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A Report on the Eel for 1950-51.

by

H. Godfrey

Introduction

The writer has been employed by the Atlantic Biological Station
darios s lamne and winter of 1950-51 to investigate the eel (Anguil
oniensis LaSeuer)in New Brunswick streams.

This report describes the work accomplished to date (March, 1951),
and also discusses the significance of various observations made, bot!
they contribute to the knowledge of the life history of the American eel,
they are pertinent to the cbjectives of the investigation.

and

For several years a number of Canadian fisheries biologists have
felt that the presence of the eel in salmon streams constituted an inter-
specific relationship that needed closer study in the interests of the
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 Petitcodisc river dlstrict was selected for this study to allow
it close with current i of the Atlantic salmon.

A great desl of scientific attention has been given the Buropean
eel (A, anguilla L.), chiefly on the strength of its commercial importance;
but a Jcmperable fatarest In the American sel has saldom besy showm, since Lt
constitutes only a very minor fishery.

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

tion of the eel as a predator and competitor of other fish. These charges,

or _stiggestions, occur frequently in both Canadian and European freshwater fisheriel
pubncmens, and have been sinilarly directed towards the New Zealand lon

finned eel (A. dieffembachii Gray). Furthermore, popular opinion rrequentiy

Tanks 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 .opinion : has doubtless added to its characterization as a major hazard

%o 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 vaters. These elvers may move considerable distances up stream and
some enter lakes. They are reputed to be able to surmount almost any barrier
or %o enter "inaccessible" places.

he eel remains a varying number of years in fresh 'uter, finally,
according to Schmidt (1922), returning to the sea to spawn and die

Some eels may enter fresh water only later in 1ife, or perhaps return
early to the estuaries. In any event, there have been observations of populations
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of feeding, yellow ecls in estuaries and in coastal salt waters (Mensiss, 1932).
There are also records (see later) which indicate that certain eels 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 fresh water, or as soon as it is large enough to feed on the eggs of
fishes. When it comes most seriously offensive as a predator upon salmon,
obviously depend. upon its mmbers, and upon the ecological niche it is maintain-
ing in the salmou stream.

s a potential competitor for the food of the salmon, the eel becomes
active, possibly from the moment it enters the salmon streams.

One of the main objectives of an eel investigation must, Sherefore,
be to define the miche, or series of niches which the eel occupies in the stream,
since its relation to the saluon, as either a predator or food competitor, will
be governed by its ecolp and physiclogical needs and 1

The general aim of the eel investigation may be stated as follows -
%o deternine 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 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 each of these cases series of dams or falls, or both, have apparently
pied atejous thecTotcatoabliioplatrica,  Blallasitustances ol glther
city or absence eels in streams above falls or dams have been reported
Cairns (1942C), nubba (1948), and Greeley (1935).

Several Petitcodiac streams, or sections of such streams, hed very
few sels. Those noted were the Lee brook, Salmon Hole creek, and a small
unnamed brook, all tributaries to the Pollett river. 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 relatively large mmbers of small brook trout and sculpin. These streams
might be termed "trout" rather than "salmon" streams.

tion that may act as a
phy-mogun erries to. the furihar fremRy Setributisa of eels, is
supported by other evidence which is discussed in a later section of this
papér,  The practical ! impftance of the cbesrvation lias in determining
the extent to which the phy: al of the
et eaecn 4 1ta nisce and capacities of eel and salmon,
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Abundance of eels in streams

Method
The mumbers of eels in sections of streans were deternined by electro-
fishing. The two s were of the

In most cases, estimates have been based on collecuons of eels made
thorough shocking of a stream section of known dimensions. Repeated

D. C. type.
by a single
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 b;
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
approxinately 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 50 yds, s Totals
il 23 hugust 7L (66.3%) 67 (62.6%) 138 = 67.68
2 %4 Angust 23 4
3 29 fugust 19 ol 26
107 17 204

he lowermost 625 yards of the Nigus brook were repeatedly electro-

s were

fished, and the numbers of eels taken on each occasion in each 50 yards
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 mumerous in
the stream, but were not taken. The attempt was made to collect and measure
all eels 90 ma. 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
eals presout, varied from the noraal sbundance and wers veflectad in the officiancy
of catch for their first shocking (see, for example, section 600-625

the stream botton was an even bed of gravel and small stones, and was enaily rianed) .
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The results for the Bennett and Nigus brooks were very similar, being
68 per cent and 6/ per cent efficiency respectively.

These were small streams, and their physical characteristies differed
in many ways from those of the Pollett, Coverdale, and Turtle rivers, However,
provided that corresponding effort of electro-fishing is maintained on larger
streams, a thorough, initial shocking in a larger stream should take a similar
proportion of the esls present. Deep water especially limits the efficiency
of electro-fishing, since, besides hindering personnel, the resistance to the
passage of the electrical current increases with the depth of water.

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

Numbers of eels

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 Bigus exd Beonatt brocks, - In the case of Ahe firet thres siresss, single
shockings were mads, whilst for the other two streams eels were taken in repeated
shockings, as has been mentioned above, The actual numbers of AT hs ave
been listed in Table IT 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 mo 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 omn observations and is partly borne out by the accompanying size-
frequency histograms. The need of recognizing these facts lies in the importance
of the relationship between the sizes of eels and their interaction with salmon.
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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.

Table IIT. Estimates of numbers of eels present in five streams.

Width No. per No. per No. per
River yds. 100 yds. sq. yd. acre
Bennett r 204 2.04 9874
Nigus 2 220 1.10 5316
Turtle 10 275 0,262 1268
Coverdale 17 201 0.121 585
Pollett 23 29 0,133 620

The errors involved in such estimates are appreciated; nevertheless,
the values deternined for each stream vary sufficiently and consistently enough
to be of likely significance.

Discussion

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

Eels live a semi-subterranean life, and though specific data are lack-
ing at this time, the writer has frequently noticed that larger eels, when they
are found in streams, are usually in sections where the stream bottom is of
boulders 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
slectrode. During the collecting of eels from the Pollett, Coverdale and Turtle
rivers, it became a habit of the crew to direct the electrode towards

stones for larger eels and to anticipate small eels from gravelly riffles and
among swall stones.

he sigze-distribution of eels will also, of course, be affected by
other factors (physico-chemical properties of the water, food availabilit;
nmigrations), but the type of stream bottom can directly limit the numbers and
sizes of eels present in a stream,and in this way modify the inter-specific
relationship of eels and salmon.




Sizes of eels in different stream:
Results

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 streams
are given in figures 1 to

The mean lengths of eels from the five streams were as follows:
Bennett brook (N=173) 159.0 mm., lu break (N=1373) 16€.0 mm,, Turtle creek
(N=527) 179.7 mm., Coverdale rive: 162.4 mm,, Pollett river (W=1442)
198.2 mm.

As already stated, the Bennett brook collections took perhaps all of
the exla pralunt 1in 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
l:endﬂion which 1s reflected in the histogram for this stream (fig. 1).

Four of these rivers (i.e. axcluding the Bennett brook) are direct
tributaries of the Petitcodiac river; but whereas the collecting area for the
Nigus was immediately adjacent to the uain river, those of the remaining streams
were removed from it by a varying number of miles. This accounts for the
nunerous elvers present in the Nigus as compared to the other streams, A useful
comparison of the sizes of eels present in a small and a large stream can

better be uade, therefore, by comparing the frequencies of size groups above,
say, 120 This has been done, on a percentage basis, for the Nigus and the
Pollett, as shown in figure 6, This comparison demonstrates that the smaller
strean had relatively more small eels (say up to 16 cms.) and fewer larger eels.
The converse holds true for the larger stream, It has been suggested above that
the 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 werb taken in the Pollet river, but very few
with a total length greater than 35 cms. were found in any of the streams.

Discussion

The size-distributions of eels in streams can be determined fairly
readily from 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 aspects in the knowledge of the sizes of
eels present, as would exist, for example, in the event of the adoption of an




., Size-frequency distribution of 1371 eels removed from lower 625 yards of Nigus Brook;
August-September, 1950.

Note: Eels less than 90 mm. total length were numerous, but were not taken.
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Fig. 2. Size-frequency distribution of 1373 eels taken in seven sections of
the Pollett River; summer 1950.
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Fig. 3. Size-frequency distribution of 603 eels taken from the two sections of the
Coverdale River; summer 1950.

plus 1 eel - 551-560 mm.

Frequencies

rﬂfﬂ H_ll'””_\mlﬂﬂﬂmm i

50 70 90 110 130 150 170 130 210 230 250 270 290 310 330 350 370 390

Total lengths - 10 mm. classes.




Frequencies

30
20

10

°

Fig. k.  Size-freguency distritution 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
Turtle 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-c ion of eels as an index of the effectiveness of technique, or

as an indicator of variations in other related phenomena.

Neights of eels

Wherever a collection of eels was made in these investigations usually
only the total weight 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 & 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 flesh in several different streams.

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

The average length of eels taken in the Nigus brook was 18 cms., and
that for the Pollett 20 cms, On the basis of the Holmes brook weight data, 18
cm. eels averaged 8 gms. and 20 cm. eels averaged 14} gus. in weight.
estimated total of 5316 eels per acre on the Nigus gives a weight of 43 kilos.
v 95 1bs, 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

streans:
Mean width TWeight per Weight per
Strean yds acre-kilos, acre-lbs,
Bennett, 1 & 152
Nigus 2 43 95
Turtls 10 1n 24
Coverdale 17 5 u
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 previcusly

discussed, probably only about two thirds of the eels present were taken. How=

ever, the differences are so great that they would 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 saluon. Because thess are esteemed fish, it is possible
that eed depred are sometimes Nevertheless, many cbservations
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both in this and in other countries suggest that the eel may truly be a hazard
to the optium production 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 cbservations it is little wonder
that those interested in the cultuse of salmonid fishes have been perturbed.

Several records of fish predation by eels particularly on trout and
galscn bave been sade by Frort (1%6) and Menzies (1932). Cairns (1942b)
dations of the long-finned eel upon adult

has
trout and upon ealmon.

In Canada eel predation has been recorded in several instances. Wnite
(1935) has rrequsnny 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,
16 phtch b Mocks pihmbiog ‘of §iTncs fry hed boed Aedd BET1e ob Anaemtl oy
that had 429 of these fish in its stomach - a useful cbservation on the stomach
capacity of a large eel. Elson (1941) has suggested that the loss of more than
95% of salmon fingerlings planted the previous year in two Nova Scotian streams
bad been due largely to predation by eels,

Eols may perhaps begin to predate upon other fish, or their eggs, during
their second or third year in fresh water., White has told (in conversation) of
f£inding eels which had fed on salmon sock-fry from redds; and Mr. James Catt of
the Department of Fisheries at Saint John, N, B, has described how he has cbserved,
at night by the aid of a light, the tails of eels protruding from the stones of
newly made salmon redd

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

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
doubt1s8s has to rely more on a heavier dm such as fish would provide, This
ie certainly the case with the New Zealand long-finned eel, as Cairns (loc, cit.)

has described. Eels taken in the smolt traps on the Petitcodiac river dur:
the smolt run, almost invariably had one or several of these fish in their
stomachs. The occurrence of trout with sel teeth marks on their sides is common
in New Zealand and has often been observed in this country (White, in conversation,
and by the writer).

FPirst-hand infornation on the food of eels in streams was sought last
sumner through a series of night collections of eels by electro-fishing, These
collections were made on the upper reaches of the Kemnebecasis and Coverdale
rivers (the former belonging to the Saint John River system). T! "
unfortunately, add 1ittle to the knowledge of the predatory activity of the eel
in salnon streams for several reasons, In the first place, by the time it first
became possible to make the collections, the salmon fry had probably already
emerged from the redds and were dispersed throughout the stream, Thus the
period of emergence (about 10 days), which might well be a critical
the eel-salmon relationship, was probably missed. In the second plac
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total ignorance of what salmon spamning takes place in these waters limits any
observations to being little more than qualitative. And finally, probably few
salnon spawn in the areas fished, so that these territories are really unsuitable
for this particular phase of enquiry.

Several hundreds of eels were collected, and all have been preserved
for later examination. Detailed analyses of stomach contents have yet to be
made, but to date 302 stomachs have been opened, briefly examined and their
contents transferred 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
experinentation 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 production; that is,
obtain an absolute count of female spawners and estimate egg deposition and fry
production on the basis of previous research;

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

) Determine production and loss of fry, parr, and smolt by seining,
electro-fishing and trapping.

2. Compare salmon production and loss in a similar manner in a suitable stream
where ihere 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 second night from
another section B, and 80 on. At the same time determine by electro-fishing
and/or seining the numbers of fry surviving in each section (this to be dome
during the daytime).

(c) Conmpare. survival of planted fry in stream sections from which eels
have been removed.
7 Over a period of several years some of these experiments could be modified
%o determine variations due to differences in mumbers and sizes of eels present
and differences in types of habitat involved,

It is important to mote that these experiments call for (a) natural
spaning 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 experimants should be desiguad S0 record aqiments of esls nto or
out of the area where nece 5 and while they are in progress observa

should be made of predation under natural conditions, in redds and upon rry 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 American eel.

Frost has cbserved that the food requirements of the eel coincide
appreciably with those of the brown trout. She adds, however, that the evidence
yos dacking $0 prave thut this definitely enounted to Sompetitton - a goudition
dependent, up availability of food and on the population densities. Hobbs
T Satasire e stnilarity of the food of the longotinned sel with that of the
brown 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 especislly saluon end spls, Elson (1941) has stated that s nlhr els
“oompete very seriously with salmon fingerlings for their food, and
eels "also compete with salmon parr for almost all their food org.nu

Later ecological research has supported Darwin's thesis that the
potential rate of increase of argaziims u gr nun et wnsen the resources
of the epvironment can support. -esul ;royed by the action
and inter-action of a variety of phylicll and bielogicul i Biological
factors are usually density-dependent; that is, the umnt and degree of their
sotiom depends partly wpon the density of the argen y affect. Crombie
(1947) has dofined competition o0 i at the seke A by more than one

t

£

relative, since situations exist where one organism may feed at a different
tine 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,
environnental needs are identical, camnot survive together in the same
place. From this it follows that the degree of competition for the resourchs
G the envirooment will increase as the SIALlarity of the Desds 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 survival: (a) the potential increase for both
is great, (b) they live together, which suggests (c) that they

logi cal nd 5 n comnon

a
the same, or almost the same, food. Now it is also possible
relationships may be either intensified or alleviated by the
simultanecus sction of other factors of the environment, such as intra-
specific

Ation, or the predatory activity of the eel upon salmon,
the question is posed as to whether, because of certain
sinilarities of needs and function, the eel competes for the food of the
salnon on a level which limits its optimum production.
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ompetitive reluﬂnnuhipa between organiss are usually bighly complex
and d1£1iAt So dsternize: The practical needs of this investigation, at least
15 GG SarTy s\daeAtinoulA pestape:be setiatisdiby AseIEI G i mABINGR Lot
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 cel predation would suffice. Additional observations would be
necessary to obtain some distinction between the effects of both factors, I
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
tine whether 10ss {n weight and reduction in grovih rate bad follomd as o
Tesult of the If & sl
Piah venaizs mmaller throughout it sea, as i e 1ife, &
relative loss in the ultimate production of salmon flesh will have been effected.
It would be necessary, therefore, for the investigation to deternine whether by
increasing 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.
the 300 stomachs opened to date (from these collections) the food of eels in
some Petitcodiac streams was found to consist mestly of the immature stages of
seve: s of insects, mayfly nymphs (Ephemerida), stone-fly nymphs
(Plecoptera) true flies (Di) c-r-{ and caddis worms (Triuhcntorn{ and of the
common earthworn (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 sel populations
are negligible. Frost (1946) has described heavy feeding by trout upon
ascending 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 most portant fish predator upon eels is perhaps the larger eel.
Eels apparently foed naavily upon the elvers during theix ascent imto fresh
Water (Day, 1541, and Wite, ‘ih conversstica)s It ia of Lnterest %o note
That though the eol 18 priserily a sosturnal feeder, they Ray feed acbively
in broad daylight upon the abundant supply of migrating elvers, even though
the waters, at that time of year (spring), are relatively cold,

y birds

White has stated, in conversation with the writer, that the
occurrence of eels in the siomach contents of many mergansers and kingfishers
which he hes examined was, with occasional exceptions, of minor importance,




Significance
Though quite a variety of animals may at times feed conveniently
upon eels, and sspecially the elvers, (Menzies, 1936 even mentions rats) no
importance is attached to such predation in terms of its possibly limiting
the sizes of el populations below that which their enviromments could support.

Moven: of eels

Elve:

In 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 fished for food and in some cases for transplanting
%o inland waters to provide for important freshwater eel fisheries (e.g. the
River Bann, Northern Ireland. Nenzies, 1936). The entrance of elvers into the
Moser river in Nova Scotis 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
o the river banks, (c) in certain places night runs predominate whilst 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-pe 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 the Petitcodiac was
not observed last summer, later entries were rather of this type. Heldt and
Heldt (1929:) have observed that the arrival of the elvers at the Lac de Tunis
in North Africa is in a dispersed state ("arrivee en ordre disperss") and
contrast 4t with the entrance of elvers into the River S1d1-Dacud (15295),
.hsch lies to the eastward of the Lac de Tunis, on the cosst (*monteds en
ittt el el R e character
3 \ha aiver runa to the, infTismce GMEIzesh witar in the cotstal Wlers:

In the Petitcodiac river, though elvers were first reported in late
May, they were not observed by the writer until in early June, During these
observations they were never seen to ascend at a rate greater than 5 per minute.
They were usually seen resting on flat stones, partly buried in the mud or
swimning up-stream. 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 cbservations were made immediately above tide level, as well
higher up the river, they can hardly refer to elver "runs® as the term
18 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 sumer. In the Petitcodiac rivers the year's elvers have been taken up
0 15-20 miles above tidal waters, That these small fish were probably elvers
is based upon the following observationss

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

(2) Snmall eels, less than 100 mm, and 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.
Furthernore, 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
phenomencn 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 "réduction de métamorphose,

These conditions must account for particularly great variation in the
sizes of the year's ecls that may be present in certain streams, It might even
be that certain large, new elvers equal the lengths of small, late-entered elvers
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,



- 16

dn L¢ woxy ‘snozeuny
86 ‘6 ‘16

dn g woxy ‘smosewny
76 ‘c6 ‘16 ‘L8

L6 ‘26 “06

$8 ‘8L ‘69 ‘29
(6°€97x) 2L-€9 ‘LoN
80T ‘96

2T ‘T

6L ‘Ll ‘oL

(uses souso) LL ‘L
96 ‘98 ‘€9

(0°T9=F) 6L-€S ‘€z=

(z°89=x) $9-75 ‘OT=

sndty
33euueq °dg
snaTy

1991104
239104
2391104
930uueg AT
2391104
oT3amy °dn
oT3amy ‘aMT
oTepIeA0Y *IMT
oTepasa0y *dy

ovTp093TIed

9vFp0TIed

s Amp




-17
Small esls

Cairns (1942a) and Hobbs (1948) have observed that small, "long-finned"
s make regular secondary, up-stream movements during late summer or aufumn,
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
correlated with the entrance of elvers into the fresh water in October, November
and December (i.e. spring). He has described the secondary movement as a well.
defined migration, which in certain localities, being anticipated annually, is
observed with constant regularity.

The writer witnessed a similar movement of small eels in the Pollett
river last mid-August. Numerous snall eels were swimming up strean 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 cms.

These movements may prove useful to the devising of methods for the
control or elimination of eels, Cairns and Hobbs were able to observe thes
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,
1t 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-strean migrations

Down-stream 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
o be making the initial stage of their journey to the south Atlantic spawning
grounds.

Suith (1951) has operated traps at the exits of certain New Brunswick
and 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 maks only
a fow observations on these migrations, it has been noted that they involve not
only silvered eels, but yellow eels, many of them quite small and certainly far
from mature, This fact has also been noted by Smith (loc. cit.)s

What the destinstion of these eels is and whether they all enter the
estuaries is not known,

n nid-September last year a trap was erected on the Anagance river
at Petitcodiac, with the intention of capturing seaward migrating silver
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 nigntly and on severel
occasions hourly for several consecutive hours, Day visits were made frequently
but almost invariably fish entered only during darknes




The following fish were taken

Eels - 7 Range in size, 153-550 mn. % = 260 mn.
Greatest nunber in one 2A—hour period - 11
Averags number per day - 1.5
Kunber distinctly silvered - ca. 10
Taken first on first day of operation

Lampreys - 1509 A1l distinctly silvered
Greatest mumber in one 24-hour peried - 321
Average number per day (whils they ran) - 60.4
Duration of run, October 12 to November 5

ampreys were frequently cbserved entering the trap. They invariably
PR e e e A nmigrating during the daytime.

They usually swam within 6 to 8 inches of the surface of the water, in mid-
stream, and were always headed down-strean.

trap was not designed to taks 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,

Salumon parr - 72 All ripe males
Size rangs, 87-187 mm., % = 122 mn,
Greatest number in trap, 24-hour period - 11
Appeared in trap October 15 to end of operation

A sfngle exanination of scales from these fish showed that ome third
were in the 2+ and the remaining in the 1¢ age groups, One fish of 87 mm, was
in its first year and was ripe.

Other fish - Besides small numbers of several species of minnows and
suckers, 10 trout were also taken, 2 of which were ripe males
and 2 ripe female

It is possible that the trap did not fish successfully for esls,
though this is unlikely for the following reasons - on many occasions it was
exanined hourly for several hours during the night; it operated after rain
and during all but the highest water; it took a large mumber 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 clesred section of stream

Eels were systematically removed by repeated electro-fishing i
ssctions 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 Bemnstt
brook and was designed also to make observations on the feasibility of marking
eels by branding them,
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A1 possible eels were removed from a 100- yard section of the stream
by repeated electro-fishing, At the same time 50 eels were branded and returned
%o the same water from which they were taken,.frem 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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Nigus brook, By repeated electro-fishing, the attempt was made to
remove all eels from the lowermost 625 yards of this stream ( excepting eels
less than 90 mm.). The numbers of eels taken in each attempt have been
summarized in Table 1, shown earlier in this report.

The final treatment to the experimental 625 yards was ghtn cn
November 23 when only 7 eels were taken from the upper 225 yards. an
additional and udjncent 50 yards was electro-fished for the first ?.I.I. on this
day, 45 eels were taken, and a further 16 on the following day.

A summary of the different collections is as follows:

Collection No.

1 mid-August 625 yds, 890 eels, 64%
of total
of 1395
2 mid-August L] 307
3 mid-Sept. » 168
4 mid-October . 30
1395
5 23 November upper 200 yds. ™
g 23 November next 50 yds. 45

above 625th.
2 24 November » 16

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

f course, these observations are good only for the period they
rofer 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 mone were seen in the next, previously
unfished 2% yarts. The small cenerstor we used silch delivered
approxinately 125 volts at half an ampere, Whether no eels were then
Frossct 1n the ares cr whether they were ihere bub could nob exhibdb
galvanotropic response is not known, But in the same month and in water of
sinilar temperature, eels were readily electro-fished from the deep mud of
& pool in the river at the St. John hatchery. This pool, however, was
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fed by a sewage pipe which carried considersble 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
anperes.

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
yoar a strean cleared of eels would probably remain relatively free of them
over a period critical to the planted fish,

Up-stream autumn movements of eels from salt water

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

Under certain conditions, apparently, yellow eels leave the ucu.rm
or the sea and enter into fresh water, They do this during the fall of the
and presumably hibernate in fresh water throughout the winter months. !lamiu (1932)
reforring to his observations of the eel in United Kingdom waters, has said that
Neonsiderable numbers of eels feed either in egtuarial or in salt water and as
winter approaches, some move up stream to hibernate in fresh water".

s type of movement has been observed in certain Nova Scotia streams
by White (!.n 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,

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

Several years ago a fisherman of Musquodoboit Harbour, Halifax County,
N.S., Mr. Charles T. Young, described o Dr. Medcof his having observed one
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. Medcof, Mr. Young has stated,
s bost he could remember, some of the features of this incident. It took
place during the sutumn and on "a foggy, wet night". The bar was stony and
grassy, was about 50 yards wide, and at its highest point was about 10 feet
above the level of the salt water. He recollects that there were "dozens" of
eols both large and small, and that he saw several actually enter the pond.
This pond has no cutlet to the sea at this locality and is a muddy pond of
about, 3 acres.

Hibernation

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
"eel holes" can be seen and recognized and are fished in some localities by
spearing the eels. Cairns (1942) 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 few eels do continue to feed throughout
the winter,

Japanese workers have correlated the reduced feeding activity nf eels
with lower water temperatures (Cairns, loc. cit.) and the hibernating ac
be a survival response on the part of the eel against starvation. The a1mng
down of metabolic activity in response to certain unfavourable conditions of the
enviromment seems to enable the organism affected to resist such conditions.

he responses of the eel to cold water temperatures are in keeping
vith the view ey the genus is of tropical origin, (Schmidt, 1932). The eel
has also, apparently, a high thermal tolerance, for according to White (in
conversation) he has observed them actively fesding in warm waters that were
almost lethal to Atlantic salmon. The adaptive capacity of the esl to the
cold temperatures of northern climates has doubtless contributed to its
abundance there.

Sex_studi

The sex of eels inhabiting fresh water has been a matter of
controversy for many years, and for this reason the writer was attracted t
attempt the identification of the sex of eels in New 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
streans can be identified.

An excellent summary of the history of sex studies of the sel is given
by Bertin (1951). The most thorough research, employing cytological
histological techniques is that by d'Ancona (1943). This work is in Italian,
but has an English summary and a large mumber of excellent photemicrographs.

Age studie

Age deterninations from scales of the eel are ambiguous and uncertain
(Hornyold, 1937; Frost, 1945; Smith, 1951). The use of otoliths has been
especially recomended by ornyold (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 show only these two rings. Now according to Schmidt (1922) the
American elver is in its second year when it enters fresh water. Perhaps,
therefare, if one of these rings is an annulus the other may represent a period
of retarded growth, such as might occur during the non-feeding process of
metamorphosis, from Leptocephalus to small eel.




Electro-fishing in the vicinity of developing fish eggs

Foreword

n view of the incressing use of the electro-fishing techuique 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
of experiments has been carried out during the winter, in which cbservations
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
5oc volts at 2 amperes, and that of the smaller, about 125 volts at half an
re, These two machines and their use have been described by Smith and
!1!0\'1 (1951) .

The scope of the experiments has had to be modest since neither the
assistance nor facilities for very detailed technigue 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 electronarcosis.

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

A few preliminary tests vere 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,

Methods.

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
the gravel of the stream bed and then shocked, the intention being to 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 §
inches of water. They were arranged at various horizontol distances from the
positive electrode.

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

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 white. This is presumably 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 originally thought possible to use the appearance
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of the white spot as a criterion of the death of an egg. In the case of eggs
recently fertilized this test is probably reliable. However, the criterion is
less valid as eggs proceed in development, since spparently 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 one 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 sure and reliable means of determining if an egg has
been killed by electric shock would be by microscopical exsmination 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 t:

The effects of electric shock have therefore been described on the
busia of oauparing the mmber of desd eges in trested saxples with contvals,
Though dead eggs were y Beir whit the first of
white spot could not be used to ) ioate the tims!or 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.

Petitcodiac tests - Results

A1l tests were made with the Wolf machine, which delivered 550 volts
at 1.7 amperes.

Test #1, November 27th, 1950, Folmes Brook. Salmon eggs.

Incubation period, 5-6 hours (pre-cleavage)

Distance, 6 inches

Duration, 25 seconds

Sample size, 50 eggs

Results: At the end of 1 hour no eggs had died (i.e. no white
spot). In eggs at this stage, the white spot can
appear very rapidly after death.




Test #2. November 27th, 1950, Holmes Brook. Salmon eggs.
Incubation period, 5-6 hours (pre-cleavage)
Distance, 6 inches
Duration, 2 minutes

Sample size, 48 egg:
s: Several eggs showed white in less than 10 minutes.

Results:
At end of 1 hour 39 or 81% had died,

Test #3. November 27th, 1950, Holmes Brook. Salmon eggse
Incubation period. 5-6 hours (pre-cleavage)
Distance, 6 inches
Duration, 2 msmms
Sample size, 50 e
Eggs burisd in 6 %58 tnches of grav
Results: After 1 hour 5 or 10% of the eggs had died (1.e. were
ite) .

Tests #4, #5, #6. November 28th, 1950, Holmes Brook, Salmon eggs.
Incubation period, 28-30 hours (early cleavage)
Resultss see below

Test Sample  No. dead after
No. _ Duration  Distance _ Size 1 hour % Mortality
Ay 30 secs. 6 ins, 50 45 90
B a ¥ 51 ] 97
58 1 min, 6 ins, 50 50 100

. I 50 50 100
6 2 min, 6 ins, 50 50 100
B 0 o 50 50 100
Controls 50 0 0

Petitcodiac tests - Discussion
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
susceptible than eggs in early cleavage.
(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
nortality,

Saint John hatchery tests

Considerable delays and difficulties interfered with these tests. In
the first place, as the large generator was about to be used for the first tests,
1t 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
have to be simplified, Since the counting, placing and removing of eggs was a
slow process, it was decided to reduce the mumber of eggs per sample (from 50
%o 20), and to dispense with repetition and replication of tests and samples
and to rely more on a general, overall comparison of treated samples with
controls, Furthermors, it was hoped that later tests would supplement the
earlier observations and this has, for the most part, been realized.

Types of eggs used
The different types of eggs used were as follows:

December 9th-11th. Type A. Trout, Early cleavage.
Incubation pericd, 6 days.

Type B. Trout. Late cleavage.
Incubation peried, 27 days.

Type C. Trout. Late eyed; sbout
0 somites, Incubation
period, 4 days,

Type D. Salmon. Eyed; about 40
somites, Incubation period
27+ days,

Februsry 12th-13th, Type A'. Salmon. Body almost completely
formed.

Type BY. Trout. About to hatch.
Type L. Trout. Early eyed.
Type D!, Trout. Similar to Salmon AL,
Tests made
A description of the tests made 1is given in the following summery:

Series A. December 9th, 10th. 550 vélts, 1.7 amperes.
Egg types used, , C, D;
Distances employed, 1, 3, 6, 12 feet.
Durations employed, 30 sec., 1 min., 3 min.,5 min.,
30 sec, repeated 6 times at 10-sec. intervals.
Total number of tests, 48.
Sample sizes, 20 eggs.

Series B, December 10th, 11th, 150 volts, 0.6 amperes,
Egg types used, A, B, C, D,
Distances employed, 1, 3, 6 feet.
Durations employed, 1 min., 3 min., 30 sec. repeated
6 times at 10-sac, intervals,




Total number of tests, 28,
Sanple sizes, 20 eggs.

C. February 12th. 550 yolts, 1.7 amperes.
Egg type used, AL, B, €1, DI,
Distances employed, 1, 3, 6, 12, 21 feet.
Durations employed, 1 min., 5 min.
Total number of tests, 40,
Sample sizes, 50 eggs.

Series D, February 13th.
Egg types used, Alevins (trout).
Distances employed, 1, 3 feet.
Duraticns employed, 1 min., 5 min.
Total number of tests, 5.
Sample sizes, 20 alevins.

Saint John Hatchery tests - Results
Series A, 550 volts, 1,7 amperes.
Controls, 50% mortality within 26 days, No further mortality.

Type A, Duration, 30 sec. 50% mortality within 24-48 hours
at 1, 3, 6 feet.

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

3 min, 50% mortality within 50 min. at

1 foot. Total mortality within 24 hours at
1 foot. Total mortality within 46 days at
3, 6 foet.

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

30 sec. repeated 6 times at 10-sec. interval
50% mortality within 18 days. Total mortality
within 56 days.

Comments

Eggs of Type A (in early cleavage) were spparently killed during
the processes of counting and moving them sipoe mortality in the controls
was high. They were perhaps killed by electrit shock up to a distance of
12 feet, the maximm employed. It is impedsible to distinguish 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.




Controls. 25% mortality within 26 days. 50% within 56 days.

Type B.  Duration, 30 sec. Total mortality within 24-48 hours
at 1 foot. 50% mortality within 24-48 hours
at 3, 6 fest.

1 min, 50% mortality within< 24 hours at 1,

3 feet. 50% mortality within 24-48 hours at
6, 12 foet.

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,

Comments

'ype B eggs (late cleavage) may also have been injured during handling.
They were killed by severe electric shock up to the maximum distance tested of
12 feet, the mortality being higher the longer the shock and the shorter the
distance.

Controls. No mortalities, all finally hatched.

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

1 min. £ 50% mortality m,hsn 26 days at 1, 3, 6
feet, At 12 foet 1 dead o

3 min, £ 50% mortality within 26 days at 1, 3, 6
Teet.

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

sec. repeated 6 times at 10-sec. interva
(soi mortality within 26 days.
Comments

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

Controls. Only 1 dead after 3 months (5% mortality)

Type D.  Duration, 30 sec.50% mortality in 3 months at 1 foob.
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.




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

non

30 sec. repeated 6 times at 10-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 sericusly affected at distances of 6 feet or more.
Series B. 150 volts, 0.6 amperes.

Types A, B, C, D - mortalities during 3 months were either less than
or approximately equal to those in controls. Thus it camnot 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
& times at 10-sec, intervals,
Series C. 550 volts, 1.7 amperes.

Mortalities occurring during the period of observation to date (25 days)

were as followss

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

Type AL,  Duration, 1 min. 2% mortality at 1, 6, 12 feet,
Zero mortality at 3, 21 £

5 min, 2% mortality at 6, 12 feet,
Zero mortality at 1, 3, 21 feet,

Comnents
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
development.,

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

Type B, Duration, 1 min. 26 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

Mith Type BY eggs (trout, about to hatch) no mortalities can be
attributed directly to electric shock. In each sample, most of the eggs have
since hatched and alevins appear normal.




Contpols, One dead in 2 lots of 50 egge. (1% mortality)

Type C1. Duration, 1 min. 6% mortality at 1, 6, 21 feet.
2% nortality at 3 feet. Zero mortality
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.

Conments

The results for Type C} eggs (trout, early eyed) are somewhat
anbiguous, 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 dead in two lots of 50 eggs. (5% mortality)

Type D', 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 fest. 8% mortality at 1, 6 feet. 16%
nortality at 21 feet.

Comnents
With Type D' eggs (trout in advance development) the results do not clearly
indicate mortality due to electric shock.
Series D, 550 volts, 1,7 amperes,
Alevins
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.

Comments

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 mor to move distinctly towards or away from the electrode.
After the first few seconds of the shock they would generally cease moving
and rest, but this would again be followsd by further swimming, contortions
and periods of rest,




The only deaths that occurred were with the 5 min., 1 foot shock,
and these alevins were still alive, though rather feeble, up to at least an
hour after the shock. Then 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 the results
of the entire series of tests and are intended to indicate the probable effect
upon developing salmon and trout eggs, of electro-fishing in their vicinity
with D.C. apperatus of similar output to that used.

1, The effects of using a small machine (about 150 volts at 4 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.

. Eggs in early stages of development, particularly during cleavags, will
peobablly uffer bigh martalities from sevars shock, much ta would be generated
by machines comparable to the Wolf machine (500 volts at 2 amperes), in waters of
sinilar electrical conductivity.

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

s that were about to hatch were not cbviously 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 1-foot distance
for a 5-minute shock.

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

6. Certain observations, not recorded here, would seem to indicate that
premature hatching might follow electric shock which did not kill,

Significan

D.C. electro-fishing apparatus with a power output similar to that of
the Wolf machine (sbout 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 4 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.

+ is probably quite impractical to use electro-fishing apparatus in
an attempt tn attract alevins out of their redds.

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 esls were not removed, Five
redds were built in each section, and 1,000 recently fertilized salmon eggs
were planted in each,

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

is the purpose of this experiment to attempt to assess the fry
production from each redd to determine what losses of salmon eggs or alevins 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 experinent should provids interesting data pertaining
o such predation. However, its value is admittedly limited, first b of the
artificial factors involved, and secondly because of the practical Lnitations
which the design of the experiment calls for.

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

Control of eele
Foreword

A consideration of means of controlling eels should really have in mind
exactly where they are to be controlled and for what specific purpose. This would
bo desirable because of such governing factors as their abuidance, the range and
variety of their distribution both and the
of thelr movements and the diversity of their ralation:hip towards other fish,
means of controlling eels in the headwaters of a river for example might be quite
aifferent to one suitable for their control in the lower reaches of a river.

In the case of control methods for salmon streams, esls may be considered
in terms of certain relatively distinct groups (a) slveru. ortering fresh water
in the spring, (b) small resident eels, that presumably make regular secondary
up-stream migrations, (c) resident eels whose movements m.y 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 methods of control might prove effective - denial of access
and systematic destruction or removal.

Denial of access

Elvers

The distinct advantage of preventing the access of elvers into streans,
1ies in the fact that the continued existence of eels in streams depend:
annual recruitment by elvers. Since the eel is catadromous it can be
in tratas which they can no longer ewter ihe reasining population of sels Wll
disappear eventuslly, 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.
The 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
spawning migration. Therefore, how many years will lapse 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, In practical
terms, obviously, the desired control may be achieved sooner, when particularly
undesirable size groups of eels have been eliminated either by growth, exodus
or destruction,

The ability of elvers to surmount or by-pass most cbstacles is
proverbial, Yet there are both natural and man-made barriers which have been
successful in either completely denying them further access or in reducing the
nunbers that successfully pass (Menzies, 1936, Cairns, 1942c, Hobbs, 1948).
Dems and artificial or natural falls whose faces are either too steep, or which
overhang, or down which the water flows too swiftly for elvers, have hindered
or stopped their ascent in certain places.

Electric fences placed across a stream at strategic sites may prove
to be an efficient means for barring the ascent of elvers. The Fish and
Wildlife Service of the United States has recently awarded contracts to
engineering firms for research on electric, electronic and electromagnetic
devices for control of the destruction of the sea lamprey, An electric fish
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.
Furthernore, 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 their first summer,

Small eels

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

Destruction or removal
Resident eels

Possible means of destroying resident eels in streams would include
electro-fishing, trapping (baited pots) and poisoning.

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 useful 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 prove 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 return to "home"
streans.

Summary

The only truly effective means of controlling eels would appear to be

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 secondary migrations up-stream,
further recruitment of eels in a stream had been prevented, the elimination

of resident eels could either depend on natural mortality (probably very small)

ement 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 permanent salmon traps in
the event of their for long-tern investigation
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