.4
16.8 24.2 585.6
15.5 23.2 538.2
] 16.8 24.2 585.6

Y oy,
IX = 206.1 X = 300.6 ixle 7,224.7
£ = 15.85 £ = 23.1 i)




Table C-6:

[

TOTAL S§

-

TREATNENT S§

ERROR SS

A}
=

¥

ANALYSIS OF VARIANCE

xz 2
Ir,
2
(1471.3)
77

28,113.8

N\

2
$4%13 - ©

©

29,244.7 - 28,113.3

AN

1,131.4
prf-c
i

28,515 - 28,113.3
\

401.7

n

TOTAL SS - rnqarnnnr $s
i
1,131.4 - 401.7

729.7

LARGER SS
SMALLER SS -

1.8165

St
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Table C-71

SUMMARY OF FAT CONTENT OF FIVE COLOUR TYPES OF ANGUILLA ROSTRATA,FROM THE

STEPHENVILLE AREA OF NEWFOUNDLAND

COLOUR :1. ;xij A ii Arcsin §xij xf N 5 x:j
Yellow-Green 20 327.0 8.2 16.4 5,547.1 5,346.5 200.6
Yellow 17 306.4 9.7 18.0 5,615.0 5,522.4 92.6/
Bronse-Yellow | 12 234.3 11.3 19.5 4,631.6 4,574.7 56.9
Bronse 13 300.6 "15.9 23.1 7,224.7 6,950.8 273.9
Silver 15 303.0 12.1 20.2 6,226.3 6,120.6 105.7
TOTALS 77 1,471.3 X = 11.44 R = 19.44 |4 29,244.7 28,515.0 729.7

-~

- 821 -
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Table C-8:

ANALYSIS OF VARIANCE OF THE
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DATA SUNMARIZED IN TABLE C-7

SOURCE OF ’
VARIATION ar. ss NS F
/
Among Colors 4 401.7 100.425
9.91
Within Colors 72 729.7 10.14
TOTALS 76 1;131.4 T
| /




- 130 -

4

Tables C-9, 10, 11:DUNCAN'S MULTIPLE RANGE TEST

({UNEQUAL OBSERVATIONS)

STANDARD DEVIATION = 3.18434

VALUE OF 2 > 3 4 ) 5
Intermediat
Significant 8.98301 9 .46066 9.77910 9.9771
Ranges
—_—
!
MULTIEPLIERS
Yellow Yellow Bronze Silver Bronze
Green Yellow
Yellow 0.23326 0.25820 0.24152 0.25192
Green A
Yellow 0.26610 0.25049 0.26053
7
Bronze 0.27386 ° 0.28307
-Yellow
Silver 0.26795

LEAST SIGNIFICANT RANGES (MULTIPLIERS X INTERMEDIATE

SIGN.RANGES)

e - e

Yellow Yellow Brongze Silver Bronze

Green Yellow
Yellow 2.10 2.44 2.36 2.51
Green

/

Yellow 2.39 2.37 2.55 -
Bton‘e 2.‘6 2-68
Yellow )
Silver | “ 2.41 ¢

-
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i
leke €-12: RANKED MEANS OF PERCENT FAT CONTENT

Means Yellow Yellow Brongze Silver Broan
Green Yellow
;
ARCSIN 16.4 18.0 19.5 20.2 23.1
PERCENT 8.2 . 9.7 11.3 12.1 15.9
Table C-13:

TEST OF DIFFERENCES

B -YG = 23.1 - 16.4 = 6.7 > 2,51 ; significant
B - Y = 23.1 - 18.0 = S.1 > 2.5% ; " .
B -BY = 23,1 - 19.5 = 3.6 > 2.68 ; "
( B - 8§ = 23,1 - 20.2 = 2.9 > 2.41 ; - n
° AN S - YG =.20.2 - 16.4 = 3.8 > 2.36 ; significant
s - Y = 20.2 - 18.0 = 2.2 < 2.37 ; not significant
S - BY = 20.2 -19.5 = .7 < 2,46 ; * .
* . 0

BY - YG = 19.5 - 16.4 = 3.1
BY - ¥ =19.5 - 18.0 = 1.5 < 2.39
N J

Y -¥YG = 18.0 - 16.4 = 1.6 <-2.10

significant
not significant

. =«

noz significant

~




