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l Report on the Eel Investigation for 1950-51.

by

H.Godfrey

Introduction

The writer has been employed by the Atlantic Biological Station
during the summer and winter of 1950-51 to investigate the eel (Anguilla
bostoniensis LISeuer)in New Brunswick streams.

This report deacribes the work accomplished to date (March, 1951),
and also discusses the significance of various observations made, both as
they contribute to the knowledge of the life history of the American eel,
and as they are pertinent to the objectives of the investigation.

For several years a number of Canadian fisheries biologists have
felt that the presence of the eel in salmon streams constituted an inter­
spec1ficrelationshipthatneeded closer study in the interests 0 fthe
enhanced propagation of the Atlantic salmon. Impetus was given to the desire
for such an investigation when, in 1949, the introduction of the electro­
fishing technique revealed the eel present in New Brunswick streams in
unsuspected abundance.

'The Petitcodiac river district was selectad for this study to allow
it closeassociation3 with current investigatioI13 of the Atlantic saImon.

The specific concern of the investigation is based upon the reputa-

~~o~~e;~~o::~ ~~c~P~~~~~~~t~~di~o~~~~i~~~a~ia~t~:~ ~~;ea~h;~:s~e:~~;sfisheries
ptiblications, and have been similarly directed towards the New Zealand long­
finned eel (A,. dieffenbachii Gray). Furthermore, popular opinion frequerttly
ranks the eel as the dominant fish species, both in numbers and activity,in
the lakes and streams where it is more eaily observed; and rightly or wrongly,
such ,.op:l,niob..,~ has doubtless added to its characterization as a major hazar~
to the survival of more valued fish.

The freshwater life of the catadromous eel commences when, in thE! spring,
as an elver, or tiny, transparent eel, it enters the rivers and streams from
estuarial waters. These elvers may move considerable distances up stream and
some enter lakes. They are reputed to be able to surmount almost any barrier
or to enter "inaccessible" places.

The eel remains a varying number of years in fresh water, finally,
.... according to Schmidt (1922l, returning to the seato spawn and die.

Some eels may enter f'reshwater only later in life, orperhapsreturll'
early to the estuaries. In any event, there have been observ",tions of populations



of feeding. yellow elfls in estuaries and in c08stal salt waters (Menzies, 1932).
There are also records (see later) which indicate that certain eele may leave
the estuaries or salt water to hibernate in fresh water during the winter.

The eel perhaps begins its predatory role within two years of
entering freshwater, orss soon as it is large enough to feed ontheeggsof
fishes. When it comes most seriously offensive as a predator upon salmon, will
obyiously depend, upon its numbers. and upon the ecological niche it is maintain­
ing in the salmon stream.

ls a potential competitorf'or the food of the salmon, the eel becomes
active, possibly from the moment it enters the salmon streams.

One of the main objectives of a'l eel investigation must. \herefore,
be to define the niche, or series of niches which the eel occupies in the stream,
since its relation to the salmon. as either a predator orfoodcompetitor,will
be governed by its ecolpgical and physiological needs and limitations.

The general aim of the eel investigation may be stated as follows ­
to determine the relations of the eel to the salmon throughout their freshwater
phase, and if these are deemed serious. to institute means to protect the
salmon.

Distribution of the eel in Pstitcodiac streams

Eels were found in every stream (ca. 25) where it was possible to use
the electro-fishing apparatus. They have been reported for many other streams
of the district, and indeed are probably present in every accessible stream in
the province.

In Albert County, there are several,brooks (e.g. Forty-five and Salmon
rivers) where, according to report. no eels are present in the upper reaches.
In eRch of these cases series of dams or fslls, or both. have apparently
;I,.ev~nted their further penetration up stream. Similar instances of either
Ii'~arcity or absence of eels in streams above falls or dams have been reported

_' bY Cairns (1942C), Hobbs (1948), and Greelsy (1935).

Several Petitcodiac streams. or sections of such streams. had Tery
fe'l'l' eels. Those noted were the Lee brook. Salmon Hole creek, and a small
unnamed brook. all tributaries to the Pollett rivsr. No eels were found in
several hundred yards of the upper Mitton brook, a small tributary to the
Coverdale River. One of the pertinent characteristics of these streams was
that they were colder waters than those in which eels are usually abundant;
this condition in turn perhaps accounting in part for the fact that they'
had relat:b,ely large numbers of small brook trout and sculpin. These streams
might be tenned "trout" rather than "salmon" sVeams.

The euggestion that cold-water temperatures may act as a
physiological barrier to the further freshwater distribution of eels. is
supported by other evidence which is discussed in a later eection of thie
paper. Thepracticalimpartancs oftheobservationliesindstermining
the extent'to which the physico-chemical characteristics of the environmsnt
are common to the nesds and capacities of eel and salmon.
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Abundance of eels in streams

The numbers of eels in sections of streams were determined by e1ectro­
n/lbing. The two generators used throughout these investigations were of the
D. C. type. In most cases, estimates have been based on collections of eels made
by a single, thorough shocking of a stream section of known dimensions. Repeated
electro-fishing of the same section was carried out on two streams.

Efficiency of electro-fishing for eels

Section of the Nigus and Bennett brooks were thoroughly electro-fished
several times. The efficiency of the method can, therefore, be determined by
comparing the catch of the first effort with that of the total of several efforts.
The assumption is made that all eels were removed, and that movements of eels
into or out of the section had been negligible.

The results of three successive, thorough shockings of 100 yards of the
upper Bennett brook are tabulated below, The average width of the stream was
approximately 3 feet, and the average depth 6 inches. Two hundred and four eels
were finally removed; the first collection of 138 thus representing 67.6%
of the total catch, or, in other words, about two thirds,

No,in No. in
Collection first second
__No_._ Date ~, ~. ~

23 August 71(66.3%) 67(62.6%) 138::67.6%
24 August 17 23 40
29 August ...ll .....J.. 26

107 107 264

The lowermost 625 yards of the Nigus brook were repeatedly e1ectro­
fished, and the numbers of eels taken on each occasion in each 50 yards were
recorded. The average stream width was about 6 feet and the average depth 8
to 12 inches during the collections. Eels smaller than 90 mm. were numerous in
the strea!!!, but were not take!!. The attempt was made to collect and measure
all eels 90 mm. and over. Table 1 summarizes the results.

These results indicate a fair degree of uniformity in efficiency of
collection, and a value of approximately 64 per cent efficiency for the first
shocking.

The type of stream bottom was fairly uniform throughout, but small
sections did differ from the average condition. In such cases, the numbers of
eels present varied from the normal abundance and were reflected in the efficiency
of catch for their first shocking (see, for example, section 600-625 yards, where
the stream bottom was an even bed of gravel and small stones, and was easily fished).
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The results for the Bennett and Nigus brooks were very similar, being
68 per cent 'and 64 per cent efficiency respectively,

These were small streams, and their physical characterbt~., differed
in many ways from those of the Pollett, Coverdale, and Turtle rivers, However,
llrOTidedthatcorrespondingeffortofelectro-fishingismaintainedonlarger
stren., a thorough, initial shocking in a larger stream should take a similar
pr"Portion of the eels present, Deep water especially limits the efficiency
of electro-fishing, since, besides hindering personnel, theresistancetothe
paSsage of the electrical current increases with the depth of water,

From the results of these experiments it is perhap. safe to state that
in shallow streams (up to two, or two-and-a-half-feet) a single, thorough shocking
will take about two thirds of the eels present,

Eels were collected from sections of the Pollett, Coverdale, and Turtle
'-'rivers by salmon investigation crews, and by the writer and an assistant from

the Nigus and Bennett brooks, In the case of the first three streams, single
shockings were made, whilst for the other two streams eels were taken in repeated
shockings, as has been mentioned above, The actual numbers of eels taken have
been listed in Table II and no efficiency factor has been employed,

Almost every eel present there must have been taken in the Bennett
brook section, In the Nigus brook no attempt was made to take eels under 90 mm,
Collections from the three rivers were biassed in favour of larger eels and in
particular missed the smallest eels present, This statement is based upon the
writer's own observations and is partly borne out by the accompanying size­
frequency his~ograms, The need of recognizing these facts lies in the importance
of the relationship between the sizes of eels and their interaction with salmon,





These data may also be grouped as in Table III which allows a more
direct comparison of the five streams. The figures still, however, refer to
small sections of the streams.

Estimates of numbers of eels present in five streams.

Width No. per No. per No. per
yds._ lOOyds. sq. yd.

204 2.04 9874

Nigus 1.10 5316

275 0.262 1268

17 0.121 585

23 294 0.133 620

Theerrorsinvolvedinsuchestimatesareapprec1ated;nevertheless,
the values determined for each stream vary sufficiently and consistently enough
to be of likely significance.

Hobbs (1948), with reference to the New Zealand long-finned eel, has
admitted that what determines the density of populations attained in different
easily-accessible streams, is not known; but he suggests that the type and
amount of "covezl' available is of greater importance to eels than to trout. Ob­
servations of the eel in New Brunswick streams tend to support the suggestion.

Eelll live a semi-subterranean life, and though specific data are lack­
ing!1tthistime, the writer has frequently noticed that larger eels, when they
are fotmd in streams, are usually in sections where the stream lxlttOlll is of
boulderfJ and-larger stones; whilst smaller eels are typically found among smaller
stones and in a bottom of gravel and small pebbles.

These observations were made whilst electro-fishing for eels, when
they could be observed struggling out of the stream bed towards the positive
electrode. During the collecting of eels from the Pollett, Coverdale and Turtle
rivers, it 'became a habit of the crew to direct the electrode towards large'
stones- fo.r larger eelfJ and to anticipate small eels from gravelly riffles and

·amongnallstones.

The size-distribution of eels will also, of course, be affected by
other factors (physico-chemical properties of the water, food availability,
migrations),butthetypeofstreambottomcandirectlylimitthenumbersand
sizes of eels present in a stream,and in this way modify the inter-specific
relationship of eels and salmon.
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Sizes of eels in different streams

Most of the eels collected from the Petitcodiac rivers last summer were
measured by the writer within a few hours or days after having been killed and
preserved in formalin.

The eels were measured from the snout to the tip of the caudal fin for
total lengths.

Size-frequency histograms of samples of eels from the various strellDls
are given in figures 1 to 5.

As already stated, the Bennett brook collections took perhaps all of
the eels present in 100 yards of the headwaters of the stream. Numerous small
eels or elvers, less than 90 Mm. were not collected in the Nigus brook, a
condition which is reflected in the histogram for this stream (fig. 1).

Four of these rivers (Le. 'lxcluding the Bennett brook) are direct
tributaries of the Petitcodiac river; but whereas the collecting area for the
Nigus was immediately adjacent to the wain river, those of the remaining streams
were removed from it by a varying number of miles. This accounts for the
numerous elvers present in the Nigus as compl\red to the other strellDls. A useful
comparison of the sizes of eels present i~ a small and a large stream can
better be made, therefore, by comparing the frequencies of size groups above,
say, 120 Mm. This hae been done, on a percentage bas.is, for the Nigus and the
Pollett., as shown in figure 6. This comparison demonstrates that the sllaller
streaJ:ll had relatively mori small eels (say up to 16 CIIS.) and fewer larger eels.
The converse holds true for the larger stream. It has been suggested above that
tqe density of populations of eels is governed in part by the physical character­
istics of the stream bottom and this in turn influences the .Sizes of eels present,
as it provides suitable territory for them.

The largest eels werll taken in the Pollett'river, but very few eels
with a total length greater than 35 cms. were found in any of the streams.

The size-distributions of eels in streams can be determined fairly
readily ~rom sampling by electro-fishing•

. The value of such information should be acknowledged in view of
possible critical phases in the relationship between salmon and eel, which may
be determined by the size of the latter.

There are other important aspecte in the knowledge of the sizes of
eels present, as would exist, for example., in the event of the adoption of an
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Size-frequency distribution of 1371 eels r;'moved from lower 625 yards of Nigus Brook;
August-September, 1950.

Notel Eels less than 90 mm. total length were numerous, but were not taken.

Total lengths - 10 mm. classes.



90

80

'/0

Fjlig. 2. Size-frequency distribution of 1373 eels taken in seven sections of
the Pollett River; summer 1950.
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Fig. 3. Size-frequ~ncydistribution of 603 eels taken from the two sections of the
Coverdale River; summer 1950.

plus 1 eel - 551-560 mm.

~o-tal lengths - 10 mm. classes.



Fig. 4. Size-frequency distribution of 173 eels taken in the Bennett Brook;
Summer, 1950.
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Fig. 5. Size-frequency distribution of 527 eels taken in two sections of the
~urt1e Creek; Summer, 1950.
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Fig. 6, Percentage occurrence of eels of size groups 121 mm, and over in a
small stream (Nigus Brook), and a larger river (Pollett River).
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eel-control policy. Investigators would probably rely on a knowledge of changes
in the size-composition of eels as an index of the effectiveness of technique, or
as an indicator of variations in other related phenomena.

Wherever a collection of eels was made in these investigations usually
only the totalll'eight of the sample was determined, as well as the "total length"
for each fish. About three hundred eels were weighed individually, most of these
being a collection from the Holmes brook. These data are inadequate for a
detailed analysis of the length-weight relationship of eels. By employing weighted
averages, it has been possible to make certain' comparisons between the possible
potential production of eel fleeh in several different streams.

The difference in the weight of the standing crop of eels that might
be supported by small and large streaml1 oan be demonstrated by comparing the
data of the Nigus brook and Pollett ntver.

The average length of eels taken in the Nigus brook was 18 elliS., and
that for the Pollett 20 ems. On the basis of the Holmes brook weight data, 18
em. eels averaged 8 gms. and 20 om. eels averaged 14t gms. in weight. An
estimated total of 5316 eels per acre on the Nigus gives a weight of 43 kilos.
or 95 Ibs. per acre, and an estimated 620 eels per acre on the Pollett, a
weight of 9 kilos. or 20 Ibs. per acre.

The following rough estimates, similarly derived, are for the five

Mean width 1Jeightper 1Jeightper
StrellDl yds. acre-kilos. acre-lbs.

Bennett 1 69 152
Nigus 2 43 95
Turtl~ 10 11 24
Coverdale 17 5 11
Pollett 23 9 20

No correction in these estimations has been made for incompleteness
of count for the Pollett, Turtle and Coverdale rivers where, as previously
discussed, probably only about two thirds of the eels preaent were taken. How­
ever, the differences are so great that they 'lDuld still demonstrate the
probable heavier weight of eel flesh supported by small streams as compared to
large streams, effected by the former having many more, though smaller, eels
per unit area.

Fish predation by eels

When the eel is referred to as a predator the fish usually involved
as prey are the trout and salmon. Because these are esteemed fish, it is possible
that e~l ~P'iedations are sometimes exaggerated. Nevertheless, many observations



both in this and in other countries suggest that the eel may truly be a hazard
to ths optium prodv.ction of more valued fish. Without doubt eels do feed on
trout and salmon as eggs, alevins or young fish. When a knowledge of the
abundance of eels in streams is added to such observations it is little wonder
that those interested in the cultUl'le of salmonid fishes have been perturbed.

Several reco:rds of fish predation by eels particularly on trout and
salmon have been made by Frost (1946) and Menzies (1932). Cairns (1942b)
has particularly emphasized the depredations of the longpfinned eel upon adult
trout and upon s'llmon.

In Canada eel predation has been recorded in several instances. Whits
(1935) has frequently found the remains of salmon and trout in the stomachs
of eels. On one particular occasion he took an eel from a New Brunswick lake,
in which a dense planting of salmon fry had been made earlier on the same day
that had 429 of these fish in its stomach - a useful observation on the stomach
capacity of a large eel. Elson (1941) hae suggested that the loss of more than
95% of salmon fingerlings planted the previous year in two Nova Scotian streams
had been due largely to predation by eels.

EelS ~ay perhaps begin to predate upon other fish, or their eggs, during
their second or third year in fresh water.,. White has told (inconversation) of
finding eels which had fed onsalmonsock-fryfromreddsj and Mr. JamesCattof
the Department of Fisheries at Saint John, N. B. has described how he has observed,'
at night by the aid of a light, the tails of eels protruding f,rom the stones of
newly made salmon redds. -

Elson (1941) gives a length of 15 ems. for the sliallest eel in which
he found Salmon fry remains and the writer took two eels of the same size
of 15 ems. which had eaten salmon fry, in the Coverdale river last summer.

&s will be described later, the eel in streams is primarily dependent
upon the bottom insect fauna for its food. As it grows larger, however, it
doubtI~ss has to rely more on a heavier diet such as fish would provide. This
is certainly the case with the New Zealand long-finned eel, as Cairna (loc. cit.)
has described. Eels taken in the smolt traps on the P'etitcodiac river during
the smolt run, almost invariably had one or several of these fish in their
stomachs. The occurrence of trout with eel teeth marks on the'ir sides is common
in New Zealand and has often been ,observed in this country (White, in conversation,
anci by the writer).

First-hand information on the food of eela in streams was sought last
summer through a series of night collections of eels by electro-fishing. These
collections were made on the upper reaches of the Kennebecasis and Coverdale
rivers (the former belonging to the Saint John Rivsr system). They will,
unfortunatsly, add little to the knowledge of the predatory activity of the eel
in salmon streams for several reasons. Inthsfirstplace, by the time it first
becue possible to make the collections, the salmon fry had probably alrsady
emerged from the redds and were dispersed throughout the streaJII. Thus the
period of emergence (about 10 days), which might well be a critical period in
the eel':'salmon relationship, was probably missed. In the second place, an almost



total ignorance of what salmon spawning takes place in these waters limits any
observations t"'O being little more than qualitative. And finally, probably few
salmon !lllawn in the areas fished, so that these territories are really unsuitable
for this particular phase of enquiry.

Se'Teral hundreds of eels were collected, and all have been preserved
for laiier examination. Detailed analyses of stomach contents hsve yet to be
made, but to date .302 stomachs have been opened, briefly examined and their
conteniis tr!l11sferred to vials. Only a few of these stomachs (about 5%) had fish
remains and fewer had the remains of either trout or salmon. The bulk of the
food consisted of the immature stages of insects.

Though further observations of the food of eels in streams is desirable,
a more urgent need is for quantitative determinations of the rate and magnitude
of predation by eels and of the change in the survival of young salmon under
conditions where the eel has been removed. To this end some suggestions for
experimentation are given here.

1. (a) Select a stream where the numbers of naturally-spawning salmon are
reasonably high;

(b) Where it is possible to estimate potential fry produetion; that is,
obtain an absolute count of female spawners and estimate egg deposition and fry
production on the basis of previous research;

(c) Determine by electro-fishing the numbers and sizes of eels present;

(d) Determine prodilctiorl and loss of fry, parr, and smolt by seining,
electro-N.shing and trapping.

2. Compare salmon production and loss in a similar manner in a suitable stream
where there are no eels or from which they have been removed •

.3. (a) Census the eel population in a suitable stream by electro-fishing;

(b) Plant salmon fry or fingerlings and follow up by a series of night
collections of eels, such that the first collection would be made from stream
section A on the first night, a second collection on the secondnightfrom
another section B, and so on. At the same time determine by electro-fishing
anu/or seining the numbers of fry surviving in each section (this to be done
durin~ the .daytime). _

. (c).Compare,.survi.valJ.,afl;plan~(Lfry In,,stream sect1.0%18 from which eels
bavebeen.relll.Pved.

1'/Jr. Over a period of several years some of these experiments could be modified
1;0 determine variations due to differences in numbers and sizes of eels present
and differences in types of habitat involved.

It is important to note that these experiments call for (a) natural
spawning of salmon for 1 and 2 and (b) census of the eel populations both
prior to and during the experiments.
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The experiments should be designed to record movements of eels into or
out of the area where necessary; and whila they are in progrese observations
should be made of predation under natural conditions. in redde and upon fry and
parr.

Competition for food

The role of the eel as a competitor for the food of trout or salmon
has been described by Frost (1946) for the European eel. Hobbs (1940, 1948) and
Cairns (1942) for the long-finned eel of New Zealand, and by White (1935) and
Elson (1940b, 1941) for the lmerican eel.

Frost hae observed that the food requirements of the eel coincide
appreciably nth those of the brown trout. She adde, however, that the evidence
was lacking to prove that th1e definitely amounted to competition - a condition
dependent upon the availability of food and on the population densities. Hobbs
has described the similarity of the food of the long-finned eel nth that of the
bro\'lll trout, but hesitated to predict the effects of eel control upon the
production of trout. White and Elson have recorded very similar diets for brook
trout and especially salmon and e~lll. Elson (1941) has stated that smaller eele
"compete very seriously" with salmon fingerlings for their food. and that larger
eele "also compete with salmon parr for almost all their food organbme".

Later ecological research has supported Darwin's thesis that the
potentilllrateofincrease of organisms is greaterthanthatwhichtheresources
of the ehvironment can support. with the rellult many are deetroyed by the action
'Ilnd inter-action of a variety of physical and biological factore. Biological
factors are usually density-dependent; that is, the moment and degree of their
action depends partly upon the density of the organisms they affect. Crombie.
(1947) has defined competition as "the demand at the same time by more than one
organism for the same resources of the environment in excess of the immediate
supply·. It may be assumed that the terme "at the same time" and "immediate" are
relativa, since situations exist where one organism may feed at a different
time from the other, upon a supply of, food that is for both to share.

It is a biological principle that two distinct groups of animals.
whose environmental needs are identical, cannot eurvive together in the eame
place. From this it follows. that the degree of competition for the resourclle
of the environment will increase as the similarity of the needs of the two
groups coincide.

In the case of the eel and salmon in streams, the following facts
suggest that competition for food between the two constitutes a biological
factor which limits their survivals (a) the potential increase for both
species is great, (b) they live together. whio, sl,lggests (c) that they
have certain physiological needs and characterirtt~cs in common and
(d) they eat the same, or almost the same. food. Now it is also possible
that these relationships may be eith.er intensified or alleviated by the
simultaneous action of other factors Df the environment. such as intra­
specific competition. or the predatory activity of the eel upon salmon.
Nevertheless. the question is posed as to whether, because of certain
aimllaritiesofneedsandfunction.theeelcompetesforthefoodofthe
salmon on a level which limits its optimum production.
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Competitive relationships between organisms are usually highly complex
and difficult to determine. The practical needs of this investigation, at least
in its early stages, would perhllPs be satisfied by defining the new status of
salmon in an environment where the actions of the eel, both as a competitor and
a predator, have been controlled. To this end the experimentation suggested for
a study of eel predation would suffice. Additional observations would be
necessary to obtain some distinction between the effects of both factors. In
the event of increased numerical survival, which might be anticipated as resulting
from the removal of the predator, it would be necessary to observe at the same
time whether loss in weight and reduction in growth rate had followed as a
result of the intensification of intra-specific competition. If II slowogrowing
fish remains smaller throughout its sea, as well as its fresh-water life, a
relative loss in the ultimate production of salmon flesh will have been effected.
It would be necessary, therefore, for the investigation to deteI'1lline whether by
iJ;lcreasing the numbers of young salmon surviving in the streams, the total
production of adult fish had been increased, or to define a new balance at which
this might be attained.

The night collections referred to in an earlier section will provide
some additional data on the food of eels when they have been analysed. From
the300stomachsopenedtodate(fromthesecollections)thefoodofeelsin
some Petitcodiac streams was found to consist mestly of the immature stages of
several groups of insects, mayfly nymphs (Ephemerida). stone-fly nymphl
(Plecoptera) true flies (Diptera) and caddis worms (Trichootera) and of the
cOllUDon earthworm (Lumbricus).

Predation upon eels

By trout and salmon

Though there have been various' records of salmon and trout
feeding on eels, the general opinion is that the effects upon eel populations
are negligible. Frost (1946) has described heavy feeding by trout upon
alScendlng elvers, and predation of insignificant consequence by trout upon
small and adult eels. Hobbs (1948) and Cairns (1942b) consider the predation
by' brown trout upon long-finned eels to be of no importance.

The mosthportant fish predator upon eels is perhaps the larger eel.
Eels apparently feed 'neav11y upon the elvers during their ascent into fresh
water (Day, 1941, and White, in convereation). It is of interest to note
that though the eel is primarily a nocturnal feeder, they may feed actively
in broad daylight upon the abundant supply of migrating elvers, even though
the waters, at that time of year ~spring), are relatively cold.

White has stated, in conversation with the writer, that the
occurrence of eels inthe!i>omachcontentsofmanymergansersandkingfishers
which he has examined was, with occasional exceptions, of minor importance.
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Though quite a variety of animals may at times feed convenienUy
upon eels, and especially the elvers. (Menzies, 1936 even mentions rats) no
importance is attached to such predation in terms of its posSibly limiting
the sizes of eel populations below that which their environments could support.

Movements of eels

1n the spring these tiny fish enter fresh water from the estuaries
to ascend the coastal rivers in countless thousands, In certain parts of'­
Europe they are regularly flehed for food and in some cases for transplanHng
to inland waters to provide for important freshwater eel fisheries'(e,g. the
River Bann, Northern Ireland, Menzies. 1936). The entrance of elvers into the
Moser river in Nova Scotia has been described by Day (1941).

Characteristics often typical of elver runs are as follows:
(a) they usually enter with the tide and at times of spring rather than,neap
tides,' (b) they run in dense masses. generally near the water surface and close
to the river banke. (c) in certain places night runs predominate whilat in others
runs occur as much during daylight. (d) elvers in a run exhibit almost complete
disregard for disturbances. a pattern of behaviour which soon changes after they
enter the fresh water. '(e) they are able to surmount or to by-pass most obstacles.

In certain localities elver runs are less distinct than has just been
described. and they arrive in a state of dispersal rather than in a great
concentration. Though the earliest entry of elvers into thePetitcodiac was
not observed last summer. later entries were rather of this type. Heldt and
Heldt (1929a) have observed that the arrival of the elvers at the ~c de Tunis
in North Africa is in a dispersed state ("arrives' en ordre disperse") and
contrast it with the entrance of elvers into the River SidioDaQud (1929b),
which lies to the eastward of the Lac d~ Tunis. on the coast (1t.Ollte's en
masses ••• ,., •• "). Thesewritersatt1!lbutethedifferencesinthllc~c;ter

of the elver runs to the influence of 'fresh water in the coastal waters.

In the Petitcodiac river, though elvers were first reported in late
May, t.h~l. ~;rs not observsd by the writer until in early June. During these
obs.el'vat,ililie they were never seen to ascend at a rate greater than 5 per minute.
The~' were usually ssen resting on flat stones. partly buried in ths mud or
swimming up-strsam. They were easily disturbed and would respond by quickly
hiding under stones or weeds or by swimming out and down into deeper water.

-, Though such observations were made immed1e.tely above tide level. as well
as higher up the river. they can hardly refer to elver "runs" as the term
is usually employed (for example by Frost. 1950).

Recently-entered elvers in the Petitcodiac were partially
transparent, and were pigmented along the back. The process of pigmentation
in elvers is influenced by a variety of factors. a topic which is discussed
in some detail by Bertin (1951).
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Though records of actual distances have not yet been encountered in
the literature, the inference gained from several accounts (Menzies, 1936,
Frost, 1950, Bertin, 1951) is that elvers can travel far up-stream during their
first summfn". In the Petitcodiec rivers the year's elvers have been taken up
to 15-20 miles above tidal waters. That these small fish were probably elvers
isbaseduponthefollowingobservationsl

(1) The otoliths of 23 elvers recently entered into the Petitcodiac showed two
very distinct opaque rings (either or both of which mayor may not have been
annual rings). These elvers ranged in total length from 54-105 rom.

(2) Small eels, less than 100 rom. !lnd having but the two opaque rings in their
otoliths were taken at points up to 15-25 miles above tidal water in the
Petitcodiac River,

(3) The variation in total lengths among elvers of a particular run is great.
Furthermore, the period over which they enter from the sea into the main river,
and thence into tributary streams is prolonged (probably several months). Again,
as the season progresses, the average length of elvers in a run decreases, a
phenomenon described by Menzies (1936), and attributed by him to prolongation of
the metamorphic processes; and illustrated also by Heldt and Heldt (1929a), who
employ the term "reduction de m~tamorphose".

These conditions must account for particularly great variation in the
sizes of the year's eels that may. be present in certain streams. It might even
bethatcertainlarge,newelversequalthelengthsofsmall,late-enteredelvers
of the previous year.

(4) Total lengths of small eels, most of which were probably elvers, that were
taken in different streams at various distances above tidal water, are given in
Table IV.
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Small eels

Cairns(1942a)andHobbs(194!!)haveobservedthatsmall,"10ng-finned"
eels make regular secondary, up~stream mOvements during late summer or au'umn.
cairns has .suggested that these movements of small eels from the lower to the
upper reaches of a river, which occur in January and February (i.e. summer) are
correlated with the entrance of elvers into the freshwater in October,November
and December (i.e. spring). He has described the secondary movement as a well­
define(i m'lgrat1on, which in certain localities, being antiCipated annually, is
o~erved with constant regularity. .

The writer witnessed a similar movement of small eels in the Pollett
river last mid~August. Numerous small eels were swimming up stream at various
depths across the width of the river during a hot, summer afternoon. As far as
could be judged, the sizes of these eels ranged from about 15 to 25 ems.

These movements may prove useful to the devising of methods for the
control or elimination of eels. Cairns and Hobbs were able to observe these
migrations through the action of natural barriers across streams, which so
-temporarily halted the movements of these fish, that they could be seen
in concentrations below them. In the absence of suitable natural barriers,
it should be possible to erect temporary barriers across streams to allow
periodic observations in changes in the numbers of eels below them or even to

. create convenient conditions for destroying them.

Down-stream migrations

Down-!!tream migrations of eels, usually in the fall of the year,
occur annually in many countries. They are generally termed spawning migrations,
since most of the eels are silvered, are presumably maturing, and are considered
t-o be making the initial stage of their journey to the south Atlantic spawning
-grounds.

Smith (1951) has operated traps at the exits of certain New Brunswick
lakes I.I.nd over a period of several years has been able to record annual movements
down-stream from the lakes each spring. The runs were made up of small and large
fish and, to the writer's knowledge, none were silvered.

Though in this investigation there has been opportunity to make only
a few observations on these migrations, it has been noted that they involve not
only silvered eels, but yellow eels, many of them quite slDall and certainly far
from mature. This fact has also been noted by Smith (loc. cit.).

lfhat the destination of these eels is and whether they Illl enter the
estuaries is not known.

In mid-September last year a trap was erected on the Anagance river
at Petitcodiac, with the intention of capturing seaward migrating silver eels.
It was designed after the description given by Day (1948) but included some
modifications. The trap operated from September 19 to November 17 except for
several·days during very high water. It was examined nightly and on several
occasions hourly for several consecutive hours. Day visits were made frequently
but almost invariably fish entered only during darkness.



The following fish were taken

Range in size. 153-550 mm. ~ g 260 mm.
Greatest number in one 24-hour period - 11
Average number per day - 1,5
Number distinctly silvered - ca. 10
Taken first on first day of operation

Lampreys -1509 til distinctly silvered
Greatest number in one 24-hour period - 321
Average number per day (while they ran) - 60.4
Duration of run. October 12 to November 5

Lampreys were frequently obllerved entering the trap. They invariably
entered it after dark and none were obs'erved migrating during the daytime.
'fhey usually swam within 6 to 8 inches of the surface of the water. in mid­
stream,andwerealwaysheadeddown=stream.

The trap was not designed to take fish other than eels. having wings
only 18 inches high off the stream bottom. That so many lampreys were taken
would suggest that the run was at least well sampled.

Salmon parr - 72 All ripe males
Size range. 87-l87mm•• x e 122mm.
Greatest number in trap. 24-hour pet'iod - 11
Appeared in trap October 15 to end of operation

A sfngle examination of scales from these fish showed tMt one third
were in the 2+ and the remaining in the H age groups. One fish of 87mm. was
in its first year and was ripe.

Other fish - Besides small numbers of several species of. mi'nilowl!I and many
suckers. 10 trout were also taken. 2 of which were ripe males
and 2 ripe females.

It is possible that the trap did not fish successfully for eels,
though this is unlikely for the following reasons - on many occasions it wal!l
examined hourly for several hours during the night; it operated after rain
and during all but the highest water; it took a large number of lampreys and
other fish for which it was not designed, and which had every opportunity to
avoid entering it. The trap may have been set after the peak of the run had
passed and it is also a possibility that few eels ran there last year.

Movement of eels into a cleared section of stream

Eels were systematically removed by repeated electro-fishing in
sections of two streams and subsequent periodic checks were made to determine
what replacement had occurred.

Bennett brook. The first experiment was conducted on the upper Bennett
brook and was designed also to make observations on the feasibility of marking
eels by branding them.

-18
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All possible eels were removed from a 100- yard section of the stream
by repeated electro-fishing. At the same tim. 50 eels were branded and returned
to the same water from which they were taken•• tr.. stream sections 50 yards above
and 50 yards below the cleared section.

Subsequent checks by electro-fishing in the cleared area and adjacent to
it over a period of two months indicated that only a few of the marked eels had
wandered out of their area and that there had been very little movement of eels
into the cleared 100 yards. A summary of the results of these tests is given
below.
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igus brook. By repeated electro-fishing, the attempt was made to
remove ul eels from the lowermost 625 yards of this stream ( excepting eelll
lellllthan90mm.). The numbers of eels taken in eachattellpt have been
sUlllJllarizedinTablel,shownearlierinthisreport.

The final treatment to the experimental 625 yards was given on
November 23 when only 7 eels were taken from the upper 225 yards. 1lhen an
additional and adjacent 50 yards was electro-fished for the first time on this
day, 45 eels were taken, and a further 16 on the following day.

, summary of the different collections is as follows:

Collection No.

The contrasting abundance of eels in the 625- 0 "675 yard section
fished for the first time on November 23 demonstrated that during the period
concerned (mid-lugust to late November), there had been little or no movement
of eels into the cleared area.

Of course, these observations are good only for the period they
refer to. Eels not only make the periodic migrations already mentioned,
but they may also make less defined movements in streams, particularly, no
doubt, during times of flood (as Elson's trap records in Nova Scotian
streams would suggest, Elson, 1940c, 1941).

In mid-January of this year, when ice had formed along the banks
of the Nigus, it was again electro-fished for eels. None were even seen in
275 yards of the cleared section; and none were seen in the next, previously
unfished 250 yards. The small generator was used which delivered
approximately 125 volts at half an ampere. Whether no eels were then
present in the area or whether they were there but could not exhibit
galvanotropic response is not known. But in the same month and in water of
similar temperature, eels were readily electro-fished from the deep mud of
a pool in the river at the St. John hatchery. This pool, however, was



fed by a selVage pipe which carried considerable organic matter and such refuse
as pieces of liver left over from the trout feed. Furthermore, at the St. John
'hatchery the large generator was used which delivered 575 volts at about 1,7
amperes.

Several years of observations would be necessary before the complexities
of the movements of eels in streams could be explained. The information provided
here, however, may prove useful, as for example, when optimum conditions are
being sought for the planting of young salmon and trout. At the right time of
year a stream cleared of eels would probably remain relatively free of them
over a per~od critical to the planted fish.

Up-stream autumn movements of eels from salt water

The writer has no first-hand observations to record here, but the matter
is of sufficient interest to the investigation to warrant some discussion.

Under certain conditions, apparently, yellow eels leave the estuaries
or the sea and enter into fresh water. They do this during the fall of the year
and presumably hibernate in fresh water throughout the winter months. Menzies (1932)
referring to his observations of the eel in United Kingdom waters, has said that
"considerable numbers of eels feed either in eliltuarial or in salt water and as
winter approaches, some move up stresm to hibernate in fresh water".

This type of movement has been observed in certain Nova Scotia streams
by White (in conversation with the writer) and also, according to a first-hand
report given to him, such a movement occurred last November in a stream of
Albert County, N. B.

In a reply to a recent letter from Dr. J. C. Medcof of this Station,
the Fisheries Inspector at Arichat, N.S. has stated that regular runs take place
each autumn from the sea into the River Moulin, the River Habitants and the
Grand Lake brook of the south shore of the province. These eels are trapped
by locsl fishermen for food.

Several years ago a fishel'l\lan of Musquodoboit Harbour, Halifax County,
N.S., Mr. CharlesT. Young, described to Dr. Medcofhishavingobservedone
night the crossing of eels from the sea over a bar which separated a freshwater
lake from the sea. In a recent letter to Dr. Medcor, Mr. Young has stated,
as best he could remember, some of the features of this incident. It took
place during the autumn and on "a foggy, wet night". The bar was stony and
grassy, was about 50 yards wids, and at its highest point was about 10 feet
above the level of the salt water. He recollects that there were "dozens" of
eels both large and small, and that he saw several actually enter the pond.
This pond has no outlet to the sea at this locality and is a muddy pond of
about 3 acres.

The hibernation of eels during winter is a commonly-known
phenomenon. In estuaries, .for example, at the approach of winter they bury
themselves in groups in mud which will not be exposed at low tide. These
"eelholes"canbeseenandrec.ognizedandarefishedinsomelocalitiesby
spearing the eels. Cairns (l942) has stated that besides commonly finding
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eels buried in the mud of rivers during the winter, other evidence of their
hibernation is in the fact that they are no longer to be seen actively feeding
in the rivers and that the catch of eels in pots set in streams ceases during
the winter. According to him, also, a fell' eels do continue to feed throughout
the winter.

Japanese workers have correlated the reduced feeding activity of eels
with lower water temperatures (Cairns, loco cit.) 'lnd the hibernating act may
bea survival response on the part of the eel against starvation. The slowing
down of metabolic activity in response to certain unfavourable conditions of the
environment seems to enable the organism affected to resist such conditions.

The responses of the eel to cold water temperatures are in keeping
with the view that the genus is of tropical origin, (Schmidt, 19.32). The eel
has also, apparently, a high thermal tolerance, for according to White (in
conversation) he has observed them actively feeding in warm waters that were
almost lethal to Atlantic salmon. The adaptive capacity of the eel to the
cold temperatures of northern climates has doubtless contributed to its
abundance there.

~

The sex of eels inhabiting fresh water has been a matter of
controversy for many years, and for this reason the writer was attracted to
attempt the identification of the sex of eels in Nell' Brunswick streams. The study
is still in progress and the results to date are not suitable for presentation
here. However, the writer feels confident that the presence of male eels in
streams can be identified.

An excellent summary of the history of sex studies of the eel is given
by Bertin (1951). The most thorough research, employing cytological and

histoloi[ical techniques is that by d'Ancona (194.3). This work is in Italian,
but has an English summary and a large .number of excellent photomicrographs.

Age determinations from scales of the eel are ambiguous and uncertain
(Hornyold, 19.37; Frost, 1945; Smith, 1951). The use of otoliths has been
especially recommended by Hornyold (opp. cit), though the method is rather
tedious. The writer has removed and prepared otoliths from a little over
200 eels. Most of these have still to be read.

Every otolith that the writer has so far examined has around its
central nucleus two distinct, opaque rings. This is the condition of elvers,
whose otoliths sholl' only these two rings. Noll' according to Schmidt (1922) the
American elver is in its second year when it enters fresh water. Perhaps,
therefore, if ene of theee rings is an annulus the other may represent a period
of retarded growth, such as might occur during the non-feeding process of
metamorphosis, frem Leptocephalus to small eel.
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Electro-fishing in the vicinity of developing fish eggs

In view of the increasing use of the electro-fishing technique in
streams it has seemed desirable to determine whether the electric shock
generated might be harmful to developing fish eggs, For this reason a series
~f experiments has been carried out during the winter, in which observations
were made of the effects upon salmon and trout eggs in different stages of
development when the two D,C, electro-fishing generators were used in their
vicinity, The output of the larger of these machines when used was about
500voltsst2amperes,andthatofthesmaller,aboutI25voltsathalfan
ampere, These two machines and their use have been described by Smith and
Elson (1951) ,

The scope of the experiments has had to be modest since neither the
assistance nor facilities for very detailed technique could be spared, The
emphasis of investigation has been on the practical, and although experimental
precautions and controls were adopted, the tests were designed to define limits
of safety in electro-fishing, rather than as a study of electronarcoais,

M9st of the tests were made at the Saint John fish hatchery where
outdoor concrete troughs were available and were suitable, Eggs available at the
hatchery were trout (Salvelinus fontinalis) salmon (land-locked .Selmo salar)
including stages from early cleavage to near-hatching,

A few preliminary tests \'fere made at Petitcodiac, using eggs obtained
from a single female salmon trapped in the Pollett river, which had been
fertilized by a male from the same trap,

The Petitcodiac eggs were placed in perforated celluloid cylinders which
were then set on the stream bottom in 6 to 8 inches of water, The positive
electrode was held at the surface of the water, at the required distance, and the
switch closed for the required duration of shock, One set of eggs was buried in
thegravelofthestreambedandthenshocked,theintentionbeingto simulate
eggs in a redd,

At the Saint John hatchery, samples of eggs were placed in shallow
glass stendors which were then set on the bottom of the trough in about 7 to 8
inches of lISter, They were arranged at various horizontol distances from the
positive electrode,

After treatment most of the eggs were retained for observation in the
indoors running-water troughs,

Determination of the effect of electric shock

The "death" of a salmon or trout egg is frequently followed by the
appearance of a characteristic opaque, white spot, which spreads until the whole
egg is "hite, This is pres~ably due to coagulation of the yolk, When the
recently-fertilized Petitcodiac eggs were shocked, the white spot developed within
a few minutes, up to an hour or more, depending apparently upon the severity of
the shock, For this reason it was originallythoughtpossibletousetheappearance
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of the white spot as a criterion of the death of an egg. In the case of eggs
reoently fertilized this test is probably rsliable. However, the criterion is
1... valid as eggs proceed in development, since apparently the time of
appearance of the opaqueness will vary with the stage of development of the
egg. With "eyed" eggs, for example, Mr. K. S. Shellington, Manager of the Saint
John hatchery has stated that these may be dead for a week or more before they
begin to turn white.

For these reasons most of the eggs were retained at the hatchery after
treatment,. Though it was not possible to check these eggs as carefully as an
ideal experiment would warrant, arrangements were made for onB of the hatchery
employees to pick out and record the obviously dead (white) eggs from the samples
onee a week.

An attempt was made to get some idea of the time of appearance of the
white spot in dead eggs. Samples of eggs in different stages of development
were dropped to the concrete floor from a height of' about 8 feet and these eggs
were then held in running water for observation. The tests were unsatisfactory
since most of the eggs were not killed by the fall.

Probably the only 5ure and reliable means of determining if an egg has
been killed by electric shock would be by microscopical examination for cessation
of circulatory movement. It was suggested to the writer by Dr. H. I. Battle that
by this means a chart could be drawn up demonstrating the average time of
appearance of the white spot in dead eggs of different developmental condition.
However, it was not convenient to carry out such a programme at this time.

The effects of electric shock have thereforebeendescribedonthe
basis of comparing the number of dead eggs in treated samples with controls.
Though dead eggs were recognized 'by their whiteness, the first appearance of the
white spot could not be used to indicate the time of death, for the reasons given.

Some of the eggs treated have already hatched, and those still living
and unhatched are held at the hatchery. In terms of the practical objective
originally desired, the results to date are sufficient to indicate certain
conditions under which it is probably safe or not safe to use electric shockers,
giving an electrical output similar to that of these tests, in the vicinity of
developing trout and salmon eggs.

Petitcodiactests-Results

All tests were made with the Wolf machine, which delivered 550 volts
at 1.7 amperes.

Test Ill. November 27th, 1950. Holmes Brook. Salmon eggs.
Incubation period, 5-6 hours (pre-cleavage)
Distance,6inches
Duration, 25 seconds
Samplesize,50eggs
Results: At the end of 1 hour no eggs had died (i.e. no white

spot). Ineggsatthisstage,thewhitespotcan
appear very rapidly after death.



Test #2. November 27th, 1950. Holmes Brook. Salmon eggs.
Incubation period, 5-6 hours (pre-cleavage)
Distance,6inches
Duration, 2 minutes
Sample size, 48 eggs
Results: Several eggs showed white in less then 10 minutes.

1t end oflhour39 or 81% had died.

Test #3. November27th,1950. HolmeeBrook. Salmon eggs.
Incubation period_ 5~6 hours (pre~cleavage)

Dietance,6inches
Duration, 2 minutes
Sample size, 50 eggs
Eggs buried in 6 to 8 inches of gravel
Results: After 1 hour 5 or 10% of the eggs had died (Le. were
-- white).

Tests #4, #5, #6. November 28th, 1950. Holmes Brook. Salmon egge.
Incubation period, 28-30 hours (early cleavage)
Results: eeebelow

Teet Sample No. dead after
No. Size 1 hour %Mortality

41 30s;ce. 6 ~ne. 50 45 90
4B 51 49 97

51 1 m~n. 6 ~ns. 50 50 100
5B 50 50 100

61 2 m~n. 6;ns. 50 50 100
6B 50 50 100

50

Petitcodiactests-Diecussion

The results of these preliminary tests with recently-fertilized salmon
eggs may be summarized as follows:

(a) Pre-cleavage eggs may be killed by severe electric shock, but are less
susceptibletheneggsinearlycleavsge.

(b) Eggs buried in gravel may be somewhat "protected" from electric shock.

(c) Samples of eggs in early cleavage given a severe shock suffered total
mortality.

Saint John hatcherr tests

Considerable delays and difficulties interfered with these tests. In
thefirstplace,asthelargegeneratorwasabouttobeusedforthefirst tests,
it was found to have lost its magnetism and had to be taken in for repairs. On
the following days rain fell heavily throughout the operations which delayed the
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work and caused breakdowns in both machines. The large generator again lost
its magnetism after running for part of the day and on this occasion had to be
left for an extensive overhaul.

It became evident that the original plans for the experiments would

~~:: ~~o~:s:~~i~:dciec~~~~et:h~e~~~~t~~~!~~;~;;n~fa~:g~e:~;i~;m;ieeZ~:o:;Oa
to 20}, and to dispense with repetition ana replication of tests and samples
and to rely more on a general, overall comparIson or-treated samples with
controls. Furthermore, it was hoped -that-liiter tests would supplement the
earlier observations and thiB has, for the most part, been realized.

Types of eggs used

The different types of eggs used were as follows:

December 9th-11th. Type 1. Trout. Early cleavage.
Incubation period, 6 days.

Type B. Trout. Late cleavage.
Incubationperiod,27days.

Type C. Trout. Late eyed; about
60 somites. Incubation
period, 44 days.

Type D. Salmon. Eyed; about 40
somites. Incubation period
274' days.

February 12th-13th. Type AI. Salmon. Body almost completely
formed.

Type il. Trout. About to hatch.

Type Cl • Trout. Early eyed.

Type Dl. Trout. Similar to Salmon AI.

A description of the tests made.~s given in the following summary:

Series A. December 9th, 10th, 550 volts, 1.7 amperes.
Egg types used, A, B, C, D.
Distances employed, 1, 3, 6, 12 feet.
Durations employed, 30 sec., 1 min., 3 min.,5 min.,

30sec.repeated6timesatlO-sec.intervals.
Total number of tests, 48.
Sample sizes, 20 eggs.

SeriesB. DecemberlOth,llth. 150volts,O.6amperes.
Eggtypesused,A,B,C,D.
Distances employed, 1, 3, 6 feet.

Durations6e~~~~e~t ~O~:~6: in~;~;l;~ sec. rePllated
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Total number of tests, 28.
Sample sizes, 20 eggs.

~. ~::~yp~ ~;:t A1~OBl~1~~: ;i~ amperes.

Distancesemployed,1,3,6,12,21feet.
Durations employed, 1 min., 5 min.
Total number of tests, 40.
Sample sizes, 50 eggs.

Series D. February 13th.
Egg types used, Alevins (trout).
Distancesemployed,1,3feet.
Durations employed, 1 min., 5 min.
Total number of tests, 5.
Samplesizes,20alevins.

Saint John Hatchery tests-Results

550volts,1.?amperes.

Controls. 50% mortality within 26 days. No further mortality.

Type A. Duration, 30 sec. 50% mortality within 24-48 hours
atl,3,6feet.

1 min. 50% mortality within 24-48 hours
at 1 foot. Total mortality within 26 days
atl,3, 6 feet.

3 min. 50% mortality within 50 min. at
1 foot. Total mortality within 24 hours at
1 foot. Total mortality within 4f> days at
3, 6 feet.

5 min. at 12 feet only. 50% mortalit1 within
8 days. Total mortality within 75 days.

30 sec. repeated6timesatlO-sec. intervals.
50% mortality within 18 days. Total mortality
within 56 days.

Eggs of Type A (in early cleavage) were apparently killed during

;~: h~~~~SS;~e;f..~~~n~;~~a~~dk~~~;~gb;h:~e~~e~~ :~~~:l~~yt~nat~~s~~~~:o~~
12 feet, the maximum employed. It is. impll!sible to disUpguish clearly between
the effects of electric shock and of handling, but the results do suggest that
such eggs may be highly susceptible to any form of shock.



Type B,

25% mortality within 26 days, 50% within 56 days,

Duration, 30 sec, Total mortality within 24-48 hours
at 1 foot, 50% mortality within 24-48 hours
at3,6feet,

1 min, 50% mortality within<:24-hours at 1,
3 feet, 50% mortality within 24-48 hours at
6,12feet,

3 min, 50% mortality within 50 min, at 1 foot,
Total mortality within 46 days at 3 feet, 50%
mortality within 24-48 hours at 6 feet.

5 min, at 12 feet only, 50% mortality within
8 days,

30 sec, repeated 6 times at 10-sec, intervals,
6 feet only, 50% mortality within 46 days.

Type B eggs (late cleavage) may also have been injured during handling.
They were killed 1)y severe electric shock up to the maximum distance tested of
l2feet,themortalitybeinghigherthelongertheshockandtheshorterthe
distance.

No mortalities, all finally hatched,

Type C. Duration, 30 sec, 1 dead only in 3 months at 1, 3, 6 feet,

1 min,.c.50% mortality within 26 days at 1,3, 6
feet, At 12 feet 1 dead only,

3min,.c.50%mortalitywithin26daysatl,3,6
feet,

5 min, at 12 feet only. <50% mortality within 26
days,

30sec.repeated6timesatlO-sec,intervals.
(50% mortality within 26 days,

Type C eggs (eyed trout) were susceptible to very severe shock, but
mortalities were relatiyelylight,

Only 1 dead after 3 months (5% mortality)

Type D. Duration, 30 sec, <50% mortality in 3 months at 1 ~oo~.

50% mortality in 3 months at 3, 6 feet,

1 min. 50% mortality within 24 hours at 1 foot,
<50% mortality in 3 months at 3,6,12 feet.
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3 min. Total mortality within 24 hours at
1 foot. 10-20:' mortality in 3 months at 3,
6 feet.

5 min. at 12 feet only. 20% mortality in 3
months.

30sec.repeated6timesatlO-sec.intervals­
5% mortality in 3 months at 6 feet.

Comments

Type D eggs (eyed salmon) were killed by severe shock at short distances
but were not seriously affected at distances of 6 feet or more.

SeriesB.150volts,0.6amperes.

Types A, B, C, D - mortalities during 3 months were either less than
or approximately equal to those in controls. Thus it cannot be stated definitely
that eggs were killed by the electrical shock. This applies to distances of 1,
3 and 6 feet for durations of shock of 1 min., 3 min., and 30 sec. repeated
6timesatlO-sec.intervals.

SeriesC.550volts,1.7amperes.

Mortalities occurring during the period of observation to date (25days)
were as follows:

One dead in 2 lots of 50 eggs. (1% mortality)

Typell • Duration,lmin.2%mortalityatl,6,12feet.
Zero mortality at 3, 21 feet.

5 min. 2% mortality at 6, 12 feet.
Zeromortalityatl,3,21feet.

Following the tests, several eggs in different samples were seen to be
still alive. There is no sure indication that any deaths occurred as a direct
result of electric shock with these salmon eggs of an advanced stage of
de"velopment.

Two dead in 2 lots of 50 eggs. (2% mortality)

Type Bl • Duration, 1 min. 2% mortality at 1 foot. Zero mortality
at 3, 6, 12 feet. 4% mortality at 21 feet.

5 min. Zero mortality at 1, 3, 6, 12 feet. 2:'
mortality at 21 feet.

Comments

With Type Bl eggs (trout, about to hatch) no mortalities can be
attributed directly to electric shock. In each sample, most ofthe eggs have
,boo ho',hod ond .1~loo .pp.., ,~"". /
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COl/t.T91s.0nedeadin210tsof50eggs.(1%mortality)

T,)'P~ cl. Duration, 1 min. 6% mortality at 1, 6, 21 feet.
2% mortality at 3 feet. Zeromortality
at 12 feet.

5 min. 14% mortality at 1 foot. 10%
mortality at 6 feet. 4% mortality at 12
feet. 2% mortality at 3, 21 feet.

Comments

The results for Type Cl eggs (trout, early eyed) are somewhat
ambiguous. However, it seems that severe shock at short distances may have
killed eggs. These eggs are perhaps relatively safe from severe shock at
distances beyond 6 feet.

Controls. Five d,::ad in two lots of 50 eggs. (5% mortality)

Type pl. Duration, 1 min. 2% mortality at 3, 12 feet. 6% mortality
at 1, 21 feet. 10% mortality at 6 feet.

5 min. 4% mortality at 3 feet. 6% mortality at
12 feet. 8%mortalityatl,6feet. 16%
mortality at 21 feet.

Comments

lfith Type pl eggs (trout in advance development) the results do not clearly
indicate mortality due to electric shock.

SeriesD.550volts,l,7amperes.

Controls. Zero mortality during comparable period.

Duration, 1 min. zero mortality at 1, 3 feet.

5 min. Total mortality, probably within
several hours at 1 foot. (All were long
since dead when first examined on 6th day.)
Zero mortality at 3 feet.

In each test the response of the alevins to electric shock was
immediate. They contorted violently and swam sporadically about the dish.
None were seen either to orient in relation to the direction of the source
of the shock nor to move distinctly towards or away fran the electrode.
After t,he first few seconds of the shock they would generally cease moving
and rest, but this would again be followed by further swimming, contortions
and periods of rest.
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The only deaths that occurred were nth the 5 min., 1 foot shock,
and these alevins were still alive, though rather feeble, up to at least an
hour after the shock. When next examined on the 6th day, all had been dead
for some time.

Saint John Hatchery tests - Summary

The following statements are based upon a consideration of th.. results
oftheentireseriesoftestsandareintendedtoindicatetheprobabIe effect
upon developing salmon and 1;rout eggs, of electro-fishing in their vicinity
with D.C. apparatus of similar output to that used.

1. The effects of using a small machine (about 150 volts at t ampere) will
probably not be serious except perhaps in the case of eggs in cleavage or if used
very close to eggs in more advanced stages for prolonged periods.

2. Eggs in early stages of development, particularly during cleavage, will
probably suffer high mortalities from severe shock, such as would be gsnerated
by machines comparable to the Wolf machine (500 volts at 2 amperes), in waters of
similar electrical conductivity.

J. Eyed eggs and eggs in later atages of development are more resistant to
electric shock, but may be killed by very severe shock.

4. Eggs that were about to hatch were not obviously harmed even by fairly
severe shock. Very severe shock would be expected to kill the embryos, however,
since alevins were killed when the larger machine was used at I-foot distance
for a 5-minute shock.

5. !levins, though killed by very severe shock (see 4) suffered no apparent
lasting harm from less severe shock.

6. Certainobservations,notrecordedhere,wouldseemtoindicatethat
premature hatching might follow electric shock which did not kill.

D.C. electro-fishing apparatus with a power output similar to that of
the Wolf machine (about 500 volts at 2 amperes) should not be used in streams
in the vicinity of eggs of valued fish, in the pre-eyed stages of development.
During later development the risk to eggs is considerably less, but close
proximity to redds should be avoided.

Smaller machines (about 150 volts at t amperes) can perhaps be used
with comparatively little risk to the eggs, but again, their use during the early
stages of development of the egg should be avoided.

It is probably quite impractical to use electro-fishing apparatus in
anattempttoattractalevinsoutoftheirredds.

Nigus Brook experiment - Eel predation on salmon eggs in artificial redds

As has already been mentioned, last autumn the lowermost 675 yards of
the Nigus Brook had all its eels removed by repeated electro-fishing. Following
these removals, artificial salmon redds were built in this section of the stream
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and in the upper adjacent section from which the eels were not removed. Five
redds were built in each section, and 1,000 recently fertilized salmon eggs
were planted in each.

If water conditions permit a further 10 redds will be built this spring
in which late-eyed salmon eggs will be planted.

It is the purpose of this experiment to attempt to assess the fry
production from each redd to determine what losses of salmon eggs or !!levins may
have occurred, that could be attributed to predation by eels in the redds.
Attempts will be made to build suitable traps over each redd so that emerging
fry will be taken by them.

If successful, the exper-iment should provide interesting data pertaining
to such predation. However, its value is admittedly limited, first because of the
artificial factors involvllq, and secondly because of the practical limitations
which the design of the experiment calls for.

The artificial redds were built by Mr. H. C. White of the Station and
the writer is pleased to take this opportunity to thank him for his assistance.

A consideration of means of controlling eels shouldreallyhaveinmind
exactly where they are to be controlled and for what specific purpose. This would
be desirable because of such governing factors as their abundance, the range and
variety of their distribution both geographical and ecological, th", '1omplexities
of their movements and the diversity of their relationship towards o~her fish. A
means of controlllng eels in the headwaters of a river for example might be quite
different to one suitable for their control in the lower reaches of a rive!".

In the case of control methods for salmon streams, eels may be considered
in terms of certain relatively distinct groups (a) elvers, entering fresh water
in the spring, (b) small resident eels, that presumably make regular secondary
up-stream mi,grations, (c) resident eels whose movements may be restricted,to some

, wandering and (d) seaward migrating eels, considered to consist for the most part
of silvered eels on their spawning run.

As they are most suitable for each of these groups of eels, either or
both of two general metpods of control might prove effective - denial of access
and systematic destruction or removal.

Denial of access

The dis1;-inct advantage of preventing the access of elvers into streams,
lies in the fact that the continued existence of eels in streams depends upon the
annual recruitment by elvers. Since the eel is catadromous it can be assumed that
in streams which they can no longer enter the remaining population of eels will
disappear eventually, either by death or by movement out of the stream.
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The ultimate elimination of eels would doubtless depend upon the
movement of eels out of the stream rather than through natural mortality in it.
1'he dominant exodus of eels from fresh waters is probably in the seaward movement
of silvered eels, which are assumed to be making the initial stage of their
spa'llIling migration. Therefore, how many years will ls:pse between the time of
first denying access to elvers and that when the river is free of eels will
depend upon the age or size at which eels descend to the sea. Inpraotical
terms, obviously, the desired control may be achieved sooner, when particularly
undesirable size groups of eels have been eliminated eith8!J'·by growth, exodus
or destruction.

The ability of elvers to surmount or by-pass most obstacles is
proverbial. Yet there are both natural and man-made barriers which pave been
s\lcccessful in either completely denying them further access or in reducing the
numbers that successfully pass (Menzies, 1936, Cairns, 1942c, Hobbs, 1948).
Dams and artificial or natural falls whose faces are either too steep, or which
overhang, or dO'llIl which the water flows too swiftly for elvers, have hindered
or stopped their ascent incertainplaceso

Electric fences placed across a stream at strategic sites may prove
to be an efficient means for barring the ascent of elvers. TheFishand
Wildlife Service of the United States has recently awarded contracts to
engineeringfirmsforresearchonelectric,electronicandelectromagnetic
devices for control of the destruction of the sea lamprey. Anelectricfish
screen (the Burkey electric fish screen) is also being tested by that department.

Electric fences may have the distinct advantage of easy construction
and operation, especially in out-of-the-way places, and of economy of operation.
Furthermore, they may perhaps be conveniently erected at sites where dams would
be either unwanted or too expensive an undertaking. An historical summary and
critique of the use of electric fish-screens has been given by Holmes (1948).

Control methods designed to deny access to elvers must take into
consideration that (a) their penetration into the main river and thence into
and up its tributaries may cover a period of several months and (b) that they
can ascend a considerable distance during theirfiret summer.

The regular secondary up-stream movements of small eels may provide
a most convenient opportunity to control them. Such movements need more
extensive observation in this country but it is likely that methods of control
similar to those described for elvers would be applicable.

Destruction or removal

Possible means of destroying resident eels in streams would include
electro-fishing,trapping(baitedpots)andpoisoning.

Regardless of what methods might prove most efficient, none will
achieve the permanent removal of eels from a stream unless barriers are erected
to prevent recruitment.
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When the abundance of eels in streams is considered. it is probably
most unlikely that trapping eels would prove a practical method for control.
Electro-fishing might be usef'ul in small streams or in small sections of larger
rivers if sufficient time and effort were devoted. The repeated use of a fish
poison in a section of stream might proTe to be a cheaper method and sufficiently
effective. Since the eel is primarily active after dark. that would seem to be
the logical time at which to distribute the poison. The main objection to the
method is. of course. that it destroys other fish.

Seaward migrants

Seaward migrants can be readily trapped. but as a control method nothing
would be effected. since the eel presumably does not retUrn after spawning but
dies, and there has been nothing to indicate that their progeny returnto"homen
streams.

Theonlytrulyeffectivemeansofcontrollingeelswouldappeartobe
by denying them access to important streams or sections of such-streams. The
method might be by permanent dams or by electric fences and would be particularly
applicable to elvers and to small eels during their secondarymigrationsup-stream.
Oroefurther recruitment of eels in a stream had been prevented. the elimination
of resident eels could either depend on natural mortality (probably very small)
or movement out of the stream. or on such methods of destruction as extensive
electro-fishing and poisoning.

There should be awareness of the possibility of including in the design
of proposed power dams modifications for barring eels from streams or for fishing
down stream migrants. The same might also apply to more perlllabsnt salmon traps in
the event of their construction for long-term investigation.
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